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Abstract

In order to manaye the higher compleity of VLSI chips and to read shorter design
cyclesthedesigneffort becomedncreasinglyfocusedn higherlevelsof abstraction. We
describethe modelingof somemodulesof an high speedielecommunicatiowmircuit, an
ATM Switch Controller (ASC)usingthe Protocol Compileror Dali™ from Synopsys™.
Dali™ supportsa fast and compactgraphical entry of a protocol controller hardware
descriptionwith graphicalsignssimilarly to formulasymbols Theoutputof thesynthesis
with Dali™ is simulated Advantajesof this designmethodare discusse@ndtheresults
of the synthesisre presented.
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1 Intr oduction

Therising compleity andstructuredensityaswell asshorterdevelopmentyclesin VLSI
chip designrequireDesignAutomation(DA) on higherlevelsof abstractiorjGaetal96].

The Protocol Compiler Dali™ from Synopsy$™ allows the modelingof protocol
controllogicin ASIC designsisingagraphicaldesignmethod.Dali generate&inite State
Machineswith integrateddatahandlingactions.Theoutputof the ProtocolCompileris a
simulatableRTL-VHDL descriptionwhich canbe further synthesizedy an appropriate
tool like the DesignCompiler™ from Synopsys$™.

Theapplicationusedin thisreportis anATM Layercircuit.

ATM (AsynchronousTransferMode) is consideredhe ultimate datatransmission
methodby thetelecommunicatiomdustryfor BroadbandSDN [Pryk93],it is still in the
procesf standardization.

ATM is partedinto threelayers(similarly to thethreelower layersof OSI): the Phys-
ical Layer the ATM Layer and the ATM AdaptionLayer. The ATM datatransmission
is performedin datapaclets, so called“cells” with a constaniength of 53 bytes. The
cell headerhasa lengthof 5 Bytesandthe cell payloadhasa lengthof 48 bytes. In a
telecommunicatiomode, ATM cells are acceptedserially in the PhysicalLayer where
the cell headelis recognized.Thecell is parallelizedandhandedoverto the ATM Layer
wherethecell is routedthroughan ATM switchaccordingo someinformationin thecell
header The electroniccircuit performingthe ATM Layer functionsis calledthe ATM
Switch Controller(ASC).

2 Designof the ATM Switch Controller (ASC)

Figurel shavsroughlytheblock circuit of the ATM Layerfor 14 channels.
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Figurel: ATM LayerCircuit



The parallelizedATM cells arrive from the PhysicalLayer in the AddressHeader
TranslatordAHTO to AHT14. The cell headeof eachcell in eachAHT is separateénd
translatechccordingo theinformationin theRoutingTable(RT) to anew cell headewmith
therouting informationattached.The cell with the new heademplus routinginformation
(whichindicateghetargetoutputchannel)s storedin acell buffer and,if theoutputchan-
nelis free,routedthroughthe ATM Switchto the properoutputchannel.The Connection
Controller controlsthe ATM Switch, it recevesthe routing requests§rom the AHT’s,
maintaingablesof the busyandfree connectionandconfigureghe switchif anew con-
nectionis due. The microprocessohasadministratve tasks,it performsthe resetof all
circuitsafter power on, recevesthe signalingcellswhich requirea dynamicRouting Ta-
ble updatein orderto establismew pointto pointconnectionsThe plannedATM switch
is a commerciallyavailable one-chip“non-blocking ATM CrosspointSwitch” (TriQuint
TQ8017)with adatarateof 1.2 GBit/s perchannel.

Thedesignof the ASCis initially performedwith structuralmethodsusingthe Hard-
ware DescriptionLanguagevVHDL [LaR097]. The completedesignis synthesizedvith
the Behavioral Compiler™ [LaR099-1][LaR099-. Five modulesare describedand
synthesizedgainwith Dali™.

Figure 2 shows the block diagramof one ASC channelplus ConnectionController
Five module(with shadearedescribedandsynthesizedgainwith Dali™.
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Figure2: Block Diagramof oneASC channel

3 DesignMethod with Dali

3.1 General

Dali offers a GUI for the modelingof hardware modules: Referto ProtocolCompiler
User Guide [SynPcUG98],Controller Design Using Protocol Compiler [SynCDPC9§
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andDali Tutorial for VHDL usergDaTut97].

The Dali GUI supportsa fastand compactgraphicalentry of a protocol controller
hardwaredescriptionoffering a setof modelingsymbolscalledframes.The advantageof
this methodis, thatthefunctionsandinterfaceswhich arerepresentedraphically canbe
describedcomprehendedndchecledfasterthana VHDL text.

The disadwantagds, thata new nonstandardizeanodelingmethodhasto belearned
andtrained.

3.2 Dali Frames

Dali providesthefollowing basicframes(referto figure 3):

Unspeacified Frame
Add Action =[ FrameEditor : Untitled (L
@ ! File Edit View Frames Winc
L) i
Terminal Frame || &[5 # |2 2T
EI Referance Frame Q |n'" B tstall
P — ﬂ untitlad
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1] | QualiyF 4
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] . | ViFrame al
T == L
[ ] Repeat or Optional Frama T
{3
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Figure3: Typesof Dali framesandFrameoperators

HierarchicalFrameTypes:
1. UnspecifiedrFrame
2. TerminalFrame
3. Referencd-rame
4. TemplateFrame
5. EpsilonFrame
HierarchicalFrameOperatorTypes:
1. Qualify FrameOperator

2. IF FrameOperator



Repeabr OptionalFrameOperator
Sequencé&rameOperator
Alternative FrameOperator
SimultaneougrameOperator

RunldleFrameOperator

© N o 0o k~

ExceptionFrameOperator

3.2.1 The UsedTemplate Frames:

Templateframesareframedefinitionswith parametersThis frametype canbe usedin
multiple placeswithin a protocolcustomizedy its parameters.

Cont_Oniexpr, next_frarme)

e
{[} - }
|

Figure4: The Conton() Template
In our designthefollowing templatesareused:

e ContOn(expr, next_frame): Hasa“Wait” functionfor the signalnamed‘expr” and
executeghe“next_frame”- framethereaftel(referto figure 4).

e ProcOn(startexpr,taskto_execute):Definesanendlesprocesgsesfigures): Waits
until startexpr is high (level sensitve). The taskto_executeis executedendlessly
until it terminates.

Proc_Onistart_expr, task_to_execute)

ietart_expr| |task_to_execute
|

Figure5: TheProcon() Template



3.3 Dali Actions

Dali actionsaredefinedassimpledatapathoperationswhich canbe attachedo aframe
andexecutedwhentheframeis acceptedluring designexecution.Dali providesa setof
“built-in actions”like

e set(x):setsthevalueof x to’1’

e clear(x):setsthevalueof x to 'O’

e Assignment(concatenatiorsplitting): z = < exprl >, expr2 >, ...

e Incrementdecrementincr(x), decr(x)
An actionis executedin oneclock cycle and cantake ports, variables,expressionsand
constant@&sarguments.
3.3.1 UserDefinedActions

Define customizedactionsto performoperationswvhich are not available as built-in ac-
tions. UserdefinedactionscanbedescribecasVHDL-proceduresr functionsin VHDL-
packagesln our casewe providedtheencodinganddecodingoroceduregor themodules
SRCandRD asuserdefinedactionsin additionalVHDL-packages.

3.3.2 Dali Versionand Modeling Steps

Dali Versionused:1998.08.The modelingstepsareasfollows:

1. Enterthe designof one modulewith Dali GUI. That means:enterports, frames,
variablesactionsetc. for onemodulewith Dali.

2. Generatea VHDL packagédor thedesignactions,if necessary

3. Generatea VHDL descriptionof the testbenchfor the module. Dali providesa
templatefor thetestbench.The programmehasto enterthe stimuli.

4. Checkthedesignsynthesize¢hedesignandgenerate/HDL codewith Dali.

5. Analyzethe VHDL package the Dali-generatednodule code and the testbench
with VSS™-Analyzer

6. Simulateanddelugthemodulewith the Synopsysleluggerprogramandthewave-
viewerwhichis calledwith thecommand‘vhdldbx”.



3.4 Options Settingsfor the ATM Design
3.4.1 Controller Styles

The controllerstyle specifieshow the designis compiledanddeterminegshe overall en-
codingof thecontrollet Dali allowsthefollowing controllerstylesfor asinglecontroller:

e Distributed Encoding: Default encoding. This style producesa controllerimple-
mentedasmary simple,low fanin, next-state-logicfunctionsfeedingthe statereg-
isters. Advantagef this encodingstyle are: Implementsfastcontrollers,allows
delugging,doesnot dependon the total numberof statescreated=SM’s thatare
similarto one-hotencoded-SM’s. Thedisadwantagesre: Whenusedon theentire
design this style canusemary registersleadingto high areacost.

e Binary- Min Encoded:Minimizesthetotal numberof statesandencodeshestates
to usethe minimum possiblenumberof stateregisters. The next-state-logicfunc-
tions canbe very complex. Advantages:This style producescompactareamini-
mizeddesigns.Disadwantages:This style givesgoodfinal gate-level resultsonly
whenthe total numberof statesis lessthanabout200. For the ATM design,the
Binary - Min encodedstyle hasbeenusedfor all modules.

e Min Distance- Min Encoded Thestatecodesareassignedo minimizetheaverage
numberof changingbits per statetransition. This style usesan encodingscheme
similar to the Gray Code. Advantages:Createssingle stategraphsfor an entire
controllerand minimizesthe total numberof states. Disadwantages:If usedfor
FSM'’s with morethan 200 statesthe next stateandactiontrigger logic becomes
very complex .

e Branchand Sequencind=ncoding: Similar to Binary - Min Encodingexceptthat
slightly morethantheminimalnumberof statebits areused.Statesaaregroupednto
statesequencelusters. The stateregistersare split into two fields: Onefield de-
terminingthe statesequencelusterandtheotherfield determiningthe statewithin
this cluster Advantages:SSimilar to Binary - Min Encoded.DisadwantagesOnly
for designswith lessthanabout200states.

e OneHot Encoding: One stateregister bit represent®one stateof the controller
Only onestatebit canbe setat atime. Disadwantageslarge statevectors.When
the total numberof statesis greaterthan 100, this style producesvery large next-
state-logicfunctions. The time to synthesizehesefunction can be unacceptably
long. Thereforethis encodingstyle is not selectableand only usedfor the initial
FSM.

The selectionfor the differentencodingstylesis in the menuedit/partition/style.

3.4.2 Singleor Partitioned Controller

For somedesigns especiallyfor thosedescribedwith two or more parallelendlesro-
cessestheselection'partitionedcontroller” deliversoverall lessstatesandsmallerareas.



3.4.3 Min Encoding: Map UnreachableStates

Dali addsin the “Min Encoding”option additionalstatesandtransitionsso thatunused

statecodequnreachablstatesalwaystransitionbackto valid states Theseunusedstates
cannotbe reachedn normaloperation,however if the controllerentersaninvalid state

for somereason(e.g.dueto electricaldisturbancesr hazards)it immediatelytransitions

to a valid state. The “Map Unreachablestates”option addsthe numberof unreachable
statedo thereachablestatesIn mary casesthenumberor statesaredoubled.

3.4.4 Loop Handling, “Use Counter” Option

The default selectionfor the synthesisareunrolledloops. Rolled loopsoftenreducethe
area.In this casea countershouldbeimplementedselectEdit/UseCounter).

3.4.5 Effectsof Option Setting

The effect on FSM statesareaanddelayfor differentoption settingsareshown in table
1. As anexamplethefirst moduleAHT _IN is synthesizedTheoptionsSingleContmwller,
Partitioned Contmoller, Use Counter Map Unreadable Statesare explainedabove. For
all optioncombinationsthe controllerstyle “Binary - min. encoded™hasbeenselected,
since- after optimization,a differentcontrollerstyle did not changethe cell areaor the
delay Dali startswith aninitial FSMwhich is one-hotencoded After the optimization,
thefinal FSMshavs the min-encodedtateencodingandthe final numberof states.

In all casesexceptthefirst one,the numberof final statess lower thanthe numberof
initial states.

For the first three option combinationgseethe first threelinesin table 1), “Single
Controller” is selectedvhich produceghe highestnumberof statesandthe largestcell
area.

Selectingthe “PartitionedController” option, the numberof final statesandthe cell
areais stronglyreducedDali producesn this casetwo FSM’s for themodule*AHT _IN”
with 8 and53 final stateseach,if no otheroptionis selected.

Thelastcombinationwith theselectiorof “PartitionedController’and“Use Counter”
showvstheleastnumberof statestheleastdelayandalow cell area.

This combinationis preferredfor the synthesiof thefive ASC modules.

4 Modeling five ASC-Moduleswith Dali

Thefollowing sectionsdescribethe modelingof five modulesof the ASC with Dali:
1. TheinputmoduleAHT_IN
2. TheHeaderTranslatormoduleHT
3. The Shift RegisterControlmoduleSRC

4. TheReceve DatamoduleRD
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5.

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

Tablel: Effectson optionsetting,synthesizingnoduleAHT _IN

The AHT OutputmoduleAHT _Out

Thesemodulesaretypical controlorientedmodules.
They donotcontainarithmeticoperationgut datatransmissiorandl/O functionslik e

1.

2
3
4.
5
6

Datasynchronizatiomwith a strobesignal

. Continuoudataacceptancer datatransmission

. Dataconcatenatiomr splitting

Datareplacemenby datafrom look-uptables(e.g.the RoutingTable)

. Dataencodinganddecoding

. One-way andtwo-way handshakingommunicatiorwith othermodulesand pro-

cesses.
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4.1 Modeling of the ASC Input Module AHT _IN

The AddressHeaderTranslatorinput module AHT _IN: acceptsthe ATM cells byte-
parallel. The begin of a cell is marked by the signal“Cell_SynclIn”. Theincomingdata
bitwidth is changedrom 8 bits to 32 bits by storingtheincomingdataonebyte perclock
cycle into 32 bit registers. With this method,the dataprocessingnsidethe AHT canbe
reducedoy afactorof four.

= Dali - ahtin_dali (ahtin_dali pdb
File Edit View Design Window He

Wrote synthesis output into fle "ahin_dall_final”

Figure6: Dali GUI with theframetabopened

Thefirst four bytesbelongto the cell headelandaretransmittedo the HeaderTrans-
lator (HT). Thefifth headebyte,theHeaderError Code(HEC) byteis ommitted,sinceit
doesnot have ary functionin the ATM Layer.

Theremaindeof thecell, the“payload” with alengthof 48 bytesis transmittedvia a
one-way handshakingommunicatiorto thefirst-in-first-outbuffer CELL_FIFO.

AHT_IN is modeledas a two-processarchitectureas shavn in figure 7. The first
procesgprocessethe proceseaderthe seconneprocessethe payload.

Ahtin

+

{IBuffer_full
1

_ontrol_style=min_e ncoded

10

+

{Buffer_full| |process_payload
|

c_ontrol_style=min_e neoded

Figure7: Thetop frameAhtin
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4.1.1 The AHT _IN Frame Hierar chy

Figure6 shavs the Dali GUI with “frames” tab selected.All framesof this moduleare
listed.

Thetop frameis “Ahtin”, the subframesre“processheader’and“processpayload”.
The “capture4Bdata()’template-framas a usedasa subframeof “processheader’and
the“capt4Bpl()’ template-framés usedasa subframeof “processpayload”.

process_header
capture_4Bdataireqg)

Cont_Cn(Cell_sync_in)

[assignireal31:24], Data_in) )
(azsignireq[23:16], Data_in)

|capture_4B dataiH d_reg)|

(assign{Hd_bus, Hd_reg) )

m ZetHA_Tdy) (assignireql15:5], Data_inl
setistart_payld) (assignireql7:0], Data_in} |
Cont_OniHd_fetch) display_dir=vertical

clear{Hd_rdy)
clear{start_payld

display_dir=vertical

Figure8: The Subframéprocessheader”

Selectingthe top frame“Ahtin”, the window figure 7 is displayed.It shaws the two
parallelexecutingprocesses:

e If thesignal“Buffer_full” is nottrue,thenexecutethe subframeprocessheadelin
anendlesdoop.

o If thesignal“Buffer_full” is nottrue,thenexecutethe subframée‘processpayload”
in anendlessoop. Theframe“processpayload”is triggeredby thesignal“start_payld”.

Thefirst subframe'processheader” togethewith the“capture4Bdata()"templates
shownin figure8.

Thelogic is asfollows: If thesignal“Cell_syncin” is active, thenthe 8 bit “Data.in”
signalis readinto the bit positions31 to 24 of the 32 bit register“Hd _reg”. Sequentially
with eachclock cycle continuouslythe secondthird andforth byteis readinto the next
downwardbit positionsof theregister“Hd _reg”.

In the fifth clock cycle, the full Hd_reg is assignedo the signal “Hd_bus” andthe
“Hd_rdy” signalis set,whichis thestrobesignalfor theHeaderTranslator(HT) to accept
the 4 byte heademwithout the HEC byte. The HEC byteis not neededn the ATM Layer
andthereforenot acceptedn thefifth clock cycle.

The processpayloadframeis startedwith signal“start payld” (referto figure9).

In orderto reachcontinuousdataacceptancethe payloaddatabytes are gathered
alternatvely in two 32 bit registers,“Cell_reg” and“Cell_reg2”, asshown in the frame
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process_payload

Cont_Onistart_payld)
|capture_4Bdata(CeII_reg)|

- . reqs[31:24] = Data_in
|capt_4Bp|(CeII_regZ Cell_reg)| Cell_bus = cellreg
set{Cell_rdy)

reqx[23:16] = Data_in

reqx[15:8] = Data_in
1
clear{Cell_rdy)

capt_4Bplireqs, cellreg)

|capt_4B plicell_req, Cell_regZ)|

counter=Ifsr

|capt_4B plicell_reg2, Cell_reg)|

setCell_rdy) regx[7:0] = Data_in
display_dir=vertical

display_dir=vertical

Figure9: Theprocesspayloadframe

templatecapt4Bpl(regx,cellray) (seefigure 9). 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 the meantime the second32 bit register(Cell_reg2) is filled, and
during its storage the first registeris usedagain. That means,the storingtime of the
registersin the CELL_FIFO mustnot exceed4 clock cycles.

4.1.2 The AHTIN-FSM’ s
Dali produce® FSM's. The graphicalrepresentatiocanbe displayedby the tool xvcg:
(referto figure 10).

4.1.3 Simulation of AHT _IN

The simulationof this designshavs a correctbehaior (seefigure11.)

4.1.4 Summary of SynthesisResultsof Module AHT _IN

TheDali synthesihasbeenperformedwith thefollowing parameters{Release1998.08)
Control Style: Binary-Min Ecoded.
PartitionedController
OptimizationEffort: high
Dali providesan optimizationanddeliversa controllerreport(seeattachment).The
following is reducedeportwhich shovs the estimatedareaanddelayfigures.

Control |l er Report
Initial Fi nal
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Figure10: Ontheleft handside: FSM 1 of AHT_IN, ontheright handside: FSM 2 of
AHT _IN, theuppersix statesareenlaged.

St at es: 308 (8, 29)
Transi tions: -- (15, 36)
State Vari abl es: 32 9=(3,5)+1
Control Inputs: 178
Action Triggers: 39

Tot al conbi nati onal area 523.3

Tot al nonconbi nati onal 1253.0

Total area 1776. 3

Del ay t hrough the conbinationa

part of the FSM 2.52 ns ( 3.4 logic levels)
Li brary:

7.00 gates per 1-bit Dflipflop
1.00 gates per logical 2-bit NAND operation
0.75 ns per logic |leve

Thefinal stateg8,29)meanthattwo FSM’sweregeneratedthefirst onewith 8 states,
thesecondnewith 29 states.
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Figure11: Simulationof AHT _IN, modeledwith Dali. The upperdiagramshaows: The
first bytesaretransmitted.The lower diagramshowns: Onecompletecell is transmitted.
The upperscalein the simulationchartsshows the time in nsec. The simulationclock
cycleis setto 25nsec.

4.2 Modeling of the Header Translator Module HT

TheHeadefTranslatomodule:(HT) recevesthe ATM-cell headefrom theinputmodule
AHT_IN via a two-way handshakingprotocol. The strobesignalfor the headeris the
signal“headrdy”. The headertranslatorextractsthe VPI/VCI-valuesfrom the header
data,setstheminto thevariable*Address”,andaddressethe Routingtable(RT). TheRT
sendsnew VPI/VCI valuesplusaroutingtag “rtdata” back. The HT memgesthe RT data
with someof the original headerdataandwrites the new headerplus the routing tag to
the HEAD_FIFO buffer.

4.2.1 TheHT frames
TheHeaderTranslatorepresentatiowith Dali consistof thefollowing threeframes:

e HTIN is the mainframe. It recevesthe headerdataand passeshemto the next
frame“addr.rt”.
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e addrrt: addressetheRoutingTable

e procrtdata:processethe Routing Tabledataandpasseshemto the HEAD_FIFO
buffer.

Thetopframeis “HTIN” (referto figure 12), it is framedby the TemplateProcOn()
which represent@n endlessprocess. It waits for the strobesignal “hd_rdy”, loadsthe
header setsthe acknavledgesignal hd_fetch, and waits until the strobeis deactvated.
The addresdor the RT is composedf the VPI field concatenatetb the VCI field. The
next subframe‘addr_rt” (referto figure12, right handside)is calledthereafter

HTIM
addr_rt

Proc_Onthd _rdy)

(2ssignirt_addr, Address) )

(Header[31:0] = hd_bus )

Tt d
setlhd_fetch)
Cont_Onirtdta_strobe)
Cont_Cnithd_rdy)
Tearthd Tateh assignirtdata, ri_data)
(Address = {Header[27:24], Header[15:413 |

display_dir=vertizal

display_dir=vertical

Figurel2: Thetop frameHTIN andthe subframeaddrt

The subframe“addr_rt”, assignsthe “Address”-\ariableto the “rt_addr” signaland
setsthe “rt_rdy” signalfor the Routing Table (RT) managementThe RT management
setsthe signal“rtdta_strobe”if the RT dataareavailable. The subframe‘addr_rt” waits
for the acknavledgmentfrom the RT (rtdta_strobe),collectsthe RT dataandprocesses
themin the“proc_rtdata”-frame.

The “proc_rtdata-frame”(refer to figure 13 extractsthe routing tag (rtag) and the
VPI/VCI fields. It generateshe new header concatenategt with the routing tag and
storest to the HEAD_FIFOif the FIFO buffer is not full.

4.2.2 TheHT FSM

Theinitial FSM is one-hotencodedandhas14 stateqseefigure 14, left handside). The
final FSMis binary-minencodedandhas8 stategseefigure 14, right handside).

4.2.3 Simulation of the Header Translator

The simulationof the HeaderTranslatordescribedwith Dali shows a correctbehaior
(seefigure 15.)
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proc_rtdata

rtag = rtdata[39:24]
vpivel = rtdata[23:0]
clear(rt_read)

[Headerl47:4] = frtag. Header[31:26] vpivcl )

Cont_Oniffull)

Cont_Onthead_taken)

display_dir=vertical

Figurel3: Theprocrtdata- frame

4.2.4 SynthesisResultsof Module HT

SelectedDptions:
Control Style: Binary - Min Encoded
“Single Processorarchitecture.
OptimizationEffort: High
Thefollowing reducedeportshons the estimatecareaanddelayfigures:

Control |l er Report

Initial Fi nal

St at es: 14 8

Transitions: 25 13

State Vari abl es: 14 3
Control Inputs: 288
Action Triggers: 14

Total conbi nati onal area 486. 9
Tot al nonconbi nati onal 1519. 0
Total area 2005. 9

Del ay t hrough the conbi nati onal
part of the FSM 2.43 ns ( 3.2 logic levels)

Li brary:
7.00 gates per 1-bit D flipflop,
1. 00 gates per logical 2-bit NAND operation,
0.75 ns per logic |evel
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Figure 14: Dali FSM's. The left handside shaws the initial FSM. The right handside
shavsthefinal FSM

4.3 The Shift Register Control Module (SRC)

The Shift RegisterControlmoduleis describedn a singleprocessarchitectureThe SRC
loadsa shift registerwith 32 bits of cell data(not shovn in the block diagram)to be
shiftedseriallythroughthe ATM Switch.

In orderto recognizehe startof the cell at the outputsideof the switch,the cell data
is encodedyy the 4B/5B encodingprocedurewhichis usedin the “Taxi-Protocol”. That
meansa shift registerload of 32 bits is encodedo 40 bits plusa startcharacteof 5 bits,
addingup to 45 bits shift registerlength. A completecell transmissiorthroughthe switch
startswith a specialcell startcharacteplus 4 byte of headerdata(without HeaderError
Code(HEC)) encodedo 45 bits, followed by twelve shift registerloadsfor the payload.

4.3.1 The SRCIN Frame

Figure 16 shaws the top frame (SRCIN) of the SRC module. The “Proc_On()” is the
templatefor the“endlessprocess”.

The first actionis to load the cell headerif the signal “load_head”is actve. The
“load_reg_encode”frame call encodesthe register with headerdata. The shift regis-
ter is readyif the “sr_ready” signalis active andthe shifting can startif the “transmit
signal” is active. The “Cont.on()” templatesassurethe correcthandling of the two-
way-handshakingrotocolto the Routing Control moduleandto the shift register The
“load_shrey” framecall loadsthe shift registerwith theencodediata.

19



‘ ") 200 400 800 800 1000 1200

= /TOPHD_BUS(31:0) o0~ S0DE31AS ATAABIAA Be7t
TTOPMHD ROY 77 ] L
[TOPHD_FETCH J m mi
B [TOPRT_ADDR(15:0) 0000 0314 1634
ITOPRT READ [ [ _
& TOPRT_DATA(s0)  ||[ooooonon-] D002ABCDEA
TOPRTOTA_STROBE [ ] [ ] [
TOPFWRA Il Il
& [TOPHEADOUT(47:0) 000000000000 0029ABCDEAS D002AABCDEAA
ITOPHEAD_TAKEN ﬂ ﬂ

[TOP/FFULL
[TOP/RESET

Figurel15: Simulationof HT, modeledwith Dali. Theupperscalein the simulationcharts
shownsthetimein nsec.The simulationclock cycle is setto 25 nsec.

SRCIM

Proc_Onfload_hd}

assigniaux_reg, header)
set(load_ok)
set(busy)

load_reg_encode

Cont_Oniload_hd}

Cont_Onitrans mit & sr_ready)

Cont_Cniltransmit)

disolay dir=vertical

Figurel6: The SRCINframeof the Shift RegisterControlModule

4.3.2 The"“load _regencode”and the “load _shreg” Frames

The“load_reg_encode’frame(referto figure 17) encode®neregisterload (32 bit) of the
cell datawith the 4B/5B encodingscheme. The encodingfunction “encd()” holdsthe
encodingtable andis locatedin the utilities package(utils_src.vhd). The resultof the
encodings a 40 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 registerload and passest to the shift reg-
isterwith the“sr_strobe”signal.

4.3.3 The “shift _payload” Frame

The “shift_payload”frame (seefigure 18) fetchesthe cell dataout of the CELL_FIFO in
registerloadsof 32 bit each,encodeghemby calling the “load_reg_encodeframe,adds
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load_reg_encode load_shreg

[shift_reg[42:38] =encdi{aux_reg[31:28]) )
(shift_regl37:23] = encdiaux_reg[27:24]) )
[shift_reg[32:28] = encdiaux_reg[Z3:200) )
(shift_reg[2?:23] =encdfaux_reg(13: 16D j

(shift_reg4743] ="11001" )

shiftreq = shift_reg

(shift_reg[22:18] = encdiauz_reg[15:12]) ) Cont_Onlsr_ready)
[shift_regh 7131 = encdiaus_req[11:28] ) clearsr_strobe)
(shift_regl12:E] = encd{aux_regl7:4D) | <hift_payload

[shift_reg[?:S] = encdiaux_reg[2:00) )

display_dir=vertical

Figure 17: The load reg_encodeframe encodeghe cell dataandthe load shreg frame
passeshethe headedatato the shift register

thecell-data-start-charactét10001") in front of eachregisterloadandpassesheloadto

the shift register Sincethe payloadis 48 byteslong, thisis performedn aloop whichis
repeated 2 times.

shift_payload

set{Cell_read
Cont_On(Cell_write)

lead_req_encode
setiCell_loaded)
clear(Cell_read
Cont_On{lCell_write)

CTeariCall_loads )

Cont_Onisr_ready)
shift_reqd743] = "10001"

set(sr_strobe)
shiftreg = shift_reg

Cont_On(sr_ready)

counter=Ifsr

cleartbusy)

display_dir=vertical

Figurel8: Theload shrey framepasseshe headedatato the shift register

4.3.4 The SRC-FSM

Thegraphicalrepresentationf the SRC-FSMis shavn in figure 19.
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Figure1l9: The SRCFSM. Theright handsidebox showvs the uppersix statesenlaged.

4.3.5 Simulation of the Module SRC

Figure20 shows the simulationresultsof the synthesizeanoduleSRC.The upperfigure
shownsthecell heademlandthefirst cell wordsencodedandpassedo theshift registet The
lower figure shavs how onecompletecell is encodedandpassedo the shift register

4.3.6 SynthesisResultsof Module SRC

The total reportcan be found in the attachment. The following is a summaryof the
synthesidigures.

Protocol: src
Conpile Style: nin_encoded
Conpile Effort: high

Control |l er Report

Initial Fi nal

St at es: 48 22

Transi ti ons: 85 36

State Vari abl es: 26 5
Control Inputs: 206
Action Triggers: 38
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Figure 20: Simulationof module SRC: Upperfigure: The cell headerandthe first cell
wordsarepasse@ncodedo theshiftregister Lowerfigure: Onecompletecell is encoded
andpassedo theshift register

Total conbi nati onal area 461.9
Tot al nonconbi nati onal 1043. 0
Total area 1504. 9

Del ay t hrough the comnbi nati onal

part of the FSM 3.28 ns ( 4.4 |1 ogic |evels)

Li brary:
7.00 gates per 1-bit D flipflop,
1. 00 gates per logical 2-bit NAND operation,
0.75 ns per logic |evel

4.4 The Receve Data Module (RD)

The Receve Datamoduleacceptsatafrom a shift register(not shavn in the block dia-
gram)attheoutputof the ATM switchandstoreshemin the FIFO_Out buffer.
The Receve Datamoduleis describedn two processesThe first procesgdakesthe
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4B/5B encodeddatafrom the shift registeranddecodegshemto 4 bit data. The second
processrunningin parallel,storeshe datain the FIFO_Out buffer.

4.4.1 The RDIN Frame

Figure21 shavsthetop frame(RDIN) of theRD module.Two endlesgsunningprocesses
areshavn. Both processeaccepif the FIFO_Outbuffer is not full.

RDIM

Irbuffer_full| (receive_cell

rhuffer_full

| — 1

T

I

c_ontrol_style=min_encoded

T

rbuffer_full| |store_cell
|

Fhuffer_full

| — |

I

c_ontrol_style=min_encoded

Figure21: The RDIN frameof the Receve DataModule

IF thefirst processacceptsthe“receive_cell” frameis executed IF thesecondorocess
acceptsthe*“store cell” frameis executed.

4.4.2 The“r eceve_cell” Frame

The“recewve_cell” frame (referto figure 22) acceptghe cell datafrom the shift register
attheoutputsideof the ATM switch. The“Cont . On()” templateframewaitsfor the shift
registerstrobe“sr_data” andtakesthe encodediatainto a 48-bit register The acknawl-
edgesignal“srdtataken” is raised.

If thefirst5 bit of thecell dataareequalto the“cell-start” specialkcharacte(“11001”"),
thefirst registerload (40 bit) is decodedn the“decoderegister” frameandpassedo the
“storeregister”’ framethereafter

If thefirst 5 bit of the shift registerload containthe shift registerstartspecialcharac-
ter(*10001"),the“decoderegister’frame(referto figure22)is calledandthestoreregister
frameis executedhereafterThissequences repeatedwelvetimes,to accepthe48bytes
of the payload.Unrolling the loop would leadto a higherarea thereforethe loop is kept
rolled andaloop counteris implemented.

4.4.3 The“store_cell” Frame

The*“store_cell frame” (seefigure 23) storesoneregisterload (32 bits) into the FIFO_Out
buffer, usingthe two-way-handshakingrotocol.
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recaive_cell

Cont_Onisr_strobe)

Cont_Onisr_strobe)

clear(srdta_taken)

decode_register

IF_THEN_ELSEChilf_reg[47:43] =="11001"
(decode(hilf_reg[42:38], out_req_h[31:28], err) )
(decode(hilf_reg[B?:BB], out_reg_h[27:24], err) )
err="11111" (decode(hilf_req[SZ:?S], out_req_h[23:20], err} )
(decode(hilf_reg[Z?:ZB], out_reg_h[19:16], err) )
(decode(hilf_reg[22:18], out_reg_h[15:12], err) )
:
= (decode(hllf_regh?:ﬂ], out_reg_h[11:8], err) )
2 (decode(hilf_reg[ﬂ:s], out_reg_h[7:4], err))
Cont_Cnlsr_strobe) -
R _req == _data (decode(hllf_reg[?ﬂl out_reg_h[3:0] er’r’))
set{srdta_taken)

clearfout_reg)

Cont_Onllsr_strobe)

clear(srdta_taken)

IF_THEN_ELSEChilf_regl47:43] == "10001"

G
0=

error = err

store_req

counter=Ifsr

Figure 22: The receve_cell frame decodeghe cell dataand the decoderegisterframe
decode®neregisterload

4.4.4 The*“decodereg” Frame

Theactionsin the“decodereg” frame(referto figure22) call thedecodeproceduran the
utilities packaggutilsrd.vhd).

The decodeprocedureholdsthe decodingtable of the 5B/4B decodingscheme.The
inputto thedecodingproceduras the40 bit registerload (without startcharacterandthe
resultof thedecodings a 32 bit wide bit string. An erroris returnedjf abit patternis not
foundin thetable.

4.45 The*“storereg” Frame
The “storereg” frame (seefigure 23) passene decodedregisterload (32 bits) to the
secondorocess.

4.4.6 The FSM Graphs

Figure 24 shows the two FSM'’s generatedy Dali in graphicalform, displayedby the
Xvcg program.

TheFSMontheleft handsidein figure 24 controlsthe“recewve_cell” frame,the FSM
ontheright handsidecontrolsthe “store.cell” frame.
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store_cell

store_reg Cont_Onlwrite_fifc)

setlwrite_fifo) setircell_rdy)

1
SUt_req = out_req_h reell_bus = out_reg
Cont_Oniwr_ack)

cleartwrite_fifo) Cont_On{write_fifo)

Cont_Onircell_fetch)

display_dir=vertical

Figure 23: The storereg frame passe®nedecodedegisterload to the secondprocess
andthestorecell framestoresoneregisterload (32 bits) into the FIFO_Out buffer

4.4.7 Simulation of the Module RD

Dali providesatestdrivertemplatewhich hasto be completedvith appropriatestimuli for
thesimulation.

Thefigures25and26 shav thesimulationresultsof thesynthetsizeanoduleRD. The
upperfigureshownsthecell heademandthefirst cell wordsdecodedandpassedo the shift
register (seefigure 25). The sr.datasignal (48 bits) showvs the encodeddatawith start
characterThercell_bussignal(32 bits) shavs the decodedlatawithout startcharacter

The secondigure (seefigure 26) shavs onecompletecell acceptedndpassedo the
FIFO_Out buffer.

4.4.8 SynthesisResultsof Module RD

The total reportcan be found in the attachment. The following is a summaryof the
synthesidigures.

Protocol: rd
Conpile Style: automatic
Conpile Effort: high

Control |l er Report

Initial Fi na
St at es: 261 (18, 5)
Transi tions: -- (38, 13)
State Vari abl es: 28 9=(5, 3)+1
Control Inputs: 245
Action Triggers: 43



reait b =

st s = 2t
st (o 2]

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

Esti mat ed size of protocol

FSM
conbi nati onal area 184.6
nonconbi nati onal area 70.0 (10 bits)
total area 254. 6
Counters required for repeat frames
conbi nati onal area 19.0 (assuning no sharing of decrenenters)
nonconbi nati onal area 28.0 (4 bits total)
total area 47.0

Vari abl es and ports

conbi nati onal area 388.0 (reset logic)
nonconbi nati onal area 1358.0 (194 bits total)
total area 1746.0

Conbi nati onal | ogic of
actions is NOT included

Total conbi national area 591.6
Tot al nonconbi nati onal 1456. 0
Total area 2047.6

Del ay t hrough the conbi nationa
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ITOPICLK_COM
TOP/RESET
ITOP/SR_STROBE

> TOPISR_DATA(47:0)

boot|  cAgssszDCFen | BCED7DSFEDFD | 6ASgSsZDCFaD

—

BCED7DEFADFD  [pAsass

TOP/SROTA_TAKEN ]—| |—| [
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B /TOP/RCELL_BUS(3T:0) 00000000 ‘ 12345678 ‘ 3ABCDEFD | 12345678 |5ABCD
TOP/RCELL_FETCH [ \ [ | |—|

TOPICELL_START
> TOP/ERROR(41)

Figure25: Simulationof moduleRD: Thecell headerlndthefirst cell wordsaredecoded
to the shift register

[TOPICLK_COM
[TOPRESET |
[TOP/SR_STROBE

B [TOP/SR_DATA(47:0) *|CAB”‘ ‘ECE*FABB*| 3CE* F\AEB*‘ BCE* F\ABB”‘| BCE* FABB*| 3CE* F\AEB*‘ BCE* ‘BAEBEEEDC*‘CA

[TOPISROTA_TAKEN

fTOP/RCELL_RDY

fTOP/RBUFFER_FULL

e ToPRCELL_BUs(at)  |[[oooofizsafsaarfizaa[aanr [izaar[asp [resar|saa [izaafaner zsafose ] 1zads
[TOPRCELL_FETCH
TQRICELL_START ﬂ FL
B [TOP/ERROR(40) \ oo

Figure26: Onecompletecell is acceptec@ndpassedo the FIFO_Out buffer.

part of the FSM 3.53 ns ( 4.7 logic |evels)

4.5 The AHT Output Module (AHT _OUT)

The AHT outputmoduleAHT _OUT fetchesthe datafrom the FIFO_Out buffer andsets
thematthe outputline, 8 bits perclock cycle, if the outputchanneis free.

The AHT output moduleis describedin two processes.The first processfetches
the datafrom the FIFO_Out buffer in portionsof 32 bits and passeshemto the second
process.The secondprocessputsthe cell dataconsecutrely - without datagap- 8 bit
parallelperclock cycle atthe outputline, if the outputchanneis free.

451 The AHTOUT Frame

Figure27 shavs the top frame (AHTOUT) of the AHT _OUT module. Two endlesgun-
ning processeareshovn. Both processeacceptf thesignal“chanbsy” is notactve.
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AHTOUT

lchan_bsy| [fetch_cell

han_hb
chan sy

c_ontrol_styIe=min_encoded

Hl

lchan_bsy| [xmit_cell

han_h
chan sy

c_ontrol_styIe=min_encoded

Hf

Figure27: The AHTOUT frame.

IF thefirst processacceptsthe “fetch_cell” frameis executed.IF the secondorocess
acceptsthe“xmit _cell” frameis executed.

4.5.2 The “fetch_cell” Frame

The“fetch_cell frame” (referto figure 28) fetchesthe cell datavia a two-way handsha&
protocolfrom the FIFO_Out buffer manager The “read.cell” signalalertsthe FIFO_Out
manageto set32 bits of cell dataatthe“rcell_data’line.

The“fetch_cell” framepasseshe cell datato the xmit_cell frame.

It is important,thatthe two-way handsha& protocoldoesnot take morethan4 clock
cyclesof the“Clk _ahtout” to transmitthe 4 bytesof cell data.

45.3 The “xmit _cell” Frame

The“xmit_cell” frame(referto figure 28) recevesa “transmit” signalfrom thefirst pro-
cessin casecell datais available. It sendsa “cell_presync’signalout, oneclock cycle
aheadof the cell data. Thefirst cell byte is seton the outputdataline togethemwith the
“cell_syncout” signal. The “xmit_cell” frame partitionsone 32 bit registerload of cell
datainto partsof 8 bit andputsthemconsecutiely on the outputline, onebyte perclock

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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fetch_cell

Cont_Onircell_write)

Cont_Onireg_taken)

setiroell_read)

Cont_Onircell_write)

writ_cell

Cont_Cnitransmit)

seticell_sync_outh
data_out = hilf[21:24]

data_out = hilf[23:1E]
clearicell_prasynd
clearireg_taken)

data_out = hilf[15:2]
clear(cell _sync_out)

smit_dhytes

data_out = hilf[31:24]

data_out = hilf[23:1E]
clear(req_taken)

data_out = hilf[15:2]

data_out = hilf{7:0]
hilF = cell_req

clearircell_read)
Cont_On(req_taken)
setircell_read) counter=Ifsr
- 1| (data_cut = hilfl31:24]
counter=Ifsr

Cont_onireel|_write) data_out = hilf[23:16]
cell_reg = rcell_data clearireg_taken)
clearircell_read) data_out = hII158]

display_dir=vertical

set(req_taken)
11

display_dir=vertical

display_dir=vertical

Figure 28: The fetch.cell frame fetchesthe cell datafrom the FIFO_Out buffer, the
“xmit_cell” frame puts one byte each per clock cycle on the output line and the
xmit_4bytesframeasa subframeof “xmit _cell” sets4 byteson thedataoutline

4.5.5 The FSM Graphs

Figure 29 shows the two FSM'’s generatedy Dali in graphicalform, displayedby the
Xvcg program.

The FSM on theleft handsidecontrolsthe “fetch_cell” frame. The FSM on theright
handsideof figure 29 controlsthe“xmit _cell” frame.

45.6 Simulation of the Module AHT _Out

Dali providesatestdrivertemplatewhich hasto be completedvith appropriatestimuli for
thesimulation.

Thefollowing figuresshav thesimulationresultsof thesynthesizednoduleAHT _Ouit.

The upper figure shavs the cell headerand the first cell words fetchedfrom the
FIFO_Out buffer andpassedo the outputline (seefigure 30).

The secondigure (seefigure 31) shovs onecompletecell passedo the outputline.
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Figure29: Ontheleft handside: FSM of the “fetch_cell” frame. On theright handside:
FSM of 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
synthesidigures.

Control |l er Report

Initial Fi na
St at es: 543 (10, 20)
Transitions: -- (23, 27)
State Vari abl es: 31 10=(4,5) +1
Control Inputs: 120
Action Triggers: 42
Total conbinational area  402.5
Tot al nonconbi nati onal 735.0
Total area 1137.5

Del ay t hrough the conbi nati ona
part of the FSM 2.61 ns ( 3.5 logic levels)

%enddocument
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fTOP/CLK_AHT_QUT

FTOP/RNEW _CELL
TOP/RCELL_READ
TOP/RECELL_WRITE

= TOP/RCELL_DATA(31)
FTOP/CELL_PRESYNC
FTOP/CELL_SYNC_OUT

= TOPDATA_OUT(70)
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Figure30: Simulationof moduleAHT _Out: The cell headerandthefirst cell wordsare
fetchedfrom the FIFO_Out buffer andpassedo the outputline.
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TOPRMNEW CELL J_
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B TOPRCELL_DATA(310) |||[0000+k34se+|aass7er bseraberoa| 6769+ [7asa+[soas+ [aapcascoBCor-[coFo [DF0T+| Foizaass fadsefaas:
TOPICELL_PRESYNC [ ] [ ]
TOPICELL_SYNC_OUT [ 1
YA | 5233232323 232323 33330 A A A A

{TOPICHAN_BSY
[TOP/RESET

Figure31: Onecompletecell is passedo the outputline.

5 Summary of the Results

Theresultsof thePC™ synthesigor themodulesAHT _IN, HT, SRC,RD andAHT _OUT
andtheappropriatgprocesseareshavn ontheright handsideof thetable2. Thestateof
the processemultiplied with theclock cycle time area measurdor the executiontime of
the processnot countingthe loops. Oneof the PC™ outputsis a RT-VHDL description
which is simulated(seeabove) andfed to the DesignCompiler™, in orderto performa
Logic Synthesisand optimization. The resultsof the Logic Synthesigplus optimization
regardingthe cell areaand delayare shavn. As targettechnologylibrary a “logic cell
array” library (LCA300k) is used.Thetime constraintfor the clock cycle is setto 20 ns.
Thefollowing optionsaresetfor the PC synthesis:

e Controlstyle: Binary-minencoded

e Architectureused: “Partitioned Controller” for the following modules: AHT_IN,
RD, AHT _OUT.

“Single Controller”for themodulesHT andSRC.
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Behavioral VHDL

L Protocol Compiler
Description

Logic Synthesis
Lib: LCA300k
Constr. set to 20 ns

o || o

Modul  Process _E % Cell | Delay

c » || Area (ns)

AHT_IN AT il Bl 2047 | 6.69
Payload 30 29

HT Htproc 56| 8| 2516 | 4.77
RCIN ol |

RC |
RCOUT 22

SRC Shiftproc | 123 || 22 2019 6.44
cC CCin 152

RDIN 158 || 18
RD —{| 2186 | 6.67

RDOUT 20 5

AHTOUT | 35 || 10
AHT_OUT ——| 1263 4.70

AHTOUT T | 35 || 20

Table2: Synthesigesultsof five ASC modulesusingthe ProtocolCompiler

e “Use Counters’for all loopswith afixednumberof loop traversals.

The PC version1998.08is used. The run time for synthesisand code generation
performedona SUN'M Ultra 5 is afew secondgor eachof the above five modules.

Thedescriptiondor the modulesaregraphicallygeneratedn symbolicform. ThePC
deliversanoutputfor all modules.

6 Conclusion

The ProtocolCompilerfrom Synopsys™ is usedto describethe behaior of five control
orientedATM Switch Controllermodules.Theadwantageof this graphicalrepresentation
methodis, thatadesigncanbedescribedast,compactandwell comprehensiblallowing
shortdesigncyclesfor datatransmissiorandprotocollogic circuits.

7 Acknowledgment

Thanksto Ulli Holtmannfrom Synopsy$™ Corp.,who gave memary valuablehintshow
to usethe ProtocolCompilet
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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-tuebi ngen. de/ hone/w ange/ hi | an/ aht/ ahtin_dali/ahtin. pdb
Information: Renoving prior stored synthesis information from ahtin.pdb (PCC9)
Creating initial circuit

Inserting LFSR for repeat operator count=5

Optimizing logic structure

style = automatic

Anal yzi ng Protocol

shel | =0 states=1 (controller states)

shel I =1 states=6 (controller states)

shel | =2 states=11 (controller states)

optimzing...

shel | =3 states=18 (control |l er states)
shel | =4 states=27 (controller states)
shel | =5 states=38 (controller states)
shel | =6 states=58 (controller states)
shel | =7 states=74 (controller states)
shel | =8 states=83 (controller states)
shel | =9 states=92 (controller states)
shel | =10 states=101 (controller states)
shel | =11 states=110 (controller states)

shel | =12 states=119 (controller states)
shel | =13 states=128 (control |l er states)
shel | =14 states=137 (controller states)
shel | =15 states=146 (controller states)
shel | =16 states=155 (controller states)
shel | =17 states=164 (controller states)
shel | =18 states=173 (control |l er states)
shel | =19 states=182 (control |l er states)
shel | =20 states=191 (controller states)
shel | =21 states=200 (controller states)
shel | =22 states=209 (controller states)
shel | =23 states=218 (control |l er states)
shel | =24 states=227 (controller states)
shel | =25 states=236 (controller states)
shel | =26 states=245 (controller states)
shel | =27 states=254 (controller states)
shel | =28 states=279 (controller states)
shel | =29 states=290 (controller states)
shel | =30 states=299 (controller states)
shel | =31 states=308 (controller states)

node states state vars nane
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 : 70 1:6 ] Cont _On
12 : 70 1:6 ] Cont _On
13 : 70 1:6 ] sequence
16 : 6 : [ 2:6 ] if
17 6 : [ 2:6 ] sequence
18 : 6 : [ 2:6 ] sequence
19 : 5: [ 2:5 ] capt ure_4Bdat a
20 : 5: [ 2:5 ] capt ure_4Bdat a
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 0 [ 10:30 ] process_payl oad
42 35 0 [ 10:30 ] process_payl oad
43 35 0 [ 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 ] capt ure_4Bdat a
53 : 5: [ 11:14 ] capt ure_4Bdat a
54 : 5: [ 11:14 ] sequence
59 : 18 : [ 15:23 ] r epeat
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>

Conpi |l ing partitions

Extracting ahtin_dali_part_/2

Initial (9 state vars, 9 actions)

10 states

Creating state graph for ahtin_dali_part_/2
Sinmplifing transitions

Sinplified 10 transition(s)

Initial (10 states, 20 transitions)

M nim zing state graph ahtin_dali_part_/2

Final (8 states, 15 transitions)

Encodi ng using mininumbits and binary codes
Converting to circuit REDUCED ahtin_dali_part_/2
Sinplifying | ogic equations.

Usi ng CASE statenent action block: 9 actions 6 triggers used, 6 cases
Mer gi ng VC_M NENC_REDUCED_ahtin_dal i _part_/2
Final (3 state vars, 10 actions)

Extracting ahtin_dali_part_/38

Initial (22 state vars, 30 actions)

36 states

Creating state graph for ahtin_dali_part_/38
Sinplifing transitions

Sinplified 35 transition(s)

Initial (36 states, 48 transitions)

M nim zing state graph ahtin_dali_part_/38

Final (29 states, 36 transitions)

Encodi ng using mininumbits and binary codes
Converting to circuit REDUCED ahtin_dali_part_/38
Sinplifying | ogic equations.

Sinplified 8 logic functions

Usi ng CASE statenent action block: 30 actions 20 triggers used, 19 cases
Mer gi ng VC_M NENC_REDUCED_ahti n_dal i _part_/38

Final (5 state vars, 31 actions)
Final wiring of ahtin_dali_part
Top level controller inplemented in distributed style using 1 state var

Input File: /afs/informatik.uni-tuebingen.de/home/w ange/ hilan/aht/ahtin_dali/ahtin.pdb
Protocol: ahtin_dali
Conpile Style: automatic
Conpile Effort: high
Control | er Report
Initial Fi nal
States: 308 (8,29)
Transitions: -- (15, 36)
State Variabl es: 32 9=(3,5) +1
Control Inputs: 178
Action Triggers: 39
Cl eani ng up
Optimzing logic structure
Estimating control logic...
Net wor k optim zation of control |ogic

area del ay
[ND2] [logic |eves]

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

Esti mated size of protocol:

FSM
conbi national area 177.3
nonconbi nati onal area 70.0
total area 247.3

(10 bits)
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Counters required for repeat frames

conbi national area 14.0 (assuming no sharing of decrenenters)
nonconbi nati onal area 21.0 (3 bits total)
total area 35.0

Vari abl es and ports

conbi national area 332.0 (reset logic)
nonconbi national area 1162.0 (166 bits total)
total area 1494.0

Conbi national |ogic of
actions is NOT included

Total conbinational area 523.3

Total nonconbi nati onal 1253.0

Total area 1776.3

Del ay through the conbinational

part of the FSM 2.52 ns ( 3.4 logic levels)
Li brary:

7.00 gates per 1-bit D flipflop,
1.00 gates per logical 2-bit NAND operation,
0.75 ns per logic |evel

Storing data

Witing ahtin.pdb+ (synthesized pdb)

8.1.2 The Logic SynthesisReport for AHT _IN

Behavi oral Conpiler (TM
DC Professional (TM
DC Expert (TM
FPGA Conpiler (TM
VHDL Conpiler (TM
HDL Conpiler (TM
Library Conpiler (TM
Power Conpiler (TM
Test Conpiler (TM
Test Conpiler Plus (TM
CTV-Interface
ECO Conpiler (TM
Desi gnPower (TM

Ver sion 1998.08 -- Jun 25, 1998
Copyright (c) 1988-1998 by Synopsys, |nc.
ALL RI GHTS RESERVED

This programis proprietary and confidential information of Synopsys, Inc.
and may be used and disclosed only as authorized in a |icense agreement
control ling such use and discl osure.

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

anal yze -f vhdl ht_syn.vhd

Loading db file '/afs/informatik. uni-tuebingen.de/ti/synopsys/1998.8/Iibraries/syn/standard.sldb’
Loading db file '/afs/informatik. uni-tuebingen.de/ti/synopsys/1998.8/1ibraries/syn/gtech.db’
Loading db file '/afs/informatik. uni-tuebingen.de/ti/synopsys/1998.8/Iibraries/syn/lca300kv.db’
Reading in the Synopsys vhdl primtives.

[ af s/i nformati k. uni -t uebi ngen. de/ hone/ W ange/ hi | an/ aht/ht _dal il s/ ht_syn. vhd:

1

el aborate ht
Inferred nenory devices in process ' PC_PROC

inroutine ht line 142 in file
'/ af s/informatik. uni-tuebingen.de/ home/w ange/ hi | an/ aht/ht_dal il s/ht_syn.vhd’ .

| Regi ster Name | Type | Wdth | Bus | M| AR| AS| SR| SS| ST |
| Address_reg | Flip-flop | 16 | Y| N | N | N | NJ|JN]JN/|
| Header _reg | Flip-flop | 48 | N | N | 2 |2 | 2?2 |? |?]|
| fwg_reg | Flip-flop | 1 | - | - | N| N | NJ|JN/|N/|
| hd_fetch_reg | Flip-flop | 1 | - | - | N| N | NJ|JN/|N/|
| headout _reg | Flip-flop | 48 | Y| N | N|NJ|NJ|JN]|N/
| pc_state_reg | Flip-flop | 3 | Y | N | N| NJ|NJ|JN]|N/
| rt_addr_reg | Flip-flop | 16 | Y| N|] N|NJ|NJ|JN/]|N/
| rt_read_reg | Flip-flop | 1 | - | - | N| N | NJ|JN/|N/|
| rtag_reg | Flip-flop | 16 | Y | N | N| NJ|NJ|JN]|N/
| rtdata_reg | Flip-flop | 40 | Y | N|] N| NJ|NJ|JN]|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 G k_AHT_In -period 25 */
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create_clock d

1

k_com -period 20
Perfornming create_clock on port 'C k_coni.

/* otherw se, the delays would exceed the 25 ns! */

conpile -map_effort medium

Loading target library '|ca300kv’
Warning: Multibit library
Warning: Multibit library
Warning: Multibit library
Warning: Multibit library
Warning: Multibit library
Warning: Multibit library
Warning: Multibit library
Warning: Multibit library
Warning: Multibit library
Warning: Multibit library
Warning: Multibit library
Warning: Multibit library
Warning: Multibit library
Warning: Multibit library

Warning: Library cell
¢ Library cell
Loadi ng design ' ht’

VAr ni ng:

cell 'FD2X4'" will not be used in nultibit optinzation.
cell 'FD2X2' will not be used in nultibit optinization.
cell *FD4X4L' will not be used in nultibit optinization.
cell 'LD1X4'" will not be used in nultibit optinization.
cell *"FD3X4L' will not be used in nmultibit optimnzation.
cell 'FD3X4" will not be used in multibit optimnzation.
cell "FD3X2' will not be used in multibit optimnzation.
cell "FD2X4L' will not be used in multibit optimnzation.
cell "FD1X4" will not be used in multibit optimnzation.
cell "FD1X2' will not be used in multibit optimnzation.
cell 'FD4X4" will not be used in multibit optimnzation.
cell "FD4X2' will not be used in nmultibit optimnzation.
cell 'LD1X4P'" will not be used in nultibit optinization.
cell *FD1X4L' will not be used in nultibit optinization.

Begi nni ng Resource Allocation (constraint driven)

Structuring ’
Mappi ng ' ht’

ht*

Al locating blocks in ' ht’
Al ocating blocks in 'ht’

Begi nni ng Mapping Optini zations (Mediumeffort)

Structuring ’
Mappi ng ' ht’

ht’

I nformation: Changed wire |oad nodel for "ht’' from'BOX0' to 'B2X2'. (OPT-170)

TRI

TOTAL NEG DESI GN RULE

ALS AREA DELTA DELAY SLACK cosT

Transferring

TOTAL NEG DESI GN RULE
ALS AREA DELTA DELAY SLACK COosT
3973.1 0. 00 0.0 0.7
3972.1 0. 00 0.0 0.7
3971.1 0. 00 0.0 0.7
Begi nni ng Area- Recovery Phase (cleanup)
TOTAL NEG DESI GN RULE
ALS AREA DELTA DELAY SLACK COoSsT
3956. 3 0. 00 0.0 0.7
3946. 9 0. 00 0.0 0.7
w. |
3479.9 0. 00 0.0 0.7
3478.9 0. 00 0.0 0.7
Conpl et e
Design 'ht’ to database ’ht.db’
is "ht'.

Current design
1

report_area

I nformation: Updating design information... (U D 85)

Ik kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkk ok ok ok k ok

Report : area
Design : ht
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(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(CPT- 918)
(CPT- 918)
(CPT-918)
(CPT- 918)
(CPT- 918)
(CPT-918)
(CPT-918)
(CPT-918)
(OPT-918)
(OPT-918)

' FDN1S' coul d not be nodel ed for sequential mapping. (OPT-1201)
" FDN1SP' coul d not be nodel ed for sequential mapping. (OPT-1201)



Ver si on: 1998. 08
Dat e : Mon Mar 27 16:33:32 2000

Ik kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkk ok kk ok k k

Li brary(s) Used:

| ca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db)

Nunber of ports: 145
Number of nets: 831
Number of cells: 539
Number of references: 20
Conbi national area: 402. 000000
Nonconbi nati onal area: 2134. 000000
Net I nterconnect area: 942. 890564
Total cell area: 2536. 000000
Total area: 3478. 890625
1

report_timng

R e R e R S T T T

Report : timing

-path full
-del ay max
-max_paths 1
Design : ht
Version: 1998. 08
Dat e : Mon Mar 27 16:33:32 2000

ok kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkk ok kk ok k k

Operating Conditions: NOM Library: |ca300kv
W re Loadi ng Mbdel Mde: enclosed

Desi gn W re Loadi ng Mdel Li brary

ht B2X2 | ca300kv

Startpoint: pc_state_reg<2>
(rising edge-triggered flip-flop clocked by Ck_com
Endpoi nt: Header _reg<4>
(rising edge-triggered flip-flop clocked by O k_com
Path Group: Ck_com
Path Type: max

Poi nt I ncr Pat h
clock A k_com (rise edge) 0.00 0.00
cl ock 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 (I1'VP) 0.28 2.56 r
U616/ Z (ND2) 1.29 3.85 f
U605/ Z ( AC4) 0.46 4.31r
Header _reg<4>/ D ( FDS2L) 0. 00 4.31r
data arrival time 4.31
clock O k_com (rise edge) 20. 00 20. 00
clock network delay (ideal) 0. 00 20. 00
Header _r eg<4>/ CP ( FDS2L) 0. 00 20.00 r
library setup tinme -0.61 19. 39
data required tinme 19. 39
data required tinme 19. 39
data arrival time -4.31
sl ack (MET) 15. 08

1

conpil e -map_effort nedi um -boundary_optinmi zation
Loadi ng design 'ht’
Begi nni ng Mapping Optimni zations (Mediumeffort)

Structuring 'ht’
Mappi ng "’ ht’

TOTAL NEG DESI GN RULE
TRIALS AREA DELTA DELAY SLACK cosT
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Begi nni ng Phase 1 Design Rule Fixing

TOTAL NEG DESI GN RULE

TRIALS AREA DELTA DELAY SLACK COosT
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 renoved. wl.

1 4034.9 0. 00 0.0 0.7
1 4033.9 0. 00 0.0 0.7
0

67

Begi nni ng Area- Recovery Phase (cleanup)
TOTAL NEG DESI GN RULE
TRI ALS AREA DELTA DELAY SLACK COoSsT
3 4021. 2 0. 00 0.0 0.7
3 4013.5 0. 00 0.0 0.7
trials renoved. w.l

19 3451.5 0. 00 0.0 0.7
7 3450.5 0. 00 0.0 0.7
0

Optim zation Conpl ete

Transferring Design '"ht' to database 'ht.db’
Current design is 'ht'.
1

report_area
I nformation: Updating design information... (U D 85)

ok kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkk ok k k

Report : area

Design : ht
Ver si on: 1998. 08
Dat e : Mon Mar 27 16:34:14 2000

Ik kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkk ok k ok k ok

Li brary(s) Used:

| ca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db)

Nunber of ports: 145
Number of nets: 824
Number of cells: 532
Number of references: 18
Conbi nati onal area: 382. 000000
Nonconbi nati onal area: 2134. 000000
Net | nterconnect area: 934. 453064
Total cell area: 2516. 000000
Total area: 3450. 453125
1

report_tining
-

Report : timing

-path full
-del ay max
-max_paths 1
Design : ht
Version: 1998. 08
Dat e : Mon Mar 27 16:34:14 2000

R e R R T T Y

Operating Conditions: NOM Library: |ca300kv
W re Loadi ng Mbdel Mde: enclosed

Desi gn W re Loadi ng Mdel Li brary

ht B2X2 | ca300kv

Startpoint: pc_state_reg<l>
(rising edge-triggered flip-flop clocked by Ck_com
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Endpoi nt: Header _reg<5>

(rising edge-triggered flip-flop clocked by dk_com
Path Goup: Ck_com
Path Type: max

Poi nt I ncr Pat h
clock O k_com (rise edge) 0. 00 0.00
clock network delay (ideal) 0. 00 0.00
pc_state_reg<l>/ CP (FDS2) 0. 00 0.00 r
pc_state_reg<l>/ QN ( FDS2) 1.12 1.12 r
U1191/Z (ND4) 1. 47 2.60 f
u1224/Z (1VP) 0.26 2.86 r
U1236/ Z (ND2) 0. 90 3.75 f
U1235/ 71 (B2l) 0. 30 4.05r
U1235/ Z22 (B2l) 0.44 4.49 f
U1209/ Z (AC%) 0.28 4.77 r
Header _r eg<5>/ D ( FDS2L) 0.00 4.77 r
data arrival time 4.77
clock O k_com (rise edge) 20. 00 20. 00
clock network delay (ideal) 0. 00 20. 00
Header _r eg<5>/ CP ( FDS2L) 0. 00 20.00 r
library setup tine -0.59 19. 41
data required tine 19. 41
data required tine 19. 41
data arrival tine -4.77
slack (MET) 14. 64

1

qui t

1

dc_shel | >

Thank you. ..

8.2 HeaderTranslator Module HT
8.2.1 The Dali SynthesisReport for HT

Processing /afs/informatik. uni-tuebi ngen. de/ home/ W ange/ hi | an/ aht/ ht _dal i / ht. pdb
I nformation: Rermoving prior stored synthesis information from ht.pdb (PCC 9)
Creating initial circuit

Creating action logic for analysis.

Pat chi ng control logic...

Optimzing logic structure

style = min_encoded

Anal yzi ng Protocol |ncluding Datapath

shel | =0 states=1 (controller states + datapath vari abl es)

shel | =1 states=3 (controller states + datapath vari abl es)

shel | =2 states=5 (controller states + datapath variabl es)
optim zing. ..

shel | =3 states=6 (controller states + datapath variabl es)
shel | =4 states=8 (controller states + datapath variabl es)
shel | =5 states=9 (controller states + datapath variabl es)
shel | =6 states=10 (control |l er states + datapath variabl es)
shel | =7 states=12 (control |l er states + datapath variabl es)

shel | =8 states=14 (control |l er states + datapath variabl es)
states of controller=14 (excludes vari abl es)

Converting to state graph

Pruni ng unreachabl e states due to datapath)

Sinplifing transitions

Dunpi ng state graph ht.gdl

Launching state graph viewer...

xveg ht. gdl

M ni m zing state graph

Encodi ng using mninumbits and binary codes

Dunpi ng state graph REDUCED_ht. gdl

Launching state graph viewer. ..

xvcg REDUCED ht. gdl|

Converting to circuit

Sinplifying | ogic equations.

Usi ng CASE statenent action block: 14 actions 8 triggers used, 9 cases

Input File: /afs/informatik.uni-tuebingen.de/hone/w ange/ hilan/aht/ht_dali/ht.pdb
Protocol: ht
Conpil e Style: nmin_encoded
Conpile Effort: high

Control |l er Report
Initial Fi nal
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St at es: 14 8

Transi tions: 25 13

State Vari abl es: 14 3
Control |nputs: 288
Action Triggers: 14

Cl eani ng up

Optimzing logic structure

Estimating control logic...

Net wor k optim zation of control |ogic
area delay
[ND2] [logic |eves]

initial 118 4.4
sweep 72 3.8
structure(area) 57 4.0
structure(tds) 82 6.0
r edund 60 5.8
sweep 53 4.8
structure(area) 53 3.2
sweep 53 3.2
Estimated size of protocol:
FSM
conbi national area 62.9
nonconbi national area 35.0 (5 bits)
total area 97.9

Counters required for repeat frames

conbi national area 0.0 (assuning no sharing of decrenenters)
nonconbi nati onal area 0.0 (O bits total)
total area 0.0

Vari abl es and ports

conbi national area 424.0 (reset logic)
nonconbi national area  1484.0 (212 bits total)
total area 1908.0

Conbi national |ogic of
actions is NOT included

Total conbinational area
Total nonconbi nati onal 1519.0
Total area 2005.9

Del ay through the conbinational
part of the FSM 2.43 ns ( 3.2 logic levels)

Li brary:
7.00 gates per 1-bit D flipflop,
1.00 gates per logical 2-bit NAND operation,
0.75 ns per logic |evel

Storing data

Witing ht.pdb+ (synthesized pdb)

8.2.2 The Logic SynthesisReport for HT

Behavi oral Conpiler (TM
DC Prof essional (TM
DC Expert (TM
FPGA Conpiler (TM
VHDL Conpiler (TM
HDL Conpiler (TM
Library Conpiler (TM
Power Conpiler (TM
Test Conpiler (TM
ECO Conpiler (TM
Desi gnWare Devel oper (TM
Desi gnPower (TM

Ver sion 1998.08 -- Jun 25, 1998
Copyright (c) 1988-1998 by Synopsys, |nc.
ALL RI GHTS RESERVED

This programis proprietary and confidential information of Synopsys, Inc.
and may be used and disclosed only as authorized in a |license agreenent
control ling such use and discl osure.

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

anal yze -f vhdl ht_syn.vhd

Loading db file '/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/Iibraries/syn/standard.sldb’
Loading db file '/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/1ibraries/syn/gtech.db’
Loading db file '/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/Iibraries/syn/lca300kv.db’
Reading in the Synopsys vhdl primtives.

[ af s/i nformati k. uni -t uebi ngen. de/ hone/ W ange/ hi | an/ aht/ht _dal il s/ ht_syn. vhd:

1

el aborate ht
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Inferred nenory devices in pro
inroutine ht line 142 in file

cess ' PC_PROC

"/ af s/informatik. uni-tuebingen. de/ home/w ange/ hi | an/ aht/ht _dalils/ht_syn.vhd' .

| Regi ster Name | Type | Wdth | Bus | M| AR| AS| SR| SS| ST |
| Address_reg | Flip-flop | 16 | Y| N | N | N | NJ|N]JN/
| Header _reg | Flip-flop | 48 | N | N | 2?2 |2 |2 |2 |?|
| fwag_reg | Flip-flop | 1 | - | - | N|] N | NJ|N]JN/|
| hd_fetch_reg | Flip-flop | 1 | - | - | N|] N | NJ|N]JN/
| headout _reg | Flip-flop | 48 | Y| N | N | N | NJ|N]JN/|
| pc_state_reg | Flip-flop | 3 | Y| N | N | N | NJ|N]JN/
| rt_addr_reg | Flip-flop | 16 | Y| N|] N|NJ|N]|JN]|N/
| rt_read_reg | Flip-flop | 1 | - | - | N| N | NJ|JN/|N/
| rtag_reg | Flip-flop | 16 | Y | N|] N|NJ|N]|JN]|N/
| rtdata_reg | Flip-flop | 40 | Y| N|] N|NJ|NJ|JN]|N/
| vpi vci _reg | Flip-flop | 24 | Y| N|] N|NJ|NJ|JN]|N/
Current design is now 'ht’

1

/* set_operating_conditions wccom */

/* create_clock G k_AHT_In -period 25 */

create_clock clk_aht_in -period 20

Warning: Can't find object 'clk_aht_in" in design 'ht'. (U D 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 <cl ock_nane> (nane for the clock)

-period <period_val ue> (period of the clock)

-wavef or m <edge_| i st > (alternating rise, fall times for 1 period)

0

/* otherwi se, the delays would exceed the 25 ns! */

conpile -map_effort medium

Loading target library 'lca3
Warning: Miltibit library cell
Warning: Miltibit library cell
Warning: Miltibit library cell
Warning: Miltibit library cell
Warning: Miltibit library cell
Warning: Multibit library cell
Warning: Multibit library cell
Warning: Multibit library cell
Warning: Multibit library cell
Warning: Multibit library cell
Warning: Multibit library cell
Warning: Multibit library cell
Warning: Multibit library cell
Warning: Multibit library cell
Warning: Library cell 'FDNLS
Warning: Library cell 'FDNLSP

Loadi ng design 'ht’
Information: Design 'ht' has n

Begi nni ng Resource Allocatio

Al l ocating blocks in 'ht’
Al l ocating blocks in 'ht’

Begi nni ng Mappi ng Opti mi zati
Structuring 'ht’
Mappi ng ' ht’

I nformation: Changed wire | oad

TRIALS

AREA

Desi gn Rul

-
o A~BMAD
NNNNNNN

00kv’
'FD2X4' will not be used in nultibit optinization. (OPT-918)
'FD2X2' will not be used in nultibit optinization. (OPT-918)
'FD4X4L' will not be used in nultibit optimization. (OPT-918)
"LD1X4" will not be used in nultibit optinization. (OPT-918)
'FD3X4L' will not be used in nultibit optimnization. (OPT-918)
'FD3X4" will not be used in multibit optimzation. (OPT-918)
"FD3X2' will not be used in multibit optimzation. (OPT-918)
'FD2X4L' will not be used in nultibit optimzation. (OPT-918)
'FD1X4'" will not be used in nmultibit optimzation. (OPT-918)
"FD1X2' will not be used in nmultibit optimzation. (OPT-918)
'FD4X4" will not be used in nmultibit optimzation. (OPT-918)
"FD4X2' will not be used in multibit optimzation. (OPT-918)
"LD1X4P" will not be used in nultibit optimzation. (OPT-918)
"FDLX4L' will not be used in nultibit optimzation. (OPT-918)
could not be nodel ed for sequential nmapping. (OPT-1201)
coul d not be nodel ed for sequential napping. (OPT-1201)
o optimization constraints set. (OPT-108)
n (area only)
ons (Mediumeffort)
nodel for "ht’' from'BOX0' to 'B2X2'. (OPT-170)
TOTAL NEG DESI GN RULE
DELTA DELAY SLACK QcosT
e Fixing (max_capacitance)
TOTAL NEG DESI GN RULE
DELTA DELAY SLACK COoST
0. 00 0.0 10.6
0. 00 0.0 9.4
0. 00 0.0 8.8
0. 00 0.0 7.7
0. 00 0.0 7.1
0. 00 0.0 6.2
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

Begi nni ng Area- Recovery Phase (cleanup)
TOTAL NEG DESI GN 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

Transferring Design "ht' to database 'ht.db’
Current designis '"ht'.
1

report_area
I nformation: Updating design information... (U D 85)

ok kkkkkkkkkkkkkkkkkkkkkkkkkhkkkk ok ok kk ok ok k k

Report : area

Design : ht
Version: 1998. 08
Dat e : Tue Nov 23 11:05:20 1999

R e R E R S R R T Y

Li brary(s) Used:

| ca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db)

Nunber of ports: 145
Nunber of nets: 750
Nunber of cells: 458
Nunber of references: 21
Conbi nati onal area: 381. 000000
Nonconbi nati onal area: 2138. 000000
Net | nterconnect area: 879. 609314
Total cell area: 2519. 000000
Total area: 3398. 609375
1

report_timng

R e R R T T Y

Report : timing

-path full
-del ay max
-max_paths 1
Design : ht
Versi on: 1998. 08
Dat e : Tue Nov 23 11:05:20 1999

ok kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkk ok ok kk k

Operating Conditions: NOM Library: |ca300kv
Wre Loading Mbdel Mde: enclosed

Desi gn Wre Loadi ng Mdel Li brary

ht B2X2 | ca300kv

Startpoint: rt_addr_reg<l5>
(rising edge-triggered flip-flop)
Endpoi nt: rt_addr<15>
(output port)
Path G oup: (none)
Path Type: max

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)

1
conpil e -map_effort nedi um -boundary_opti mi zation

Loadi ng design ' ht’
Information: Design 'ht' has no optimzation constraints set. (OPT-108)

Begi nni ng Mapping Optim zations (Mediumeffort)

Structuring 'ht’
Mappi ng ' ht’

TOTAL NEG DESI GN RULE
TRIALS AREA DELTA DELAY SLACK COosT

Begi nni ng Phase 1 Design Rule Fixing (max_capacitance)

TOTAL NEG DESI GN RULE
TRIALS AREA DELTA DELAY SLACK cosT

4 3583. 8 0.00 0.0 10.2

trials renoved. w.l.

1 3511.9 0.00 0.0 0.7
1 3510.9 0.00 0.0 0.7
0

383

Begi nni ng Area- Recovery Phase (cleanup)

TOTAL NEG DESI GN 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 renoved. wl.

3 3372.7 0.00 0.0 0.7
3 3371.7 0.00 0.0 0.7
1100
1484

Transferring Design 'ht' to database 'ht.db’
Current designis 'ht'.
1

report_area
I nformation: Updating design information... (U D 85)

R e R e T T T

Report : area

Design : ht
Versi on: 1998. 08
Dat e : Tue Nov 23 11:05:59 1999

ok kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkk ok kkk k

Li brary(s) Used:

| ca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv. db)

Nunber of ports: 145
Nunber of nets: 740
Number of cells: 448
Number of references: 22
Conbi nati onal area: 359. 000000
Nonconbi nati onal area: 2138. 000000
Net |nterconnect area: 874. 687439
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Total cell area: 2497. 000000
Total area: 3371. 687500

1

report_timng

kK K KR K K K K K KK KR K Kk K Kk

Report : tinming

-path full
-del ay max
-max_paths 1
Design : ht
Versi on: 1998. 08
Dat e : Tue Nov 23 11:05:59 1999

ok kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkk ok kkkk &

Operating Conditions: NOM Library: |ca300kv
Wre Loadi ng Model Mde: encl osed

Desi gn Wre Loadi ng Mdel Li brary

ht B2X2 | ca300kv

Startpoint: rt_addr_reg<l5>
(rising edge-triggered flip-flop)
Endpoi nt: rt_addr<15>
(output port)
Path G oup: (none)
Path Type: max

Poi nt I ncr Pat h
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/w ange/ hi | an/ aht/ src_dali/src. pdb
Information: Renoving prior stored synthesis information fromsrc.pdb (PCC9)
Creating initial circuit

Inserting LFSR for repeat operator count=12

Optimizing logic structure

styl e = min_encoded

Converting to state graph

Dunpi ng state graph src. gdl

Launching state graph viewer...

xvcg src.gdl

M ni m zi ng state graph

Encodi ng using mininumbits and bi nary codes

Dunpi ng state graph REDUCED src. gdl

Launchi ng state graph viewer...

xvcg REDUCED src. gdl

Converting to circuit

Sinplifying | ogic equations.

Sinplified 25 logic functions

Usi ng CASE statenent action block: 38 actions 17 triggers used, 17 cases

Input File: [/afs/informatik.uni-tuebingen.de/hone/w ange/ hilan/aht/src_dali/src.pdb
Protocol: src
Conpile Style: nin_encoded
Conpil e Effort: high

Control |l er Report

Initial Fi nal

St ates: 48 22

Transitions: 85 36

State Vari abl es: 26 5
Control |nputs: 206
Action Triggers: 38

Cl eani ng up
Optimizing logic structure
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Estimating control logic...

Net wor k optimi zation of control |ogic
area del ay
[ND2] [logic |eves]

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
conbi national area 166. 9
nonconbi nati onal area 49.0 (7 bits)
total area 215.9

Counters required for repeat frames

conbi national area 19.0 (assuming no sharing of decrenenters)
nonconbi nati onal area 28.0 (4 bits total)
total area 47.0

Variabl es and ports

conbi nati onal area 276.0 (reset |ogic)
nonconbi nati onal area 966.0 (138 bits total)
total area 1242.0

Conbi nati onal |ogic of
actions is NOT included

Total conbinational area  461.9

Total nonconbi nati onal 1043.0

Total area 1504.9

Del ay through the conbinational

part of the FSM 3.28 ns ( 4.4 logic |levels)
Li brary:

7.00 gates per 1-bit D flipflop,
1.00 gates per logical 2-bit NAND operation,
0.75 ns per logic |evel

Storing data

Witing src.pdb+ (synthesized pdb)

8.3.2 The Logic SynthesisReport for SRC

Behavi oral Conpiler (TM
DC Prof essional (TM
DC Expert (TM
FPGA Conpiler (TM
VHDL Conpiler (TM
HDL Conpiler (TM
Library Conpiler (TM
Power Conpiler (TM
Test Conpiler (TM
ECO Conpiler (TM
Desi gn\War e Devel oper (TM
Desi gnPower (TM

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

This programis proprietary and confidential information of Synopsys, Inc.
and may be used and disclosed only as authorized in a |license agreenent
controlling such use and discl osure.

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

anal yze -f vhdl src/utils_src.vhd

Loading db file '/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/Iibraries/syn/standard.sldb’
Loading db file '/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/1ibraries/syn/gtech.db’
Loading db file '/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/Iibraries/syn/lca300kv.db’
Reading in the Synopsys vhdl primitives.

/ af s/i nf ormati k. uni - t uebi ngen. de/ home/ W ange/ hi | an/ aht/src_dalils/src/utils_src.vhd:

1

anal yze -f vhdl src/src_syn.vhd

/af s/i nformati k. uni -t uebi ngen. de/ home/ Wl ange/ hi | an/ aht/sr c_dalils/src/src_syn.vhd:

1

el aborate src
Inferred nenory devices in process ' PC_PROC

inroutine src line 139 in file
"/ af s/informatik. uni-tuebi ngen. de/ home/w ange/ hil an/ aht/src_dalils/src/src_syn.vhd' .

Regi ster Nanme | Type | Wdth | Bus | MB| AR| AS| SR| SS| ST |
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| Cel | _| oaded_reg | Flip-flop | 1 | - | - | N
| Cel |l _read_reg | Flip-flop | 1 | - | - | N
| aux_reg_reg | Flip-flop | 32 | Y | N | N
| busy_reg | Flip-flop | 1 | - | - | N
| | oad_ok_reg | Flip-flop | 1 | - | - | N
| pc_counter_0_reg | Flip-flop | 4 | Y | 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
| sr_strobe_reg | Flip-flop | 1 | - | - | N
| transm ok_reg | Flip-flop | 1 | - | - | N

zzzevzzzzzz
zzzevzzzzzz
zzzvvzzzzzz
zzzevzzzzzz

Current design is now 'src’
1

/* set_operating_conditions wccom */

/* create_clock clk_xnmt -period 25 */
create_clock Ck_xmt -period 20

Performing create_clock on port 'O k_xmt’.

}* otherw se, the del ays woul d exceed the 25 ns! */

conpile -map_effort medi um

Loading target library '|ca300kv’

Warning: Multibit library cell 'FD2X4'" will not be used in nultibit optinization.
Warning: Multibit library cell 'FD2X2' will not be used in nultibit optinization.
Varning: Multibit library cell 'FD4X4L' will not be used in nultibit optinization.
Warning: Multibit library cell 'LD1X4'" will not be used in nultibit optinization.
Warning: Multibit library cell *FD3X4L' will not be used in nultibit optinization.
Warning: Multibit library cell 'FD3X4'" will not be used in nultibit optinization.
Warning: Multibit library cell 'FD3X2' will not be used in nultibit optinization.

Warning: Multibit library cell 'FD2X4L' will not be used in nultibit optimzation.
ng:
ng:
ng:
ng:
ng:
ng:
ng:
ng:

VAar ni
VAar ni
VAar ni
VAar ni
VAar ni
VAar ni
VAar ni
VAar ni

Ml tibit library cell
Ml tibit library cell
Ml tibit library cell
Miltibit library cell
Ml tibit library cell
Ml tibit library cell
Library cell ’FDN1S

Library cell

’ FDN1SP'

"FD1X4'" will not be used in multibit optimzation.
"FD1X2' will not be used in multibit optimzation.
"FD4X4" will not be used in multibit optimzation.
"FD4X2' will not be used in multibit optimzation.

"LD1IX4P" will not be used in nultibit optinization.
"FDLX4L'" will not be used in nultibit optinization.

(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)

coul d not be nodel ed for sequential mapping. (OPT-1201)
coul d not be nodel ed for sequential mapping. (OPT-1201)

Loadi ﬁg design 'src’

Begi nni ng Resource Allocation (constraint driven)
Structuring 'src
Mappi ng ' src’

Al l ocating blocks in 'src’
Al l ocating blocks in 'src’

Begi nni ng Mapping Optimni zations (Mediumeffort)

Structuring 'src

Mappi ng ' src’
I nformation: Changed wire |oad nodel for 'src’ from’'BOX0’
TOTAL NEG
TRI ALS AREA DELTA DELAY SLACK
0
0
Begi nni ng Phase 1 Design Rule Fixing
TOTAL NEG
TRI ALS AREA DELTA DELAY SLACK
1 3962. 3 0. 00 0.0
1 3961. 3 0. 00 0.0
1 3960. 3 0. 00 0.0
0
3
Begi nni ng Area- Recovery Phase (cleanup)
TOTAL NEG
TRI ALS AREA DELTA DELAY SLACK
2 3942. 6 0. 00 0.0
2 3936.9 0. 00 0.0
trials renoved .. wl.

to 'B2X2' . (OPT-170)
DESI GN RULE

DESI GN RULE

coo
oo o

DESI GN RULE

S
oo
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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

Transferring Design 'src
Current designis 'src’.
1

to database 'src.db’

report_area
I nformation: Updating design information... (U D 85)

ek kK K KR K K K K K K R K Kk R kK
Report : area

Design : src

Versi on: 1998. 08

Date : Wed Nov 24 16:28:58 1999

Ik kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkk ok kkkk ok

Li brary(s) Used:

| ca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv. db)

Nunber of ports: 124
Number of nets: 921
Number of cells: 667
Number of references: 22
Conbi nati onal area: 647. 000000
Nonconbi nati onal area: 1437. 000000
Net |nterconnect area: 1078. 593628
Total cell area: 2084. 000000
Total area: 3162. 593750
1

report_timng
Kk KA kAR KR AR KA KA KA R KAk R KA KA AR Ak K
Report : timing
-path full
-del ay max
-max_paths 1
Design : src
Version: 1998. 08
Dat e : Wed Nov 24 16:28:58 1999

R e R e T T T

Operating Conditions: NOM Library: |ca300kv
Wre Loading Model Mde: encl osed

Desi gn W re Loadi ng Mdel Li brary

src B2X2 | ca300kv

Startpoint: pc_state_reg<l>
(rising edge-triggered flip-flop clocked by Ok_xnmit)
Endpoi nt: aux_reg_reg<0>
(rising edge-triggered flip-flop clocked by Ck_xnit)
Path Group: dk_xmt
Path Type: max

Poi nt I ncr Pat h
clock Ak_xmt (rise edge) 0. 00 0. 00
clock network delay (ideal) 0. 00 0.00
pc_state_reg<l>/ CP (FD1) 0.00 0.00 r
pc_state_reg<l>/ QN (FD1) 1.03 1.03 f
U2138/ Z (ND2) 0.55 1.58 r
U2580/ Z ( OR2P) 0. 47 2.05r
u2450/ Z (1 VP) 0.22 2.27 f
U2389/ Z (AOT) 0.75 3.02r
U2360/ Z (ND2) 1.21 4.23 f
u2392/ Z (1VP) 0.31 4.54 r
u2562/ Z (1 VP) 0. 40 4.94 f
U2390/ 2 (AY) 0. 38 5.32 r
aux_reg_reg<0>/ D (FDS2L) 0. 00 5.32 r
data arrival time 5.32
clock A k_xmt (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 tine -0.58 19. 42
data required tine 19. 42
data required tinme 19. 42
data arrival time -5.32



conpil e -map_effort nmedi um -boundary_opti m zation

Loadi ng design 'src

Begi nni ng Mapping Optimizations (Mediumeffort)

Structuring 'src
Mappi ng ' src’

TOTAL NEG DESI GN RULE
TRIALS AREA DELTA DELAY SLACK COosT

TOTAL NEG DESI GN RULE

TRI ALS AREA DELTA DELAY SLACK COST
1 3783.1 0. 00 0.0 0.6
trials renoved .. wl.
1 3734.1 0. 00 0.0 0.6
1 3733.1 0. 00 0.0 0.6
0
51

Begi nni ng Area-Recovery Phase (cleanup)

TOTAL NEG DESI GN RULE

TRI ALS AREA DELTA DELAY SLACK COST
3 3725. 4 0. 00 0.0 0.6
trials renoved.. w.l.
1 2977. 4 0. 00 0.0 0.6
0
3392

Transferring Design 'src’ to database 'src.db’
Current designis 'src’.
1

report_area
I nformation: Updating design information... (U D 85)

Ty
Report : area

Design : src

Version: 1998. 08

Dat e : Wed Nov 24 16:29:54 1999

R e R T T T

Li brary(s) Used:

| ca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv. db)

Nunber of ports: 124
Nunber of nets: 816
Nunber of cells: 561
Nunber of references: 22
Conbi nati onal area: 582. 000000
Nonconbi nati onal area: 1437. 000000
Net |nterconnect area: 958. 359314
Total cell area: 2019. 000000
Total area: 2977. 359375
1

report_tining
Kok ko k ok kK Rk Rk kK Kk kR kKK kR Rk kK K

Report : timing
-path full
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-del ay max
-max_paths 1
Design : src
Version: 1998. 08
Dat e : Wed Nov 24 16:29:54 1999

R s

Operating Conditions: NOM Library: |ca300kv
Wre Loadi ng Mbdel Mde: enclosed

Desi gn W re Loadi ng Mdel Li brary

src B2X2 | ca300kv

Startpoint: pc_state_reg<3>
(rising edge-triggered flip-flop clocked by Ok_xnmit)
Endpoi nt: aux_reg_reg<l>
(rising edge-triggered flip-flop clocked by Ck_xnit)
Path Group: dk_xmt
Path Type: max

clock A k_xmt (rise edge) 0 0
cl ock network del ay (ideal) 0 0
pc_state_reg<3>/ CP (FD1) 0 0
pc_state_reg<3>/ Q (FD1) 0 0
U3115/ Z (1 VP) 0 0
U2778/Y (1 VDA) 0 1
U2778/ Z (1 VDA) 0 1
U2826/ Z (ND2) 0. 2
U2756/ Z (NR2) 0.26 2.74
U2754/ Z (AOT) 0 3
U3109/ Z (ND2) 0 3
U3108/ Z1 (B21) 0 4
u3108/ 22 (B21) 0 4
U3124/ Z (OR2P) 0 5
u3107/Z1 (B21) 0 5
u3107/Z2 (B21) 0 6
aux_reg_reg<l>/LD (FDS2L) 0 6
6

-
~
B e e e i i T e

data arrival tine 44
clock Ak_xmit (rise edge) 20. 00 20. 00
cl ock network delay (ideal) 0.00 20. 00
aux_reg_reg<l>/ CP (FDS2L) 0.00 20.00 r
library setup tinme -0.76 19. 24
data required tinme 19. 24
data required tinme 19. 24
data arrival time -6.44
slack (MET) 12. 80

8.4 Receve Data Module RD
8.4.1 The Dali SynthesisReport for RD

Processing /afs/informatik. uni-tuebi ngen. de/ hone/ W ange/ hi | an/ aht/ rd_dali/rd. pdb
Creating initial circuit

Inserting LFSR for repeat operator count=12

Creating action logic for analysis.

Pat ching control logic...

Optimizing logic structure

style = automatic

Anal yzi ng Protocol |ncluding Datapath

optimzing steps removed .. W.

Input File: /afs/informatik.uni-tuebingen.de/hone/w ange/hilan/aht/rd_dali/rd.pdb
Protocol: rd
Conpile Style: automatic
Conpile Effort: high

Control | er Report

Initial Fi nal
States: 261 (18, 5)
Transitions: -- (38, 13)
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State Variabl es: 28 9=(5, 3) +1

Control |nputs: 245
Action Triggers: 43

Cl eani ng up

Optimzing logic structure

Estimating control logic...

Net wor k optim zation of control |ogic
area delay
[ND2] [logic |eves]

initial 503 7.2
sweep 295 6.3
structure(area) 185 4.9
structure(tds) 241 7.4
r edund 178 6.3
sweep 171 6.3
structure(area) 165 4.7
sweep 165 4.7
Estimated size of protocol:
FSM
conbi national area 184.6
nonconbi nati onal area 70.0 (10 bits)
total area 254. 6

Counters required for repeat frames

conbi nati onal area 19.0 (assuming no sharing of decrenenters)
nonconbi nati onal area 28.0 (4 bits total)
total area 47.0

Vari abl es and ports

conbi national area 388.0 (reset |ogic)
nonconbi national area 1358.0 (194 bits total)
total area 1746.0

Conbi national |ogic of
actions is NOT included

Total comnbinational area 591. 6
Total nonconbi nati onal 1456.0
Total area 2047.6

Del ay through the conbinational
part of the FSM 3.53 ns ( 4.7 logic |evels)

Li brary:
7.00 gates per 1-bit D flipflop,
1.00 gates per logical 2-bit NAND operation,
0.75 ns per logic |evel

Storing data

Witing rd. pdb+ (synthesized pdb)

8.4.2 The Logic SynthesisReport for RD

Behavi oral Conpiler (TM
DC Professional (TM
DC Expert (TM
FPGA Conpiler (TM
VHDL Conpiler (TM
HDL Conpiler (TM
Library Conpiler (TM
Power Conpiler (TM
Test Conpiler (TM
ECO Conpiler (TM
Desi gnWare Devel oper (TM
Desi gnPower (TM

Version 1998.08 -- Jun 25, 1998
Copyright (c) 1988-1998 by Synopsys, |nc.
ALL RI GHTS RESERVED

This programis proprietary and confidential information of Synopsys, Inc.
and may be used and disclosed only as authorized in a |icense agreement
control ling such use and discl osure.

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

anal yze -f vhdl src/utilsrd.vhd

Loading db file '/afs/informatik. uni-tuebingen.de/ti/synopsys/1998.8/Iibraries/syn/standard.sldb’
Loading db file '/afs/informatik. uni-tuebingen.de/ti/synopsys/1998.8/1ibraries/syn/gtech.db’
Loading db file ’/afs/informatik. uni-tuebingen.de/ti/synopsys/1998.8/Iibraries/syn/lca300kv.db’
Reading in the Synopsys vhdl primtives.

[ af s/informati k. uni -tuebi ngen. de/ home/ W ange/ hil an/aht/rd_dalils/src/utilsrd.vhd:

1

anal yze -f vhdl src/rd_syn.vhd

/af s/informati k. uni -tuebi ngen. de/ home/ W ange/ hi | an/aht/rd_dalils/src/rd_syn. vhd:

1
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el aborate rd

Inferred nenory devices in process ' PC_PROC SEQ
inroutine rd line 275 in
file

"/ af s/i nformatik. uni -tuebi ngen. de/ home/ W ange/ hi | an/ aht/r d_dalils/src/rd_syn.vhd’' .

| Regi ster Name | Type | Wdth | Bus | M| AR| AS| SR| SS| ST |
| err_reg | Flip-flop | 5 | Y| N | N|] N | NJ|JN]JN/
| hilf_reg_reg | Flip-flop | 48 | Y| N | N | N | NJ|N]JN/
| out _reg_h_reg | Flip-flop | 32 | Y| N | N | N | NJ|N]JN/
| out_reg_reg | Flip-flop | 32 | Y| N|] N|NJ|NJ|JN]|N/
| pc_counter_0_reg | Flip-flop | 4 | Y| N|] N|NJ|NJ|JN]|N/
| pc_reg_error_reg | Flip-flop | 5 | Y| N | N|NJ|N]|JN]|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 | NJ|JN/|N/|
| pc_reg_srdta_taken_reg | Flip-flop|] 2 | - | - | N | N | N | N | N |
| wr_ack_reg | Flip-flop | 1 | - | - | N| N | NJ|N/|N/|
| wite_fifo_reg | Flip-flop | 1 | - | - | N| N | NJ|JN/|N/|

Inferred nenory devices in process ' PC_PROC_STATE
inroutine rd line 325 in
file

'/ af s/i nformatik. uni -tuebi ngen. de/ home/ W ange/ hi | an/ aht/r d_dalils/src/rd_syn.vhd’' .

| Regi ster Name | Type | Wdth | Bus | M| AR| AS | S

R| SS| ST

| pc_state_reg | Flip-flop | 9 | N | N | 2 | 2 | ?

217

Current design is now'rd’
1

/* set_operating_conditions wccom */

/* create_clock clk_com -period 25 */

create_clock O k_com -period 20

Performing create_clock on port *dk_coni.

/1* ot herw se, the del ays woul d exceed the 25 ns! */

conpile -map_effort medium

Loading target library '|ca300kv’

(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)
(OPT-918)

Warning: Multibit library cell 'FD2X4" will not be used in nultibit optinmnzation.
Warning: Multibit library cell 'FD2X2'" will not be used in nultibit optinization.
Warning: Multibit library cell 'FD4X4L' will not be used in nultibit optimzation.
Warning: Multibit library cell 'LD1X4" will not be used in nultibit optinization.
Warning: Multibit library cell 'FD3X4L' will not be used in nultibit optimzation.
Warning: Multibit library cell 'FD3X4" will not be used in nultibit optinmnzation.
Warning: Multibit library cell 'FD3X2" will not be used in nultibit optinization.
Warning: Multibit library cell 'FD2X4L' will not be used in nultibit optinization.
Warning: Multibit library cell 'FD1X4'" will not be used in nultibit optinization.
Warning: Multibit library cell 'FD1X2' will not be used in nultibit optinzation.
Warning: Multibit library cell 'FD4X4'" will not be used in nultibit optinzation.
Warning: Multibit library cell 'FD4X2' will not be used in nultibit optimzation.
Varning: Multibit library cell 'LD1IX4P'" will not be used in nultibit optinization.
Varning: Multibit library cell 'FDLX4L' will not be used in nultibit optinization.
Warning: Library cell 'FDN1S could not be nodel ed for sequential mapping. (OPT-1201)
Warning: Library cell 'FDNLSP' could not be nodel ed for sequential napping. (OPT-1201)
Loadi ng design 'rd’

Begi nni ng Resource Allocation (constraint driven)
Structuring 'rd’

Mapping 'rd’

Allocating blocks in 'rd

Allocating blocks in 'rd’

Begi nni ng Mapping Optimizations (Mediumeffort)
Structuring 'rd’
Mapping ' rd’
I nformation: Changed wire | oad nodel for 'rd from'BOX0' to ’'B3X3

', (OPT-170)

TOTAL NEG DESI GN RULE
TRIALS AREA DELTA DELAY SLACK cosT

TOTAL NEG DESI GN RULE
TRIALS AREA DELTA DELAY SLACK cosT
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Begi nni ng Area-Recovery Phase (cleanup)

TOTAL NEG DESI GN RULE

TRIALS AREA DELTA DELAY SLACK COosT
4 5474. 4 0.00 0.0 0.3
3 5464. 8 0.00 0.0 0.3

trials renoved.. w.

21 4031. 4 0. 00 0.0 0.3
15 4030. 4 0. 00 0.0 0.3
Information: Changed wire |oad nodel for 'rd from’'B3X3' to 'B2X2'. (OPT-170)
0
8554

Transferring Design 'rd to database 'rd.db’
Current designis 'rd.
1

report_area
I nformation: Updating design information... (U D 85)

R R R e T T T T

Report : area

Design : rd
Ver si on: 1998. 08
Date : Wed Nov 24 17:34:00 1999

Ik kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkk ok kkkk ok

Li brary(s) Used:

| ca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv. db)

Nunber of ports: 92
Number of nets: 1103
Number of cells: 944
Number of references: 21
Conbi nati onal area: 1108. 000000
Nonconbi nati onal area: 1183. 000000
Net | nterconnect area: 1552. 499878
Total cell area: 2291. 000000
Total area: 3843. 500000
1

report_tining
Kok ok kR kKR kR Rk kK kR kKK kR kK K K

Report : timing

-path full
-del ay max
-max_paths 1
Design : rd
Version: 1998. 08
Dat e : Wed Nov 24 17:34:01 1999

R R R R T TR Y

Operating Conditions: NOM Library: |ca300kv
Wre Loading Mbdel Mde: enclosed

Desi gn W re Loadi ng Mdel Li brary

rd B2X2 | ca300kv

Startpoint: pc_state_reg<3>
(rising edge-triggered flip-flop clocked by Ck_com
Endpoi nt: out_reg_h_reg<0>
(rising edge-triggered flip-flop clocked by O k_com
Path Group: Ck_com
Path Type: max

Poi nt I ncr Pat h
clock G k_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 0.75r
U3025/Y (I VDA) 0.17 0.92 f
U3025/ Z (| VDA) 0.57 1.49 r



U3024/ Z ( ND2) 1.01 2.50 f
U2345/Z (NR2) 0.33 2.82r
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 (1VP) 0.32 5.01r
U3009/ Z (1VP) 0. 38 5.40 f
U2816/ Z ( AOT) 0. 26 5.65r
out _reg_h_reg<0>/D (FD1) 0.00 5.65 r
data arrival time 5.65
clock O k_com (rise edge) 20. 00 20. 00
cl ock network delay (ideal) 0.00 20. 00
out _reg_h_reg<0>/ CP (FD1) 0.00 20.00 r
library setup tinme -0.20 19. 80
data required tinme 19. 80
data required tine 19. 80
data arrival tine -5.65
sl ack (MET) 14. 15

1
conpil e -map_effort medi um -boundary_opti m zation

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

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

Begi nni ng Mapping Optimni zations (Mediumeffort)
I nformation: Changed wire |oad nodel for 'rd from'B2X2' to 'B3X3'. (OPT-170)
Structuring 'rd’

Mapping ' rd’
TOTAL NEG DESI GN RULE
TRIALS AREA DELTA DELAY SLACK COoSsT
0
0
Begi nni ng Phase 1 Design Rule Fixing
TOTAL NEG DESI GN 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 renoved.. wl.
1 5151.5 0. 00 0.0 0.3
1 5150.5 0. 00 0.0 0.3
0
37
Begi nni ng Area- Recovery Phase (cleanup)
TOTAL NEG DESI GN RULE
TRIALS AREA DELTA DELAY SLACK COosT
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. .
9 3742.0 0. 00 0.0 0.3
19 3741.0 0. 00 0.0 0.3
Information: Changed wire |oad nodel for 'rd from’'B3X3' to 'B2X2'. (OPT-170)
0

Transferring Design 'rd to database 'rd.db’
Current designis 'rd.
1
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report_area
I nformation: Updating design information... (U D 85)

ok kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk ok k ok kk k

Report : area

Design : rd
Ver si on: 1998. 08
Date : Wed Nov 24 17:35:22 1999

Ik kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkk ok

Li brary(s) Used:

| ca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db)

Nunber of ports: 92
Number of nets: 997
Number of cells: 825
Number of references: 24
Conbi nati onal area: 1003. 000000
Nonconbi nati onal area: 1183. 000000
Net | nterconnect area: 1387. 968628
Total cell area: 2186. 000000
Total area: 3573. 968750
1

report_timng

R e R e R T T T T

Report : timing

-path full
-del ay max
-max_paths 1
Design : rd
Version: 1998. 08
Dat e : Wed Nov 24 17:35:22 1999

R e T Y

Operating Conditions: NOM Library: |ca300kv
W re Loadi ng Mbdel Mde: enclosed

Desi gn W re Loadi ng Mdel Li brary

rd B2X2 | ca300kv

Startpoint: pc_state_reg<2>
(rising edge-triggered flip-flop clocked by Ck_com
Endpoi nt: out_reg_reg<0>
(rising edge-triggered flip-flop clocked by dk_com
Path Group: Ck_com
Path Type: max

clock A k_com (rise edge) 0 0
cl ock network delay (ideal) 0 0
pc_state_reg<2>/ CP (FD1) 0 0
pc_state_reg<2>/ Q (FD1) 0 0
u3662/ Z (I VP) 0 0
U3661/Y (I VDA) 0 1
U3656/ Z ( ND2) 0 2
U3632/Z (I VP) 0 2
U3114/Z (ND2) 0. 3
U3695/ Z ( AN2P) 0.27 3.32
U3268/ Z ( ACB) 0 3
U3663/ Z (OR2P) 0 3
U3676/ Z (OR2P) 0 4
U3639/Z (1VP) 0 4
U3316/ Z (ND2) 0 5
U3644/ Z1 (B21) 0 5
u3644/ z2 (B2l) 0 6
U3371/ Z (AOT7) 0 6
out _reg_reg<0>/D (FD1) 0 6
6

o
o
—hmh = mh = —h = m —ho—h = —h = —h = =

data arrival time 67
clock O k_com (rise edge) 20. 00 20. 00
cl ock network delay (ideal) 0.00 20. 00
out _reg_reg<0>/ CP (FD1) 0.00 20.00 r
library setup tinme -0.13 19. 87
data required tine 19. 87
data required tine 19. 87
data arrival tine -6.67
slack (MET) 13.19
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8.5 The AHT Output Module AHT _Out
8.5.1 The Dali SynthesisReport for AHT _Out

Processing /afs/informatik. uni-tuebi ngen. de/ hone/w ange/ hi | an/ aht/ aht out _dal i / aht out . pdb
Creating initial circuit

Inserting LFSR for repeat operator count=11

Inserting LFSR for repeat operator count=11

Creating action logic for analysis.

Pat ching control logic...

Optimzing logic structure

style = automatic

Anal yzi ng Protocol Including Datapath

shel | =0 states=1 (controller states + datapath variabl es)
shel I =1 states=4 (controller states + datapath vari abl es)
shel | =2 states=10 (control |l er states + datapath variabl es)
optimzing. ..

optimizing shells 3 to 24 renmoved .. W

states of controller=543 (excludes variabl es)----------ommmmmmm

node : states : state vars : nane
0: 543 1 [ 1:30 ] AHTOUT
1: 543 [ 1:30 ] alternative
2 23 [ 1:13 ] repeat +
3 23 [ 1:13 ] alternative
4 22 [ 1:12 ] i f
5: 22 [ 1:12 ] fetch_cell
6 : 22 [ 1:12 ] fetch_cell
7 22 1 [ 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 ] r epeat
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 1 [ 14:29 ] xmt_cell
62 : 28 1 [ 14:29 ] xmt_cell
63 : 28 1 [ 14:29 ] sequence
64 : 3: [ 14:15 ] Cont _On
66 : 3: [ 14:15 ] Cont _On
67 : 3: [ 14:15 ] sequence
78 : 10 : [ 21:25 ] r epeat
79 : 5: [ 21:24 ] xm t _4bytes
80 5: [ 21:24 ] xm t _4bytes
81 5: [ 21:24 ] sequence

Partitioni ng node 2 : states= 23 : Frame AHTQUT, repeat '+ . <ahtout- AHTOUT- 3>
Partitioni ng node 58 : states= 29 : Frame AHTOUT, repeat '+ . <ahtout-AHTOUT- 9>
Conpi | ing partitions

Extracting ahtout_part_/2

Initial (13 state vars, 15 actions)

23 states

Creating state graph for ahtout_part_/2
Sinmplifing transitions

Sinplified 40 transition(s)

Dunpi ng state graph ahtout_part_. 2. gdl

Initial (23 states, 49 transitions)

M ni m zing state graph ahtout_part_/2

Final (10 states, 23 transitions)

Encodi ng using mninumbits and binary codes
Dunpi ng state graph REDUCED ahtout _part_. 2. gdl
Launchi ng state graph viewer...

xvcg REDUCED ahtout _part_. 2. gdl

Converting to circuit REDUCED ahtout_part_/2
Simplifying | ogic equations.

Sinplified 15 | ogic functions

Usi ng CASE statenent action block: 15 actions 8 triggers used, 7 cases
Mer gi ng VC_M NENC_REDUCED aht out _part_/2

Final (4 state vars, 16 actions)

Optimzing /58



Extracting ahtout_part_/58

Initial (17 state vars, 27 actions)

29 states

Creating state graph for ahtout_part_/58
Sinmplifing transitions

Sinplified 28 transition(s)

Dunpi ng state graph ahtout_part_. 58. gdl

Initial (29 states, 41 transitions)

M ninmizing state graph ahtout_part_/58

Final (20 states, 27 transitions)

Encodi ng using mininumbits and binary codes
Dunpi ng state graph REDUCED ahtout_part_. 58. gdl
Launchi ng state graph viewer...

xvcg REDUCED aht out _part_. 58. gdl

Converting to circuit REDUCED ahtout_part_/58
Sinplifying | ogic equations.

Sinplified 22 logic functions

Usi ng CASE statenent action block: 27 actions 16 triggers used,
Mer gi ng VC_M NENC_REDUCED aht out _part _/ 58

15 cases

Final (5 state vars, 28 actions)
Final wiring of ahtout_part
Top level controller inplemented in distributed style using 1 state var

Input File: /afs/informatik.uni-tuebingen.de/honme/w ange/ hilan/aht/ahtout_dali/ahtout.
Protocol : ahtout
Conpile Style: automatic
Conpile Effort: high
Control |l er Report
Initial Fi nal
States: 543 (10, 20)
Transitions: -- (23, 27)
State Variabl es: 31 10=(4, 5) +1
Control |nputs: 120
Action Triggers: 42
Cl eani ng up
Optimzing logic structure
Estimating control logic...
Net wor k optim zation of control |ogic

area delay

[ND2] [logic |eves]
initial 538 6.1
sweep 328 5.3
structure(area) 185 4.2
structure(tds) 266 7.9
r edund 204 6.0
sweep 193 5.5
structure(area) 171 3.5
sweep 171 3.5

Estimated size of protocol:
FSM

conbi national area 192.5
nonconbi nati onal area 77.0 (11 bits)
total area 269.5

Counters required for repeat frames

conbi nati onal area 38.0 (assunming no sharing of decrenenters)
nonconbi nati onal area 56.0 (8 bits total)
total area 94.0
Vari abl es and ports
conbi national area 172.0 (reset logic)
nonconbi nati onal area 602.0 (86 bhits total)
total area 774.0
Conbi national |ogic of

actions is NOT included

Total conbinational area 402. 5
Total nonconbi nati onal 735.0
Total area 1137.5

Del ay through the conbinational
part of the FSM 2.61 ns ( 3.5 logic levels)
Li brary:
7.00 gates per 1-bit D flipflop,
1.00 gates per logical 2-bit NAND operation,
0.75 ns per logic |evel
Storing data
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Witing ahtout.pdb+ (synthesized pdb)

8.5.2 The Logic SynthesisReport for AHT _Out

Behavi oral Conpiler (TM
DC Professional (TM
DC Expert (TM
FPGA Conpiler (TM
VHDL Conpiler (TM
HDL Conpiler (TM
Library Conpiler (TM
Power Conpiler (TM
Test Conpiler (TM
ECO Conpiler (TM
Desi gnWare Devel oper (TM
Desi gnPower (TM

Version 1998.08 -- Jun 25, 1998
Copyright (c) 1988-1998 by Synopsys, |nc.
ALL RI GHTS RESERVED

This programis proprietary and confidential information of Synopsys, Inc.
and may be used and disclosed only as authorized in a |icense agreement
control ling such use and discl osure.

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

anal yze -f vhdl ahtout_syn. vhd

Loading db file '/afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/Iibraries/syn/standard.sldb’

Loading db file '/afs/informatik. uni-tuebingen.de/ti/synopsys/1998.8/1ibraries/syn/gtech.db’
Loading db file '/afs/informatik. uni-tuebingen.de/ti/synopsys/1998.8/Iibraries/syn/lca300kv.db’
Reading in the Synopsys vhdl primtives.

[ af s/i nformati k. uni -t uebi ngen. de/ hone/ W ange/ hi | an/ aht/aht out _dal i | s/ aht out _syn. vhd:

1

el abor ate aht out

Inferred nenory devices in process ' PC_PROC_SEQ
in routine ahtout |ine 280
infile
"/ af s/informatik. uni -tuebi ngen. de/ home/ W ange/ hi | an/ aht/ aht out _dal i | s/ aht out _syn. vhd' .

| Regi ster Name | Type | Wdth | Bus | M| AR| AS| SR| SS| ST |
| cell _reg_reg | Flip-flop | 32 | Y| N | N | N | NJ|N]JN/
| hilf_reg | Flip-flop| 32 | Y | N | N | N | N ] N | N |
| pc_counter_0_reg | Flip-flop | 4 | Y| N|] N|NJ|N]|JN]|N/
| pc_counter_1_reg | Flip-flop | 4 | Y | N|] N|NJ|N]|JN/]|N/
| pc_reg_cell_presync_reg | Flip-flop| 2| - | - | 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 | NJ|N]|JN]|N/
| pc_reg_rcell _read_reg | Flip-flop| 1 | - | - | N | N | N | N | N |
| pc_reg_rnewcell_reg | Flip-flop | 1 | - | - | N| N | NJ|N/|N/|
| reg_taken_reg | Flip-flop | 1 | - | - | N| N | NJ|JN/|N/|
| transmt_reg | Flip-flop | 1 | - | - | N| N | NJ|JN/|N/|

Inferred nenory devices in process ' PC_PROC STATE
in routine ahtout |ine 330
infile
"/ af s/informatik. uni-tuebingen. de/ home/ W ange/ hi | an/ aht/ aht out _dal i | s/ aht out _syn. vhd' .

| Regi ster Nanme | Type | Wdth | Bus | M| AR| AS| SR| SS| ST |

| pc_state_reg | Flip-flop | 10 | N | N | 2 |2 | 2?2 |? |?]|

Current design is now 'ahtout’
1

/* set_operating_conditions wccom */
/* create_clock clk_xmt -period 25 */

create_clock O k_aht_out -period 20

Performing create_clock on port 'C k_aht_out'.

1

/* otherw se, the delays would exceed the 25 ns! */

conpile -map_effort medium

Loading target library '|ca300kv’
Warning: Multibit library cell 'FD2X4" will not be used in nultibit optimzation. (OPT-918)
Warning: Multibit library cell 'FD2X2' will not be used in nultibit optimzation. (OPT-918)
Warning: Multibit library cell 'FD4X4L' will not be used in nultibit optimzation. (OPT-918)
Warning: Multibit library cell 'LD1X4" will not be used in nultibit optimzation. (OPT-918)
Warning: Multibit library cell 'FD3X4L' will not be used in nultibit optimzation. (OPT-918)
Warning: Multibit library cell 'FD3X4" will not be used in nultibit optimzation. (OPT-918)
Warning: Multibit library cell *FD3X2' will not be used in nultibit optinmzation. (OPT-918)
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Varning: Multibit library cell *FD2X4L' will not be used in nultibit optimnization. (OPT-918)
Varning: Multibit library cell 'FD1X4'" will not be used in nultibit optimzation. (OPT-918)
Varning: Multibit library cell 'FD1X2' will not be used in nultibit optinmization. (OPT-918)
Varning: Multibit library cell 'FD4X4'" will not be used in nultibit optinmzation. (OPT-918)
Warning: Multibit library cell 'FD4X2' will not be used in nultibit optimzation. (OPT-918)
Warning: Multibit library cell 'LD1X4P'" will not be used in nultibit optimzation. (OPT-918)
Warning: Multibit library cell 'FD1X4L' will not be used in nultibit optimzation. (OPT-918)
Warning: Library cell 'FDNLS could not be nodel ed for sequential mapping. (OPT-1201)
Warning: Library cell 'FDNLSP' could not be nodel ed for sequential mapping. (OPT-1201)
Loadi ng design ’'ahtout’
Begi nni ng Resource Allocation (constraint driven)
Structuring 'ahtout’
Mappi ng ' aht out’
Al l ocating blocks in 'ahtout’
Al l ocating blocks in "ahtout’
Begi nni ng Mapping Optimizations (Mediumeffort)
Structuring 'ahtout’
Mappi ng ' aht out’
I nformation: Changed wire |oad nodel for 'ahtout’ from'BOX0' to 'B2X2'. (OPT-170)
TOTAL NEG DESI GN RULE
TRI ALS AREA DELTA DELAY SLACK COoSsT
0
0
Begi nni ng Phase 1 Design Rule Fixing
TOTAL NEG DESI GN RULE
TRIALS AREA DELTA DELAY SLACK cosT
0
0
Begi nni ng Area- Recovery Phase (cleanup)
TOTAL NEG DESI GN 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 .
19 2001.7 0. 00 0.0 0.0
0
3538
Optim zation Conpl ete
Transferring Design 'ahtout’ to database ’ahtout.db’
Current design is '"ahtout’.
1
report_area
I nformation: Updating design information... (U D 85)

Ik kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkk ok k k

Report area

Design : ahtout

Ver si on: 1998. 08

Dat e Tue Nov 23 14:58:43 1999

R e R e T T T T

Li brary(s) Used:

| ca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db)

Nunber of ports: 48
Nunber of nets: 557
Nunber of cells: 471
Nunber of references: 22
Conbi national area: 536. 000000
Nonconbi nati onal area: 700. 000000
Net | nterconnect area: 765. 703064
Total cell area: 1236. 000000
Total area: 2001. 703125
1
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report_timng

Kk KA KA KKK AR KA KA KA A KAk AR KA AR Ak K
Report : timing
-path full
-del ay max
-max_paths 1
Design : ahtout
Version: 1998. 08
Dat e : Tue Nov 23 14:58:43 1999

B T Y

Operating Conditions: NOM Library: |ca300kv
Wre Loadi ng Mbdel Mde: enclosed

Desi gn W re Loadi ng Mdel Li brary

aht out B2X2 | ca300kv

Startpoint: pc_state_reg<l5>
(rising edge-triggered flip-flop clocked by O k_aht_out)
Endpoint: hilf_reg<0>
(rising edge-triggered flip-flop clocked by O k_aht_out)
Path G oup: d k_aht_out
Path Type: max

Poi nt I ncr Pat h
clock Gk_aht_out (rise edge) 0. 00 0. 00
cl ock network delay (ideal) 0.00 0.00
pc_state_reg<l5>/ CP (FDl) 0.00 0.00 r
pc_state_reg<l5>/ QN (FD1) 0.99 0.99 f
U374/ Z (ND2) 0. 47 1.46 r
U600/ Z (OR2P) 0.44 1.91r
U369/ Z (ND2) 0. 40 2.31 f
U578/ Z (AQT7) 0. 60 2.91r
U382/ Z (ND2) 0. 46 3.37 f
u446/z (1 VvP) 0.13 3.51r
U414/ Z (ND2) 1.36 4.86 f
u445/Z (1 VvP) 0.34 5.20 r
U591/ Z (1 VP) 0. 38 5.58 f
U444/ Z (AC8) 0.27 5.85 r
hi | f _reg<0>/D (FD1) 0. 00 5.85r
data arrival time 5.85
clock O k_aht_out (rise edge) 20. 00 20. 00
cl ock network delay (ideal) 0.00 20. 00
hi | f _reg<0>/ CP (FD1) 0. 00 20.00 r
library setup tinme -0.23 19. 77
data required tine 19. 77
data required tinme 19. 77
data arrival tinme -5.85
sl ack (MET) 13.92

1

conpil e -map_effort nedi um -boundary_optinm zation
Loadi ng desi gn 'ahtout’
Begi nni ng Mappi ng Optinizations (Mediumeffort)

Structuring 'ahtout’
Mappi ng ' aht out”’

TOTAL NEG DESI GN RULE

TRIALS AREA DELTA DELAY SLACK cosT

TOTAL NEG DESI GN RULE
TRIALS AREA DELTA DELAY SLACK COoSsT
0
0
Begi nni ng Area- Recovery Phase (cleanup)
TOTAL NEG DESI GN RULE
TRIALS AREA DELTA DELAY SLACK COoST
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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 .
19 2047.7 0.00 0.0 0.0
0
3187

Transferring Design 'ahtout’ to database ’ahtout.db’
Current design is '"ahtout’.
1

report_area
I nformation: Updating design information... (U D 85)

ok kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkk ok kk k

Report : area

Design : ahtout

Versi on: 1998. 08

Dat e : Tue Nov 23 14:59:27 1999

R e R e T T Y

Li brary(s) Used:

| ca300kv (File: /afs/informatik.uni-tuebingen.de/ti/synopsys/1998.8/libraries/syn/lca300kv.db)

Nunber of ports: 48
Nunber of nets: 565
Nunber of cells: 503
Nunber of references: 22
Conbi national area: 563. 000000
Nonconbi nati onal area: 700. 000000
Net | nterconnect area: 784. 687439
Total cell area: 1263. 000000
Total area: 2047. 687500
1

report_timng

kK K KR K K KK K KK KK KR K Kk K Kk
Report : timing
-path full
-del ay max
-max_paths 1
Design : ahtout
Ver si on: 1998. 08
Dat e : Tue Nov 23 14:59:27 1999

Ik kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkk ok kkkk ok

Operating Conditions: NOM Library: |ca300kv
Wre Loadi ng Mbdel Mde: enclosed

Desi gn Wre Loadi ng Mdel Li brary

aht out B2X2 | ca300kv

Startpoint: pc_state_reg<l6>
(rising edge-triggered flip-flop clocked by O k_aht_out)
Endpoint: hilf_reg<0>
(rising edge-triggered flip-flop clocked by O k_aht_out)
Path G oup: O k_aht_out
Path Type: max

Poi nt I ncr Pat h
clock O k_aht_out (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
pc_state_reg<l6>/ CP (FDl) 0.00 0.00 r
pc_state_reg<l6>/ QN (FD1) 0.95 0.95 f
U1012/ Z ( ND2) 0.53 1.48 r
U752/ Z (AC%) 0.55 2.03 f
U994/ Z ( AO7) 0.72 2.75 r
U732/ Z (ND2) 0.41 3.17 f
U1009/ Z (1VP) 0.32 3.48 r
U1007/Z (1VP) 0.21 3.69 f
u1008/ Z (1VP) 0. 46 4.15 r
U968/ Z (ND2) 0.34 4.49 f
U966/ Z ( AO7) 0.20 4.70 t
hi | f _reg<0>/D (FD1) 0.00 4.70 r
data arrival tine 4.70
clock dk_aht_out (rise edge) 20. 00 20. 00
cl ock network delay (ideal) 0.00 20. 00
hi | f _reg<0>/ CP (FD1) 0.00 20.00 r
library setup tinme -0.20 19. 80
data required tinme 19. 80



data required tine 19. 80
data arrival tine -4.70

slack (MET) 15.11
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