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Abstract

While hardwarepluginsarewell suitedfor processingdatawith high throughput,softwarepluginsarewell
suitedfor implementingcomplex control functions. A plugin modulehasbeenimplementedfor the FPX
thatexecutessoftwareon anembeddedsoft-coreprocessor. By includingthis modulein anFPX design,it
is possibleto implementactive networking functionson the FPX usingboth hardwareandsoftware. The
KCPSM,an8-bit microcontrollerdevelopedby Xilinx Corp.,hasbeenembeddedinto a FPX module.The
moduleincludescircuits to be reprogrammedover thenetwork andto executenew programsbetweenthe
processingof datapackets.A sampleapplication,calledtheFPX KCPSMModulehasbeendevelopedthat
illustrateshow easilyan applicationcanmake useof the hybrid system. This moduleloadsthe program
memoryof the KCPSM from an incomingUDP packet, andexecutesthe new programuponreceiving a
new incomingUDPpacket. Theresultingcircuit runsat70MHzandoccupies35%onaXilinx XCV1000E-
7-FG680.

Supportedby: NSFANI-0096052andXilinx Corp.
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1 Intr oduction

A small, active, andreconfigurableprocessingnodehasbeenimplementedasa modulefor the FPX [1]
usingtheProtocolWrappers[2] andtheKCPSM[3]. TheProtocolWrappersprocessthe incomingATM
cellsandprovide themodulewith valid UDP packets. Themodulethenloadsthecontentsof thepackets
into theprogramor datamemoryof theprocessoraccordingto thefirst word of thepayload.If themodule
takesin a programpacket, theKCPSMwill resetandrun thenew programafter it hasfinishedprocessing
thecurrentpacket. If themoduletakesin adatapacket, theKCPSMwill processthenew packet afterit has
finishedprocessingall of thepreviouspackets.Whenthemoduleis not acceptingany incomingpackets,it
will sendthecompletedprogramanddatapacketsbackto theProtocolWrappers.TheProtocolWrappers
packthecompletedpacketsinto valid ATM cells.TheFPXKCPSMModuleis shown in Figure1.
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Figure1: TheFPXKCPSMModule

For this project,a circuit is implementedso that it allows the programmemoryof the KCPSM to be
dynamicallyreprogrammedover thenetwork throughtheuseof UDP Datagrams.Therefore,the function
of the processingmodulecanbe changeddynamically, on a packet by packet basis. This functionality is
over andabove the featureof dynamicallyreprogrammingFPX hardwaremodules[4]. Currently, up to
four packets with a maximumlengthof 256 bytescanbe storedin the modulefor processingandup to
two programswith a maximumlengthof 256instructionscanbestoredin themodulefor execution.These
limits canbeeasilyextendedfor 32-bit softcoreprocessors,suchastheMicroblaze[5].
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2 Background of the FPX

TheFPX(FieldProgrammablePortExtender)[6] [7] is areprogrammablelogic devicethatprovidesahard-
wareplatform for the userto deploy network modules. It actsasan interfacebetweenthe line cardsand
theWUGS(WashingtonUniversityGigabitSwitch) [8], andit canbe insertedbetweenthesetwo cardsas
shown in Figure2.
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Figure2: Configurationfor theWUGS,FPX,andtheLine Cards

The FPX is composedof two FPGAs: the Network InterfaceDevice (NID) andthe Reprogrammable
ApplicationDevice (RAD) [9]. TheNID interconnectstheWUGS,the line cards,andtheRAD, andpro-
vides the logic to dynamicallyreprogramthe RAD. The RAD canbe programmedto hold user-defined
network modules,andis connectedto two SRAM andtwo SDRAM components.Figure3 shows themajor
componentsof theFPX.
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Although this projectis primarily designedfor andtargetedto theFPX andtheWUGSresearchenvi-
ronment,it is written in portableVHDL andcanbeusedin any FPGA-basedsystem.

3 Background of the KCPSM

TheKCPSM(Constant(K) CodedProgrammableStateMachine)isa8-bitmicrocontrollerandtakesonly35
CLBs in a FPGA.It provides49 differentinstructions,16 registers,256directly andindirectly addressable
ports,andamaskableinterruptat 35 millions instructionspersecond(MIPS). It canbeusedin conjunction
with anUART [10] to processserialinputandoutput.Its functionsandperformanceareadequateto process
packetsandcontrolnetwork traffic.

TheKCPSM wasdevelopedby KenChapmanof Xilinx Corp. andis designedfor usewith its Virtex
andSpartan-IIdevices. It is provided in theform of anEDIF macroandcanbeembeddedinto any FPGA
design.It alsoincludesanassembleranddebuggerfor writing andtestingprogramsfor theKCPSM.Two
modulesof dual-portmemoryarerequiredin orderto usetheKCPSM.Onedual-portmemoryactsasthe
programmemorywhile theotheractsasthedatamemory. BotharegeneratedusingtheCOREGENprogram
providedfrom Xilinx Corp.Theblock diagramof theKCPSMis shown in Figure4.
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Figure4: Block Diagramof theKCPSM

Thisdocumentservesasareferencefor implementingasoftcoreprocessorwithin aFPXmodule.Other
softcoreprocessors,suchas the MicroBlaze [5] from Xilinx Corp. could be implementedin a similar
manner.

4 Background of the ProtocolWrappers

TheProtocolWrappers[11] areusedin theFPXKCPSMmoduleto streamlineandsimplify thenetworking
functionsto processATM cells,AAL5 frames,IP packetsandUDP datagramsdirectly in hardware. It is a
layereddesignandconsistsof differentprocessingcircuitsin eachlayer; theblock diagramof theProtocol
Wrappersis shown in Figure5. At the lowestlevel, theCell Processorprocessesraw ATM cellsbetween
network interfaces.At thehigherlevels,theFrameProcessorprocessesvariablelengthAAL5 frameswhile
the IP ProcessorprocessesIP packets. At the userlevel, the UDP ProcessortransmitsandreceivesUDP
messages.Different layersof abstractionis important for networks becauseit allows applicationto be
implementedat a level whereimportantdetailsareexposedandirrelevantdetailsarehidden.This way, an
applicationthatinteractswith IP packetsor anapplicationthatinteractswith UDPmessagescanequallyuse
theProtocolWrapperseffectively.
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Figure5: Block Diagramof theProtocolWrappers.

For detailedinstructionson how to usethe ProtocolWrappers,pleaserefer to the ProtocolWrappers
webpage[12].

5 Implementation of the Interface

All operationsof the FPX KCPSM modulearecontrolledby an interfacecircuit that residesbetweenthe
KCPSM and the ProtocolWrapper. It switchesthe sourceand destinationIP addressand port number,
buffers the incomingUDP packets, checksif they areDatapacketsor Programpackets,andstoresthem
into theDataor ProgramMemoryrespectively. It alsoresetstheKCPSM,echoestheProgrampackets,and
writesthecompletedDatapacketsbackto thesender. Theoverview of theInterfaceis shown in Figure6.

5.1 Switching the Sourceand Destination IP Addressand Port Number of the UDP Packets

TheKCPSMInterfaceswitchesthesourceanddestinationIP addressandport numberof theUDP packets
sothattheunmodifiedprogrampacket andthecompleteddatapacket canbeechoedbackto thesender.

5.2 UDP PacketsFIFO Control

A FIFO buffers incomingUDP packets. Buffering of thedatais requiredbecausetheUDP PacketsStore
Controlunit mustwait for theresultsfrom theUDPPacketsTypeCheckunit in orderto determinewhether
to storethecontentsof theUDPpacketsinto theprogrammemoryor thedatamemory.

5.3 UDP PacketsType Check

While the FIFO buffers incomingUDP packets, the UDP PacketsType Checkunit checksthemto seeif
they areDatapacketsor Programpackets. It looks for thefirst word of the UDP payload;a 0x00000000
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Figure6: Overview of theKCPSMInterface

indicatesa Programpacket, and a 0x00000001indicatesa Data packet. Onceit knows the type of the
incomingpackets,theUDP PacketsStoreControlunit canprocessthemaccordingly.

5.4 UDP PacketsStore Control

TheUDPPacketsStoreControlunit storestheDatapacketsandtheProgrampacketsdifferently. If they are
Datapackets, it will storethe whole packets including the ATM, AAL5 Frame,IP andUDP headers,the
UDPpayload,andtheATM trailersinto theDataMemory. If they areProgrampackets,it will only storethe
UDP payload,which is theKCPSMprogram,into theProgramMemory. After it storesa Programpacket,
it will incrementtheprogramqueuecounterto indicatethatanew programhasjustbeenloaded.It will also
incrementthebankcounterof theDataMemoryor theProgramMemoryaccordinglysothatthenext Data
packet or thenext Programpacket will storeinto thenext bankof theDataMemoryor thenext bankof the
ProgramMemory.

5.5 KCPSM ResetControl

TheKCPSMResetControlunit will only resettheKCPSM oncetheKCPSMhasfinishedprocessingthe
currentDatapacket. It will first checkif thereis unprocessedDatapacket storedin theDataMemory. If
thereis unprocesseddatapacket, it will incrementthe bankcounterof the DataMemory so that the next
Datapacket storedin theDataMemorywill beprocessednext. It will alsocheckif thereis a new program
storedin theProgramMemory. If thereis nonew program,it will just resettheKCPSMsothattheKCPSM
will processthenext Datapacket usingthecurrentprogram.If thereis anew program,it will incrementthe
bankcounterof theProgramMemorysothat theKCPSMwill processthenext Datapacket usingthenew
program.In eithercase,theKCPSMResetControlunit resetstheKCPSMby assertingtheInterruptinput
of theKCPSMfor two clock cycles.
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5.6 Unmodified Program PacketsEchoControl

OncetheUDPPacketsStoreControlunit knowsthattheincomingUDPpacketscontainKCPSMprograms,
theProgramPacketsEchoControlunit will automaticallyechothembackto thenetwork. Receptionof a
valid programpacket is guaranteedbecausethe ProtocolWrappersverifies that a new programhasbeen
transferred.

5.7 CompletedData PacketsWrite Control

TheDataPacketsWrite Controlunit will only write thecompleteddatapacketsbackto theProtocolWrap-
perswhenthereis no new incomingdatapacket. If a new datapacket arriveswhile it is writing a packet,
it will pausethecurrentwriting process.TheDataPacketsWrite Controlunit will alsoincrementthewrite
queuecounterwhentheKCPSMindicatesthatit hasjustfinishedprocessingadatapacket. Whenit is ready
to write, it will write thenumberof completedDatapacketsindicatedby thewrite queuecounter.

6 Program Packet Processing

Thismodulehastwo banksof programmemory, andeachbankcanstoreaprogramwith amaximumlength
of 256 instructions.TheProgramMemory is built usingdual-portRAMs. TheKCPSM readsthecurrent
programon oneport while the Interfacestoresthe new programon the otherport. Becausethe Interface
storesthenew programin thealternatebankof theprogrammemoryandbecausethetwo dataportsof the
dual-portRAM operateindependently, theKCPSMandtheInterfacecanperformtheir tasksimultaneously.
As soonastheInterfacebeginsstoringa new programin theprogrammemory, it alsowrites it backout to
theProtocolWrappersso that theunmodifiedprogrampacket is echoedbackto thesender. Theoverview
of this schemeis shown in Figure7.
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Figure7: Overview of theProgramPacket ProcessingConfiguration

Oncetheentirecontentof a new programis storedin thealternatebankof theprogrammemory, and
oncethecurrentdatapacket (if any) is completelyprocessedby theKCPSM,thecontext of theKCPSMis
switchedto thenew program.TheKCPSMthenprocessesthenext datapacket (if any) storedin thenext
bankof thedatamemory.

7



7 Data Packet Processing

Thismodulehasfour banksof datamemory, andeachbankcanstoreadatapacket with amaximumlength
of 256bytes,includingtheATM, AAL5, IP andUDP header, theUDP payload,andtheATM trailer. The
DataMemory is alsobuilt usingdual-portRAMs, so theKCPSMcanreadthecurrentdatapacket on one
port while theInterfacestoresa new datapacket on theother. BecausetheKCPSMandtheInterfacework
ondifferentbanksandbecausethetwo dataportsof thedual-portRAM operateindependently, theKCPSM
andtheInterfacecanperformtheir tasksimultaneously. BecausetheInterfaceonly usesoneport, it cannot
readandwrite to theDataMemorysimultaneously. TheInterfacewill only write thecompleteddatapacket
backto theProtocolWrapperswhenthereis no incomingdatapacket. If anew incomingdatapacketarrives
while theInterfaceis writing, it will pausethewrite process,storethenew packet to theDataMemory, and
thenlaterresumethewrite processafterwards.Theoverview of thisschemeis shown in Figure8.
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In order to implementthis design,the Interfaceincrementsa write queuecounterwhenthe KCPSM
signalsthat it hasfinishedprocessinga datapacket, and decrementsthe counterwhen it haswritten a
completeddatapacket backto theProtocolWrappers.The Interfacewill continuewriting completeddata
packetsbackto theProtocolWrapperssolongasthewrite queuecounterisnotzeroandthereis noincoming
datapacket.

8 Programming the KCPSM

TheKCPSMexecutesprogramsstoredin theProgramMemory. As describedearlier, theProgramMemory
canstoretwo programsat the sametime, andeachprogramis limited to 256 bytes. Programsshouldbe
assembledto startat address0x00. TheInterruptinput of theKCPSMis usedto resettheprocessor. Once
the Interrupt input is asserted,the programaddressof the KCPSM is forcedto address0xFF. In orderto
properlyresettheKCPSM,the instructionlocatedat address0xFFshouldbea NOPinstruction,soon the
next clock cycle, theprogramaddresscanroll over andreturnbackto address0x00. Therefore,eachpro-
gramis effectively limited to 255bytes.

TheKCPSMreadsfrom andwritesto thedatastoredin theDataMemory. As describedearlier, theData
memorycanstorefour datapacketsat thesametime,andeachpacket is limited to 256bytes.However, the
Interfacemodulelooks for a KCPSMwrite to address0xFFasan indicationto resettheKCPSM,soeach
datapacket is effectively limited to 255bytes.
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8.1 Assemblinga KCPSM Program

An assemblercalledKCPSMBLE is includedin the KCPSM packagefrom Xilinx Corp andneedsto be
executedin aPCplatform.KCPSMprogramsarebestwrittenusingplain text editorssuchasNotepad.The
programfile needsto besavedin a8.3file formatwith a .PSMextension.

Thecommandline usedto assembleaKCPSMprogramis: kcpsmble prog_name.psm.

After KCPSMBLEfinishesassemblingtheprogram,severalfiles aregenerated:

F Direct EDIF netlist(<prog_name>.edn). It is a ”black box” for a single-portblock RAM, andits
contenthasbeeninitialized to the machinecodeof the programstartingat address0x00. This file
canbe usedfor synthesisimmediatelyif theKCPSM is connectedto theProgramMemory usinga
single-portblock RAM in aROM configuration.

F Coefficient File (<prog_name>.coe). It is a coefficient file usedby COREGEN.This file canbe
modifiedsothattheKCPSMcanconnectto theProgramMemoryusingany blok RAM configuration.
For this project,thecoefficient file generatedby KCPSMBLEhasbeenmodifiedsothatCOREGEN
cangenerateadual-portblock RAM modulewith its contentbeinginitialized to themachinecodeof
theprogram.

F FORMAT.PSMFile. It is theorginal file reformatted.
F Log File (<prog_name>.log). It shows theassemblyprocessin details.
F Xilinx FoundationSimulationFile (<prog_name>.hex). It is usedto initialize thecontentsof the
block RAM in simulation.

8.2 Registers,Constantsand SpecialInstructions

TheKCPSMhas16 8-bit registersandcanbeusedin theprogramusingthe”sX” format,where”X” is one
of thefollowing: 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F. Constantscanalsobeusedin theprogram
andis specifiedin theform of a two-digit hexadecimalvaluerangingfrom 0x00to 0xFF.

TheKCPSMprovidesseveralspecialinstructionsusedto handlingInterruptandI/O operations:

F ENABLE INTERRUPT. This instructionenablesfuture interruptrequests.If the programwantsto
supportinterruptrequests,this instructionshouldbe thefirst instructionof theprogrambecausethe
KCPSMdoesnotenableinterruptrequestby default.

F DISABLE INTERRUPT. This instructiondisablesfutureinterruptrequests.
F RETURNI ENABLE. This instructionis a specialvariationof theRETURN instruction.It concludes
aninterruptserviceroutineandspecifiesthatfutureinterruptrequestsareenabled.

F RETURNI DISABLE. This instructionis thesameastheRETURNI ENABLE instructionexceptit
specifiesthatfutureinterruptrequestsaredisabled.

F INPUT. This instructionenables8-bit datavaluesexternalto theKCPSMto betransferredto any one
of theinternalregisters.Theportaddresscanbespecifieddirectlyasa constantvalueor indirectlyas
thecontentsof any otherregisters.

F OUTPUT. Thisinstructionenables8-bit datavaluesin any oneof theinternalregistersto betransferred
to logic external to the KCPSM. The port addresscanbe specifieddirectly as a constantvalueor
indirectlyasthecontentsof any otherregisters.

For detailedexplanationof every instructionavailableto theKCPSM,pleasereferto theKCPSMApplica-
tion Notes[3].
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8.3 A SimpleProgram

An sampleKCPSMprogramthatimplementsa down counterandoutputsthevaluesof thecounteron port
address0x01is shown below.

;This program implements a DOWN counter
;By Henry Fu
;(c) 2001 Washington University, Applied Research Lab

ENABLE INTERRUPT
INIT: LOAD SA,80 ;INITIAL VALUE IS 15
LOOP: OUTPUT SA,01 ;SEND IT OUT ON PORT 01

SUB SA,01 ;DECREMENT BY 1
CONT: JUMP NZ,LOOP ;KEEP COUNTING

JUMP INIT ;KEEP DOING IT FOREVER

Theassembleroutputof theexampleprogramis shown below.

KCPSM Assembler v1.11 Ken Chapman (Xilinx-UK) 2000

PASS 1 - Reading PSM file with basic format checking

;This program implements a DOWN counter
;By Henry Fu
;(c) 2001 Washington University, Applied Research Lab

ENABLE INTERRUPT
INIT: LOAD SA,80 ;INITIAL VALUE IS 15
LOOP: OUTPUT SA,01 ;SEND IT OUT ON PORT 01

SUB SA,01 ;DECREMENT BY 1
CONT: JUMP NZ,LOOP ;KEEP COUNTING

JUMP INIT ;KEEP DOING IT FOREVER

PASS 2 - Computing program addresses and building Label cross reference

00 ;This program implements a DOWN counter
00 ;By Henry Fu
00 ;(c) 2001 Washington University, Applied Research Lab
00 ENABLE INTERRUPT
01 INIT: LOAD sA,80 ;INITIAL VALUE IS 15
02 LOOP: OUTPUT sA,01 ;SEND IT OUT ON PORT 01
03 SUB sA,01 ;DECREMENT BY 1
04 CONT: JUMP NZ,LOOP ;KEEP COUNTING
05 JUMP INIT ;KEEP DOING IT FOREVER

PASS 3 - Resolving operands, constants and labels

;This program implements a DOWN counter
;By Henry Fu
;(c) 2001 Washington University, Applied Research Lab

ENABLE INTERRUPT
INIT: LOAD sA,80 ;INITIAL VALUE IS 15
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LOOP: OUTPUT sA,01 ;SEND IT OUT ON PORT 01
SUB sA,01 ;DECREMENT BY 1
CONT: JUMP NZ,LOOP ;KEEP COUNTING
JUMP INIT ;KEEP DOING IT FOREVER

PASS 4 - Writing formatted version of program to file ’format.psm’

PASS 5 - Assemble - Log file ’test.log’.

PASS 6 - Writing ROM template file ’test.coe’.
Writing HEX file for simulation utilities ’test.hex’.

PASS 7 - Writing EDIF program ROM design file ’test.edn’.

KCPSMBLE complete.

8.4 Debugging a KCPSM Program

A simpledebuggercalledPSMDEBUG is includedin theKCPSMpackagefrom Xilinx Corpandneedsto
beexecutedin a PCplatform. It allows theuserto testtheoperationof theprogramandprovidesinternal
programdetailssuchasprogramflow, I/O operations,andvaluesof internalregistersandflags.Noticethat
the”.coe” file usedmustbetheonegeneratedby KCPSMBLEandbeunmodified.

Thecommandline usedto debug a KCPSMprogramis: psmdebug prog_name.coe.

Detail instructionson how to debug the programwill appearon the screenafter PSMDEBUG is exe-
cuted.

8.5 Converting a KCPSM Program for Simulation, Synthesis,and Testing

Becausethe”.coe” file generatedby KCPSMBLEis targetedto usewith Single-PortblockRAMs generated
by COREGEN,somemodificationsto thatfile mustbemadebeforeit canbeusedwith theDual-Portblock
RAMS. Also, theraw contentof theKCPSMprogramstoredin the”.coe” file mustbeconvertedbeforeit
canbeusedfor simulationor laboratorytesting.A C programcalledCONVERT is written to accomplish
thesetasks.

Thecommandline usedis: convert prog_name.coe.

Two files aregeneratedaftertheCONVERT programis executed:

F program.coe. It is a coefficient file usedby COREGENto generatea dual-portblock RAM. The
contentof thegenerateddual-portblock RAM will bepreloadedwith theKCPSMprogram.

F INST.TBP. It is a file usedby the IP2FAKE and UDPTESTprograms. IP2FAKE takes in the
INST.TBP file to produceda fake ATM cell for simulation,andUDPTESTtakes in the INST.TBP
to sendaUDP datagramover thenetwork.
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8.6 A KCPSM Program Template

All KCPSMprogramsshouldfollow atemplatein orderfor themto work with theInterfacemodule.A pro-
gramshouldfirst enablestheinterruptof theKCPSMsothattheInterfaceunit is ableto resettheKCPSM.
Next, it shouldcheckif adatapacket is storedin thememory. If thereis nodatapacketstoredin thememory,
it shouldsignalto theInterfacethatit hasdoneprocessingandthereis no write by writing 0x00to address
0xFF. If thereis a datapacket storedin thememory, it canstartprocessing.After theprocessingis done,it
shouldsignalsto theInterfacethatit hasdoneprocessingby writing 0xFFto address0xFF. Finally, it should
suspendstheKCPSM.A KCPSMprogramtemplateis shown below.

;Enable KCPSM Interrupt so that the KCPSM Interface can reset the KCPSM
ENABLE INTERRUPT

;Check if there is new data packet in memory
;if no data, signal KCPSM Interface that process is done with no write
;if there is data, proceed to process data
INIT: INPUT SA,03 ;LOAD M[03] TO SA

SUB SA,00 ;COMPARE SA TO 00
JUMP NZ,CHK ;DATA IN MEMORY, PROCEED
LOAD SA,00 ;NO DATA, LOAD 00 TO SA, no write, signal done
OUTPUT SA,FF ;WRITE 00 TO M[FF], no write, signal done
JUMP WAIT ;WAIT

;Assembly code to process data
CHK: ;Assembly code goes here

;Signal KCPSM Interface that process is done, and needs to write it out
DONE: LOAD SA,FF ;LOAD FF TO SA, signal done

OUTPUT SA,FF ;WRITE FF TO M[FF], write, signal done

;Jump to end of program, Suspend KCPSM
ADDRESS FE

WAIT: JUMP WAIT

8.7 A CompleteProgram: String Replacement

Thefollowing exampleexercisestheKCPSManddemonstratesthesoftwarereconfigurabilityof this FPX
module. The first programdoesnot performany modificationto the UDP packet. The secondprogram
looksfor thestring’Hello’ in thepayloadof anUDPpacket,andonceit findsamatch,it replacesthestring
’Hello’ with ’Henry’. Thethird programlooksfor thestring’Hello’ in thepayloadof anUDP packet, and
onceit findsamatchit appendsthestring’ Henry’ after’Hello’.

Thesourcecodefor thefirst programis shown below.

;Check if there is a new data packet in memory,
;If yes, signal done
;By Henry Fu
;(c) Washington University Applied Research Lab
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ENABLE INTERRUPT

;Check if there is new data packet in memory
INIT: INPUT SA,03 ;LOAD M[03] TO SA

SUB SA,00 ;COMPARE SA TO 00
JUMP NZ,DONE ;DATA IN MEMORY, PROCEED
LOAD SA,00 ;NO DATA, LOAD 00 TO SA, no write, signal done
OUTPUT SA,FF ;WRITE 00 TO M[FF], no write, signal done
JUMP WAIT ;WAIT

;Signal processing done
DONE: LOAD SA,FF ;LOAD FF TO SA, signal done

OUTPUT SA,FF ;WRITE FF TO M[FF], write, signal done

;Jumps to end of program, Suspend KCPSM
ADDRESS FE

WAIT: JUMP WAIT

Thesourcecodefor thesecondprogramis shown below.

;Check if the data at Address 24 to 28 = ’Hello’,
;If yes, change it to ’Henry’
;By Henry Fu
;(c) Washington University Applied Research Lab

ENABLE INTERRUPT

;Check if there is new data packet in memory
INIT: INPUT SA,03 ;LOAD M[03] TO SA

SUB SA,00 ;COMPARE SA TO 00
JUMP NZ,CHK ;DATA IN MEMORY, PROCEED
LOAD SA,00 ;NO DATA, LOAD 00 TO SA, no write, signal done
OUTPUT SA,FF ;WRITE 00 TO M[FF], no write, signal done
JUMP WAIT ;WAIT

;Check the string ’Hello’ in payload
CHK: INPUT SA,24 ;LOAD M[24] TO SA

SUB SA,48 ;COMPARE SA TO ’H’
JUMP NZ,DONE ;NOT EQUAL => NO CHANGE
INPUT SA,25 ;LOAD M[25] TO SA
SUB SA,65 ;COMPARE SA TO ’e’
JUMP NZ,DONE ;NOT EQUAL => NO CHANGE
INPUT SA,26 ;LOAD M[26] TO SA
SUB SA,6C ;COMPARE SA TO ’l’
JUMP NZ,DONE ;NOT EQUAL => NO CHANGE
INPUT SA,27 ;LOAD M[27] TO SA
SUB SA,6C ;COMPARE SA TO ’l’
JUMP NZ,DONE ;NOT EQUAL => NO CHANGE
INPUT SA,28 ;LOAD M[28] TO SA
SUB SA,6F ;COMPARE SA TO ’o’
JUMP NZ,DONE ;NOT EQUAL => NO CHANGE
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;Replace the string ’Hello’ with ’Henry’
LOAD SA,48 ;LOAD ’H’ TO SA
OUTPUT SA,24 ;WRITE SA TO M[24]
LOAD SA,65 ;LOAD ’e’ TO SA
OUTPUT SA,25 ;WRITE SA TO M[25]
LOAD SA,6E ;LOAD ’n’ TO SA
OUTPUT SA,26 ;WRITE SA TO M[26]
LOAD SA,72 ;LOAD ’r’ TO SA
OUTPUT SA,27 ;WRITE SA TO M[27]
LOAD SA,79 ;LOAD ’y’ TO SA
OUTPUT SA,28 ;WRITE SA TO M[28]

;Signal processing done
DONE: LOAD SA,FF ;LOAD FF TO SA, signal done

OUTPUT SA,FF ;WRITE FF TO M[FF], write, signal done

;Jump to end of program, Suspend KCPSM
ADDRESS FE

WAIT: JUMP WAIT

Thesourcecodefor thethird programis shown below.

;Check if the data at Address 24 to 28 = ’Hello’,
;If yes, change the data at Address 29 to 2E = ’ Henry’
;By Henry Fu
;(c) 2001 Washington University Applied Research Lab

ENABLE INTERRUPT

;Check if there is new data packet in memory
INIT: INPUT SA,03 ;LOAD M[03] TO SA

SUB SA,00 ;COMPARE SA TO 00
JUMP NZ,CHK ;DATA IN MEMORY, PROCEED
LOAD SA,00 ;NO DATA, LOAD 00 TO SA, no write, signal done
OUTPUT SA,FF ;WRITE 00 TO M[FF], no write, signal done
JUMP WAIT ;WAIT

;Check the string ’Hello’ in the payload
CHK: INPUT SA,24 ;LOAD M[24] TO SA

SUB SA,48 ;COMPARE SA TO ’H’
JUMP NZ,DONE ;NOT EQUAL => NO CHANGE
INPUT SA,25 ;LOAD M[25] TO SA
SUB SA,65 ;COMPARE SA TO ’e’
JUMP NZ,DONE ;NOT EQUAL => NO CHANGE
INPUT SA,26 ;LOAD M[26] TO SA
SUB SA,6C ;COMPARE SA TO ’l’
JUMP NZ,DONE ;NOT EQUAL => NO CHANGE
INPUT SA,27 ;LOAD M[27] TO SA
SUB SA,6C ;COMPARE SA TO ’l’
JUMP NZ,DONE ;NOT EQUAL => NO CHANGE
INPUT SA,28 ;LOAD M[28] TO SA
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SUB SA,6F ;COMPARE SA TO ’o’
JUMP NZ,DONE ;NOT EQUAL => NO CHANGE

;Move ATM trailer one word down in memory to create
;space for the appended string ’ Henry’
TRAIL: INPUT SA,33 ;LOAD M[33] TO SA

OUTPUT SA,37 ;WRITE SA TO M[37]
INPUT SA,32 ;LOAD M[32] TO SA
OUTPUT SA,36 ;WRITE SA TO M[36]
INPUT SA,31 ;LOAD M[31] TO SA
OUTPUT SA,35 ;WRITE SA TO M[35]
INPUT SA,30 ;LOAD M[30] TO SA
OUTPUT SA,34 ;WRITE SA TO M[34]
INPUT SA,2F ;LOAD M[2F] TO SA
OUTPUT SA,33 ;WRITE SA TO M[33]
INPUT SA,2E ;LOAD M[2E] TO SA
OUTPUT SA,32 ;WRITE SA TO M[32]
INPUT SA,2D ;LOAD M[2D] TO SA
OUTPUT SA,31 ;WRITE SA TO M[31]
INPUT SA,2C ;LOAD M[2C] TO SA
OUTPUT SA,30 ;WRITE SA TO M[30]

;Append the string ’ Henry’ after the string ’Hello’
LOAD SA,20 ;LOAD ’ ’ TO SA
OUTPUT SA,29 ;WRITE SA TO M[29]
LOAD SA,48 ;LOAD ’H’ TO SA
OUTPUT SA,2A ;WRITE SA TO M[2A]
LOAD SA,65 ;LOAD ’e’ TO SA
OUTPUT SA,2B ;WRITE SA TO M[2B]
LOAD SA,6E ;LOAD ’n’ TO SA
OUTPUT SA,2C ;WRITE SA TO M[2C]
LOAD SA,72 ;LOAD ’r’ TO SA
OUTPUT SA,2D ;WRITE SA TO M[2D]
LOAD SA,79 ;LOAD ’y’ TO SA
OUTPUT SA,2E ;WRITE SA TO M[2E]
LOAD SA,00 ;LOAD null character TO SA
OUTPUT SA,2F ;WRITE NULL TO M[2F]

;Update the length of the UDP packet
LOAD SA,18 ;LOAD 0x18 TO SA
OUTPUT SA,1D ;WRITE SA TO M[1D]
LOAD SA,00 ;LOAD 0x00 TO SA
OUTPUT SA,1C ;WRITE SA TO M[1C]

;Signal processing done
DONE: LOAD SA,FF ;LOAD FF TO SA, signal done

OUTPUT SA,FF ;WRITE FF TO M[FF], write, signal done

;Jump to end of program, Suspend KCPSM
ADDRESS FE

WAIT: JUMP WAIT
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9 Implementation Results

Thecircuit to implementtheFPX KCPSMmodulewassimulatedusingModelsim.Oncethefunctionality
of thecircuit is verified,it wasthensynthesizedto a Xilinx XCV1000E-FG680-7usingSynplicity Proand
Xilinx backendsynthesistools.

9.1 VHDL Implementation

TheVHDL sourcecodeof theInterfacemoduleis shown below.

-- $Id: interface.vhd,v 1.4 2001/08/13 21:01:14 hwf1 Exp $
--
-- KCPSM Interface
-- This interface parses a UDP datagram. If it is a KCPSM instruction code,
-- stores it into the dual port program ram. If it is a KCPSM data, stores
-- it into the dual port data ram. After KCPSM has processed the datagram,
-- it echoes back it out.
--
-- Author: Henry Fu
-- (c) 2001 Washington University, Applied Research Lab
--
-- this is the actual Interface entity
--

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.STD_LOGIC_ARITH.all;
use IEEE.std_logic_unsigned.all;

entity Interface is

port (
CLK : in std_logic; -- clock
Reset_l : in std_logic; -- reset

D_MOD_IN : in std_logic_vector (31 downto 0); -- data
DataEn_MOD_IN : in std_logic; -- data enable
SOF_MOD_IN : in std_logic; -- start of frame
EOF_MOD_IN : in std_logic; -- end of frame
SOD_MOD_IN : in std_logic; -- start of datagram
TCA_MOD_IN : out std_logic; -- congestion control

D_OUT_MOD : out std_logic_vector (31 downto 0); -- data
DataEn_OUT_MOD : out std_logic; -- data enable
SOF_OUT_MOD : out std_logic; -- start of frame
EOF_OUT_MOD : out std_logic; -- end of frame
SOD_OUT_MOD : out std_logic; -- start of datagram
TCA_OUT_MOD : in std_logic; -- congestion control

KCPSM_INTERRUPT: out std_logic; -- KCPSM Interrupt
KCPSM_READ_STROBE : in std_logic;
KCPSM_WRITE_STROBE : in std_logic;
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KCPSM_PROG_BANK: out std_logic;
KCPSM_DATA_BANK: out std_logic_vector (1 downto 0);
KCPSM_PORT_ID : in std_logic_vector (7 downto 0);
KCPSM_OUTPUT : in std_logic_vector (7 downto 0);

PROGRAM_ADDRB : out std_logic_vector (7 downto 0); -- pram address line
PROGRAM_DIB : out std_logic_vector (31 downto 0); -- pram data in line
PROGRAM_WEB : out std_logic; -- pram write enable
PROGRAM_ENB : out std_logic; -- pram chip enable
PROGRAM_DOB : in std_logic_vector (31 downto 0); -- pram data out line
DATARAM_ADDRB : out std_logic_vector (7 downto 0); -- dram address line
DATARAM_DIB : out std_logic_vector (31 downto 0); -- dram data in line
DATARAM_WEB : out std_logic; -- dram write enable
DATARAM_ENB : out std_logic; -- dram chip enable
DATARAM_DOB : in std_logic_Vector (31 downto 0)); -- dram data out line

end Interface;

architecture behavior of Interface is

-----------------------------------------------------------------------------
-- HEADER FIFO
-----------------------------------------------------------------------------
component fifo_63x36
port (

din: IN std_logic_VECTOR(35 downto 0);
wr_en: IN std_logic;
wr_clk: IN std_logic;
rd_en: IN std_logic;
rd_clk: IN std_logic;
ainit: IN std_logic;
dout: OUT std_logic_VECTOR(35 downto 0);
full: OUT std_logic;
empty: OUT std_logic);

end component;

-----------------------------------------------------------------------------
-- UDP Echo
-----------------------------------------------------------------------------
component UDPEcho
port (

CLK : in std_logic; -- clock
Reset_l : in std_logic; -- synchronous reset, active low
D_MOD_IN : in std_logic_vector (31 downto 0); -- cell data
DataEn_MOD_IN : in std_logic; -- data enable
SOF_MOD_IN : in std_logic; -- start of frame
EOF_MOD_IN : in std_logic; -- end of frame
SOD_MOD_IN : in std_logic; -- start of datagram
TCA_MOD_IN : out std_logic; -- congestion control
D_OUT_MOD : out std_logic_vector (31 downto 0); -- cell data
DataEn_OUT_MOD : out std_logic; -- data enable
SOF_OUT_MOD : out std_logic; -- start of frame
EOF_OUT_MOD : out std_logic; -- end of frame
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SOD_OUT_MOD : out std_logic; -- start of datagram
TCA_OUT_MOD : in std_logic); -- congestion control

end component;

-----------------------------------------------------------------------------
-- input buffer
-----------------------------------------------------------------------------
signal data_in : std_logic_vector (31 downto 0); -- data input
signal dataen_in : std_logic; -- data enable
signal sof_in : std_logic; -- start of frame
signal eof_in : std_logic; -- end of frame
signal sod_in : std_logic; -- start of datagram
signal tca_out : std_logic;

-----------------------------------------------------------------------------
-- udpecho out buffer
-----------------------------------------------------------------------------
signal data_e : std_logic_vector (31 downto 0); -- data input
signal dataen_e : std_logic; -- data enable
signal sof_e : std_logic; -- start of frame
signal eof_e : std_logic; -- end of frame
signal sod_e : std_logic; -- start of datagram
signal tca_e : std_logic;

-----------------------------------------------------------------------------
-- fifo out buffer
-----------------------------------------------------------------------------
signal data_f : std_logic_vector (31 downto 0);
signal dataen_f : std_logic;
signal sof_f : std_logic;
signal eof_f : std_logic;
signal sod_f : std_logic;

-----------------------------------------------------------------------------
-- final buffer
-----------------------------------------------------------------------------
signal dataen_buf : std_logic;
signal sof_buf : std_logic;
signal eof_buf : std_logic;
signal sod_buf : std_logic;

-----------------------------------------------------------------------------
-- intermediate buffer
-----------------------------------------------------------------------------
signal dataen_int : std_logic;
signal sof_int : std_logic;
signal eof_int : std_logic;
signal sod_int : std_logic;

-----------------------------------------------------------------------------
-- output buffer
-----------------------------------------------------------------------------
signal data_out : std_logic_vector (31 downto 0);
signal dataen_out : std_logic;
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signal sof_out : std_logic;
signal eof_out : std_logic;
signal sod_out : std_logic;

-----------------------------------------------------------------------------
-- fifo signal
-----------------------------------------------------------------------------
signal fifo_din2 : std_logic_vector (35 downto 0);
signal fifo_dout2 : std_logic_vector (35 downto 0);
signal ainit : std_Logic;
signal wr_en2 : std_logic;
signal rd_en2 : std_Logic;
signal full : std_logic;
signal empty : std_logic;

-----------------------------------------------------------------------------
-- kcpsm signal
-----------------------------------------------------------------------------
signal kcpsm_read_strobe_in : std_logic;
signal kcpsm_write_strobe_in : std_logic;
signal kcpsm_port_id_in : std_logic_vector (7 downto 0);
signal kcpsm_output_in : std_logic_vector (7 downto 0);

-----------------------------------------------------------------------------
-- control signal
-----------------------------------------------------------------------------
signal addr_count : unsigned (6 downto 0); -- pram address counter
signal bank_count : unsigned (0 downto 0); -- pram address bank counter
signal addrd_count : unsigned (5 downto 0); -- dram address counter (rd)
signal bankd_count : unsigned (1 downto 0); -- dram address bank counter (rd)
signal prog_bank : unsigned (0 downto 0); -- KCPSM pram address bank
signal data_bank : unsigned (1 downto 0); -- KCPSM dram address bank
signal addrd2_count : unsigned (5 downto 0); -- dram address counter (wr)
signal bankd2_count : unsigned (1 downto 0); -- dram address bank counter (wr)
signal payload_count : unsigned (5 downto 0);
signal write_queue_count : unsigned (1 downto 0);
signal program_queue_count : unsigned (0 downto 0);
signal enb : std_logic;
signal web : std_logic;
signal k_int2 : std_logic;
signal enbd : std_logic;
signal enbd2 : std_logic;
signal webd : std_logic;
signal is_start : std_logic;
signal is_data : std_logic;
signal is_program : std_logic;
signal is_nopayload : std_logic;
signal wr_grant : std_logic;
signal wr_done : std_logic;
signal fifo2udp : std_logic;
signal ram2udp : std_logic;
signal is_loaded : std_logic;
signal is_reload : std_logic;
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-----------------------------------------------------------------------------
-- udp to fifo state machine
-----------------------------------------------------------------------------
type UDP2FIFO_StateType is (Idle, UDP2FIFO, Done, Done2); -- states
signal udp2fifo_state : UDP2FIFO_StateType; -- current udp2dpram state
signal nx_udp2fifo_state : UDP2FIFO_StateType; -- next udp2dpram state

-----------------------------------------------------------------------------
-- check data / program state machine
-----------------------------------------------------------------------------
type CHK_D_I_StateType is (Idle, Req, Req2, CHK_D_I, Program, Data,

Nopayload);
signal chk_d_i_state : CHK_D_I_StateType; -- current udp2dpram state
signal nx_chk_d_i_state : CHK_D_I_StateType; -- next udp2dpram state

-----------------------------------------------------------------------------
-- udp to dpram state machine
-----------------------------------------------------------------------------
type FIFO2RAM_StateType is (Idle, Start,

fifo2program_req, fifo2program_udp,
fifo2program_chk, fifo2program_copy,
fifo2program_go, fifo2program_go2,
fifo2dataram_copy, fifo2dataram_go,
fifo2dataram_go2, fifopassthru,
fifopassthru_go, fifopassthru_go2);

signal fifo2ram_state : FIFO2RAM_StateType; -- current udp2dpram state
signal nx_fifo2ram_state : FIFO2RAM_StateType; -- next udp2dpram state

-----------------------------------------------------------------------------
-- fifo to udp state machine
-----------------------------------------------------------------------------
type FIFO2UDP_StateType is (Idle, Start, fifo2udp_copy,

fifo2udp_go, fifo2udp_go2);
signal fifo2udp_state : FIFO2UDP_StateType; -- current udp2dpram state2
signal nx_fifo2udp_state : FIFO2UDP_StateType; -- next udp2dpram state

-----------------------------------------------------------------------------
-- ram to udp state machine
-----------------------------------------------------------------------------
type RAM2UDP_StateType is (Idle, ram2udp_copy, ram2udp_copy2,

ram2udp_sof, ram2udp_ip_header,
ram2udp_ip_header2, ram2udp_ip_header3,
ram2udp_ip_header4, ram2udp_ip_header5,
ram2udp_udp_header, ram2udp_udp_header2,
ram2udp_payload, ram2udp_trail_copy,
ram2udp_trail_copy2, ram2udp_trailer,
ram2udp_trailer2, ram2udp_done);

signal ram2udp_state : RAM2UDP_StateType; -- current udp2dpram state2
signal nx_ram2udp_state : RAM2UDP_StateType; -- next udp2dpram state
signal pv_ram2udp_state : RAM2UDP_StateType; -- previous udp2dpram state

-----------------------------------------------------------------------------
-- reset KCPSM state machine after data write
-----------------------------------------------------------------------------
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type RESET_KCPSM_StateType is (Idle, Check, K_Go1, K_Go2, NW_Check, NW_Go1,
NW_Go2);

signal reset_kcpsm_state : RESET_KCPSM_StateType;
signal nx_reset_kcpsm_state : RESET_KCPSM_StateType;

begin -- behavior

myfifo : fifo_63x36 port map (
din => fifo_din2,
wr_en => wr_en2,
wr_clk => clk,
rd_en => rd_en2,
rd_clk => clk,
ainit => ainit,
dout => fifo_dout2,
full => full,
empty => empty);

myecho : udpecho port map (
CLK => clk,
Reset_l => Reset_l,
D_MOD_IN => D_MOD_IN,
DataEn_MOD_IN => DataEn_MOD_IN,
SOF_MOD_IN => SOF_MOD_IN,
EOF_MOD_IN => EOF_MOD_IN,
SOD_MOD_IN => SOD_MOD_IN,
TCA_MOD_IN => TCA_MOD_IN,
D_OUT_MOD => data_e,
DataEn_OUT_MOD => dataen_e,
SOF_OUT_MOD => sof_e,
EOF_OUT_MOD => eof_e,
SOD_OUT_MOD => sod_e,
TCA_OUT_MOD => tca_e);

-----------------------------------------------------------------------------
-- purpose: copy data on clock edge
-- type : sequential
-- inputs : CLK, Reset_l
-- outputs:
-----------------------------------------------------------------------------
clock_copy: process (CLK, Reset_l)
begin -- process clock_copy
if CLK’event and CLK = ’1’ then -- rising clock edge

-- reset
if Reset_l = ’0’ then

sof_in <= ’0’;
else

sof_in <= sof_e;
end if;

-- input buffer stage
data_in <= data_e;
dataen_in <= dataen_e;
eof_in <= eof_e;
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sod_in <= sod_e;
tca_out <= TCA_OUT_MOD;

-- fifo buffer stage
data_f <= FIFO_DOUT2 (31 downto 0);
dataen_f <= FIFO_DOUT2 (32);
sof_f <= FIFO_DOUT2 (33);
eof_f <= FIFO_DOUT2 (34);
sod_f <= FIFO_DOUT2 (35);

-- kcpsm buffer stage
kcpsm_read_strobe_in <= KCPSM_READ_STROBE;
kcpsm_write_strobe_in <= KCPSM_WRITE_STROBE;
kcpsm_port_id_in <= KCPSM_PORT_ID;
kcpsm_output_in <= KCPSM_OUTPUT;

-- intermediate buffer stage
dataen_int <= dataen_buf;
sof_int <= sof_buf;
eof_int <= eof_buf;
sod_int <= sod_buf;

-- final buffer stage
data_out (31 downto 24) <= DATARAM_DOB (7 downto 0);
data_out (23 downto 16) <= DATARAM_DOB (15 downto 8);
data_out (15 downto 8) <= DATARAM_DOB (23 downto 16);
data_out (7 downto 0) <= DATARAM_DOB (31 downto 24);
dataen_out <= dataen_int;
sof_out <= sof_int;
eof_out <= eof_int;
sod_out <= sod_int;

-- state machines
udp2fifo_state <= nx_udp2fifo_state;
chk_d_i_state <= nx_chk_d_i_state;
fifo2ram_state <= nx_fifo2ram_state;
fifo2udp_state <= nx_fifo2udp_state;
ram2udp_state <= nx_ram2udp_state;
pv_ram2udp_state <= ram2udp_state;
reset_kcpsm_state <= nx_reset_kcpsm_state;

end if;
end process clock_copy;

-----------------------------------------------------------------------------
-- purpose: statemachine to copy incoming data to fifo
-- type : combinational
-- inputs : udp2fifo_state, sof_in, eof_in, Resetl
-- outputs: nx_udp2fifo_state, wr_en2
-----------------------------------------------------------------------------
udp2fifo_state_machine : process (Reset_l, udp2fifo_state, sof_in, eof_in,

dataen_in, data_in)

variable tmp_state : udp2fifo_statetype;
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variable tmp_wr_en2 : std_logic;

begin -- process udp2fifo_state_machine

-- default values
tmp_state := udp2fifo_state;
tmp_wr_en2 := ’0’;

if Reset_l = ’0’ then
tmp_state := Idle;

else
case udp2fifo_state is

when Idle => if sof_in = ’1’ then
tmp_state := udp2fifo;
tmp_wr_en2 := ’1’;

end if;
when udp2fifo => if eof_in = ’1’ then

tmp_state := Done;
end if;
tmp_wr_en2 := ’1’;

when Done => if dataen_in = ’1’ and data_in(15) = ’1’ then
tmp_state := Done2;

end if;
tmp_wr_en2 := ’1’;

when Done2 => if sof_in = ’1’ then
tmp_state := udp2fifo;

end if;
tmp_wr_en2 := ’1’;

end case;
end if;

-- assign signals
nx_udp2fifo_state <= tmp_state;
wr_en2 <= tmp_wr_en2;

end process udp2fifo_state_machine;

-----------------------------------------------------------------------------
-- purpose: statemachine to check if the incoming udp packet is data or inst
-- type : combinational
-- inputs : Reset_l, chk_d_i_state, sof_in, sod_in, data_in, eof_in
-- outputs: nx_chk_d_i_state, is_data, is_program, is_nopaylaod
-----------------------------------------------------------------------------
chk_d_i_state_machine: process (Reset_l, chk_d_i_state, dataen_in,

sof_in, sod_in, data_in, eof_in)

variable tmp_state : CHK_D_I_StateType;
variable tmp_is_start, tmp_is_data, tmp_is_program : std_logic;
variable tmp_is_nopayload : std_logic;

begin -- process chk_d_i_state_machine

-- default values
tmp_state := chk_d_i_state;
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tmp_is_data := is_data;
tmp_is_program := is_program;
tmp_is_nopayload := is_nopayload;
tmp_is_start := ’0’;

if Reset_l = ’0’ then
tmp_state := Idle;

else
case chk_d_i_state is

when Idle => if sof_in = ’1’ then
tmp_state := Req;

end if;
when Req => if eof_in = ’1’ then

tmp_state := NoPayload;
tmp_is_start := ’1’;

elsif sod_in = ’1’ then
tmp_state := Req2;

end if;
when Req2 => if eof_in = ’1’ then

tmp_state := NoPayload;
elsif dataen_in = ’1’ then

tmp_state := CHK_D_I;
end if;
tmp_is_start := ’1’;

when CHK_D_I => if dataen_in = ’1’ and data_in = X"00000000" then
tmp_state := Program;

elsif dataen_in = ’1’ and data_in = X"00000001" then
tmp_state := Data;

end if;
when Program => if eof_in = ’1’ then

tmp_state := Idle;
end if;
tmp_is_program := ’1’;
tmp_is_data := ’0’;
tmp_is_nopayload := ’0’;

when Data => if eof_in = ’1’ then
tmp_state := Idle;

end if;
tmp_is_program := ’0’;
tmp_is_data := ’1’;
tmp_is_nopayload := ’0’;

when NoPayload => tmp_state := Idle;
tmp_is_program := ’0’;
tmp_is_data := ’0’;
tmp_is_nopayload := ’1’;

end case;
end if;

-- assign signals
nx_chk_d_i_state <= tmp_state;
is_start <= tmp_is_start;
is_program <= tmp_is_program;
is_data <= tmp_is_data;
is_nopayload <= tmp_is_nopayload;
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end process chk_d_i_state_machine;

-----------------------------------------------------------------------------
-- purpose: statemachine to copy incoming udp packet into ram
-- type : combinational
-- inputs : Reset_l, fifo2ram_state, is_start, is_program, is_data,
-- dataen_f, sof_f, sod_f, eof_f
-- outputs: nx_fifo2ram_state, rd_en2, enb, web, k_int,
-- enbd, webd, wr_grant
-----------------------------------------------------------------------------
fifo2ram_state_machine: process (Reset_l, fifo2ram_state, is_start,

is_program, is_data, dataen_f,
sof_f, sod_f, eof_f, data_f)

variable tmp_state : FIFO2RAM_StateType;
variable tmp_rd_en2, tmp_wr_grant : std_logic;
variable tmp_enb, tmp_web, tmp_enbd, tmp_webd, tmp_is_loaded : std_logic;

begin -- process fifo2ram_state_machine

-- default values
tmp_state := fifo2ram_state;
tmp_rd_en2 := ’0’;
tmp_enb := ’0’;
tmp_web := ’1’;
tmp_enbd := ’0’;
tmp_webd := ’1’;
tmp_wr_grant := ’0’;
tmp_is_loaded := ’0’;

if Reset_l = ’0’ then
tmp_state := Idle;

else
case fifo2ram_state is

when Idle => if is_start = ’1’ then
tmp_state := Start;
tmp_rd_en2 := ’1’;

end if;
when Start => if is_program = ’1’ and sof_f = ’1’ then

tmp_state := fifo2program_req;
elsif is_data = ’1’ and sof_f = ’1’ then

tmp_state := fifo2dataram_copy;
tmp_enbd := ’1’;
tmp_webd := ’0’;

elsif is_nopayload = ’1’ and sof_f = ’1’ then
tmp_state := fifopassthru;

else
tmp_wr_grant := ’1’;

end if;
tmp_rd_en2 := ’1’;

when fifo2program_req => if sod_f = ’1’ then
tmp_state := fifo2program_udp;

end if;
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tmp_rd_en2 := ’1’;
when fifo2program_udp => if dataen_f = ’1’ then

tmp_state := fifo2program_chk;
end if;
tmp_rd_en2 := ’1’;

when fifo2program_chk => if dataen_f = ’1’ then
tmp_state := fifo2program_copy;

end if;
tmp_rd_en2 := ’1’;

when fifo2program_copy => if eof_f = ’1’ then
tmp_state := fifo2program_go;

end if;
if dataen_f = ’1’ then

tmp_enb := ’1’;
tmp_web := ’0’;

end if;
tmp_rd_en2 := ’1’;

when fifo2program_go => if dataen_f = ’1’ and data_f(15) = ’1’ then
tmp_state := fifo2program_go2;

end if;
tmp_rd_en2 := ’1’;

when fifo2program_go2 => if dataen_f = ’1’ then
tmp_state := Start;
tmp_is_loaded := ’1’;

end if;
tmp_rd_en2 := ’1’;

when fifo2dataram_copy => if eof_f = ’1’ then
tmp_state := fifo2dataram_go;

end if;
if dataen_f = ’1’ then

tmp_enbd := ’1’;
tmp_webd := ’0’;

end if;
tmp_rd_en2 := ’1’;

when fifo2dataram_go => if dataen_f = ’1’ and data_f(15) = ’1’ then
tmp_state := fifo2dataram_go2;

end if;
if dataen_f = ’1’ then

tmp_enbd := ’1’;
tmp_webd := ’0’;

end if;
tmp_rd_en2 := ’1’;

when fifo2dataram_go2 => if dataen_f = ’1’ then
tmp_state := Start;
tmp_enbd := ’1’;
tmp_webd := ’0’;

end if;
tmp_rd_en2 := ’1’;

when fifopassthru => if eof_f = ’1’ then
tmp_state := fifopassthru_go;

end if;
tmp_rd_en2 := ’1’;

when fifopassthru_go => if dataen_f = ’1’ and data_f(15) = ’1’ then
tmp_state := fifopassthru_go2;
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end if;
tmp_rd_en2 := ’1’;

when fifopassthru_go2 => if dataen_f = ’1’ then
tmp_state := Start;

end if;
tmp_rd_en2 := ’1’;

end case;
end if;

-- assign signals
nx_fifo2ram_state <= tmp_state;
rd_en2 <= tmp_rd_en2;
enb <= tmp_enb;
web <= tmp_web;
enbd <= tmp_enbd;
webd <= tmp_webd;
wr_grant <= tmp_wr_grant;
is_loaded <= tmp_is_loaded;

end process fifo2ram_state_machine;

-----------------------------------------------------------------------------
-- purpose: control address counter
-- type : sequential
-- inputs : Clk, Reset_l
-- outputs: addr_count, bank_count, addrd_count, bankd_count,
-----------------------------------------------------------------------------
addr_count_control : process (Clk, Reset_l)

begin -- process addr_count_control

if CLK’event and CLK = ’1’ then
if Reset_l = ’0’ then

bank_count <= "1"; -- don’t overwrite program initial content
bankd_count <= "00"; -- don’t overwrite data initial content
addr_count <= "0000000";
addrd_count <= "000000";

else
case fifo2ram_state is
when Start => if is_data = ’1’ and sof_f = ’1’ then

addrd_count <= addrd_count + 1;
end if;

when fifo2program_copy=> if dataen_f = ’1’ then
addr_count <= addr_count + 1;

end if;
when fifo2dataram_copy=> if dataen_f = ’1’ then

addrd_count <= addrd_count + 1;
end if;

when fifo2program_go2 => addr_count <= "0000000";
bank_count <= bank_count + 1;

when fifo2dataram_go => addrd_count <= addrd_count + 1;
when fifo2dataram_go2 => addrd_count <= "000000";

bankd_count <= bankd_count + 1;
when others => null;
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end case;
end if;

end if;

end process addr_count_control;

-----------------------------------------------------------------------------
-- purpose: statemachine to reset KCPSM after a data write
-- type : combinational
-- inputs : Reset_l, reset_kcpsm_state, kcpsm_write_strobe_in,
-- kcpsm_write_strobe_in, bankd_count, data_bank,
-- program_queue_count
-- outputs: nx_reset_kcpsm_state, k_int2, data_bank
-----------------------------------------------------------------------------
reset_kcpsm_state_machine: process (Reset_l, reset_kcpsm_state, bankd_count,

kcpsm_write_strobe_in, kcpsm_port_id_in,
kcpsm_output_in,
data_bank, program_queue_count)

variable tmp_state : RESET_KCPSM_StateType;
variable tmp_k_int2, tmp_is_reload : std_logic;

begin -- process reset_kcpsm_state_machine

-- default values
tmp_state := reset_kcpsm_state;
tmp_k_int2 := ’0’;
tmp_is_reload := ’0’;

if Reset_l = ’0’ then
tmp_state := Idle;

else
case reset_kcpsm_state is

when Idle => if kcpsm_write_strobe_in = ’1’ and
kcpsm_port_id_in = "11111111" then
if kcpsm_output_in = "11111111" then

tmp_state := Check;
elsif kcpsm_output_in = "00000000" then

tmp_state := NW_Check;
end if;

end if;
when Check => if data_bank + 1 /= bankd_count then

tmp_state := K_Go1;
end if;

when NW_Check => if data_bank /= bankd_count then
tmp_state := NW_Go1;

end if;
when K_Go1 => tmp_state := K_Go2;

tmp_k_int2 := ’1’;
tmp_is_reload := ’1’;

when K_Go2 => tmp_state := Idle;
tmp_k_int2 := ’1’;

when NW_Go1 => tmp_state := NW_Go2;
tmp_k_int2 := ’1’;
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tmp_is_reload := ’1’;
when NW_Go2 => tmp_state := Idle;

tmp_k_int2 := ’1’;
end case;

end if;

-- assign signals
nx_reset_kcpsm_state <= tmp_state;
k_int2 <= tmp_k_int2;
is_reload <= tmp_is_reload;

end process reset_kcpsm_state_machine;

-----------------------------------------------------------------------------
-- purpose: logic to update the KCPSM pram dram address bank counter
-- type : combinational
-- inputs : Reset_l, Clk
-- outputs: data_bank
-----------------------------------------------------------------------------
kcpsm_addr_count_control: process (Clk, Reset_l)

begin -- process write_queue_count_control

if CLK’event and CLK = ’1’ then
if Reset_l = ’0’ then

prog_bank <= "0";
data_bank <= "00";

else
case reset_kcpsm_state is
when K_Go1 => data_bank <= data_bank + 1;

prog_bank <= prog_bank + program_queue_count;
when NW_Go1 => prog_bank <= prog_bank + program_queue_count;
when others => null;

end case;
end if;

end if;
end process kcpsm_addr_count_control;

-----------------------------------------------------------------------------
-- purpose: logic to update the program queue count
-- type : combinational
-- inputs : Reset_l, Clk
-- outputs: program_queue_count
-----------------------------------------------------------------------------
program_queue_count_control: process (Clk, Reset_l)

begin -- process program_queue_count_control

if CLK’event and CLK = ’1’ then
if Reset_l = ’0’ then

program_queue_count <= "0";
elsif is_loaded = ’1’ then

program_queue_count <= program_queue_count + 1;
elsif is_reload = ’1’ then
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program_queue_count <= "0";
end if;

end if;
end process program_queue_count_control;

-----------------------------------------------------------------------------
-- purpose: logic to update the write queue count
-- type : combinational
-- inputs : Reset_l, Clk
-- outputs: write_queue_count
-----------------------------------------------------------------------------
write_queue_count_control: process (Clk, Reset_l)

begin -- process write_queue_count_control

if CLK’event and CLK = ’1’ then
if Reset_l = ’0’ then

write_queue_count <= "00";
elsif kcpsm_write_strobe_in = ’1’ and kcpsm_port_id_in = "11111111" then

if kcpsm_output_in = "11111111" then
write_queue_count <= write_queue_count + 1;

end if;
elsif wr_done = ’1’ then

write_queue_count <= write_queue_count - 1;
end if;

end if;
end process write_queue_count_control;

-----------------------------------------------------------------------------
-- purpose: statemachine to copy data from fifo to udp packet
-- type : combinational
-- inputs : Reset_l, fifo2udp_state, is_start, is_program, sof_f, eof_f
-- outputs: nx_fifo2udp_state
-----------------------------------------------------------------------------
fifo2udp_state_machine: process (Reset_l, fifo2udp_state, is_start,

is_program, sof_f, eof_f, dataen_f, data_f)

variable tmp_state : FIFO2UDP_StateType;
variable tmp_fifo2udp : std_logic;

begin -- process fifo2udp_state_machine

-- default values
tmp_state := fifo2udp_state;
tmp_fifo2udp := ’0’;

if Reset_l = ’0’ then
tmp_state := Idle;

else
case fifo2udp_state is

when Idle => if is_start = ’1’ then
tmp_state := Start;

end if;
when Start => if is_program = ’1’ and sof_f = ’1’ then
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tmp_state := fifo2udp_copy;
tmp_fifo2udp := ’1’;

elsif is_nopayload = ’1’ and sof_f = ’1’ then
tmp_state := fifo2udp_copy;
tmp_fifo2udp := ’1’;

end if;
when fifo2udp_copy => if eof_f = ’1’ then

tmp_state := fifo2udp_go;
end if;
tmp_fifo2udp := ’1’;

when fifo2udp_go => if dataen_f = ’1’ and data_f(15) = ’1’ then
tmp_state := fifo2udp_go2;

end if;
tmp_fifo2udp := ’1’;

when fifo2udp_go2 => tmp_state := Start;
tmp_fifo2udp := ’1’;

end case;
end if;

-- assign signals
nx_fifo2udp_state <= tmp_state;
fifo2udp <= tmp_fifo2udp;

end process fifo2udp_state_machine;

-----------------------------------------------------------------------------
-- purpose: statemachine to copy data from ram to udp packet
-- type : combinational
-- inputs : Reset_l, ram2udp_state, is_start, KCPSM_WRITE_STROBE,
-- KCPSM_PORT_ID, wr_grant, payload_count, data_out
-- outputs: nx_ram2udp_state, ram2udp
-----------------------------------------------------------------------------
ram2udp_state_machine: process (Reset_l, ram2udp_state, pv_ram2udp_state,

write_queue_count,
wr_grant, payload_count, data_out)

variable tmp_state : RAM2UDP_StateType;
variable tmp_ram2udp, tmp_wr_done, tmp_enbd : std_logic;
variable tmp_dataen_buf, tmp_sof_buf, tmp_eof_buf, tmp_sod_buf : std_logic;

begin -- process ram2udp_state_machine

-- default values
tmp_state := ram2udp_state;
tmp_ram2udp := ’0’;
tmp_wr_done := ’0’;
tmp_enbd := ’0’;
tmp_dataen_buf := ’0’;
tmp_sof_buf := ’0’;
tmp_eof_buf := ’0’;
tmp_sod_buf := ’0’;

if Reset_l = ’0’ then
tmp_state := Idle;
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elsif wr_grant = ’1’then
case ram2udp_state is

when Idle => if std_logic_vector(write_queue_count) /=
"00" then

tmp_state := ram2udp_sof;
end if;

when ram2udp_sof => tmp_state := ram2udp_ip_header;
tmp_enbd := ’1’;
tmp_sof_buf := ’1’;
tmp_ram2udp := ’1’;

when ram2udp_ip_header => tmp_state := ram2udp_ip_header2;
tmp_enbd := ’1’;
tmp_dataen_buf := ’1’;
tmp_ram2udp := ’1’;

when ram2udp_ip_header2 => tmp_state := ram2udp_ip_header3;
tmp_enbd := ’1’;
tmp_dataen_buf := ’1’;
tmp_ram2udp := ’1’;

when ram2udp_ip_header3 => tmp_state := ram2udp_ip_header4;
tmp_enbd := ’1’;
tmp_dataen_buf := ’1’;
tmp_ram2udp := ’1’;

when ram2udp_ip_header4 => tmp_state := ram2udp_ip_header5;
tmp_enbd := ’1’;
tmp_dataen_buf := ’1’;
tmp_ram2udp := ’1’;

when ram2udp_ip_header5 => tmp_state := ram2udp_udp_header;
tmp_enbd := ’1’;
tmp_dataen_buf := ’1’;
tmp_ram2udp := ’1’;

when ram2udp_udp_header => tmp_state := ram2udp_copy;
tmp_enbd := ’1’;
tmp_dataen_buf := ’1’;
tmp_sod_buf := ’1’;
tmp_ram2udp := ’1’;

when ram2udp_copy => tmp_state := ram2udp_copy2;
tmp_enbd := ’1’;
tmp_ram2udp := ’1’;

when ram2udp_copy2 => if pv_ram2udp_state = ram2udp_copy then
tmp_state := ram2udp_udp_header2;

else
tmp_state := ram2udp_copy;

end if;
tmp_enbd := ’1’;
tmp_ram2udp := ’1’;

when ram2udp_udp_header2=> if pv_ram2udp_state = ram2udp_copy2 then
-- data line mapping
-- check if packets is only 8 bytes long
if data_out (31 downto 16) = X"0008" then

tmp_state := ram2udp_trail_copy;
else

tmp_state := ram2udp_payload;
end if;
tmp_dataen_buf := ’1’;
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else
tmp_state := ram2udp_copy;

end if;
tmp_enbd := ’1’;
tmp_ram2udp := ’1’;

when ram2udp_payload => if std_logic_vector (payload_count) =
"000011" then

tmp_state := ram2udp_trail_copy;
tmp_eof_buf := ’1’;

end if;
tmp_enbd := ’1’;
tmp_dataen_buf := ’1’;
tmp_ram2udp := ’1’;

when ram2udp_trail_copy => tmp_state := ram2udp_trail_copy2;
tmp_enbd := ’1’;
tmp_ram2udp := ’1’;

when ram2udp_trail_copy2=> if pv_ram2udp_state = ram2udp_trail_copy then
tmp_state := ram2udp_trailer;

else
tmp_state := ram2udp_trail_copy;

end if;
tmp_enbd := ’1’;
tmp_ram2udp := ’1’;

when ram2udp_trailer => if pv_ram2udp_state=ram2udp_trail_copy2 then
if data_out (15) = ’1’ then

tmp_state := ram2udp_trailer2;
else

tmp_state := ram2udp_trail_copy;
end if;
tmp_dataen_buf := ’1’;

else
tmp_state := ram2udp_trail_copy;

end if;
tmp_enbd := ’1’;
tmp_ram2udp := ’1’;

when ram2udp_trailer2 => tmp_state := ram2udp_done;
tmp_enbd := ’1’;
tmp_dataen_buf := ’1’;
tmp_ram2udp := ’1’;

when ram2udp_done => tmp_state := Idle;
tmp_wr_done := ’1’;

end case;
end if;

-- assign signals
nx_ram2udp_state <= tmp_state;
ram2udp <= tmp_ram2udp;
wr_done <= tmp_wr_done;
enbd2 <= tmp_enbd;
dataen_buf <= tmp_dataen_buf;
sof_buf <= tmp_sof_buf;
eof_buf <= tmp_eof_buf;
sod_buf <= tmp_sod_buf;
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end process ram2udp_state_machine;

-----------------------------------------------------------------------------
-- purpose: control write output address counter
-- type : sequential
-- inputs : Clk, Reset_l
-- outputs: addrd2_count, bankd2_count,
-----------------------------------------------------------------------------
addr2_count_control : process (Clk, Reset_l)

begin -- process addr2_count_control

if CLK’event and CLK = ’1’ then
if Reset_l = ’0’ then

bankd2_count <= "00";
addrd2_count <= "000000";

elsif wr_grant = ’1’ then
case ram2udp_state is
when ram2udp_sof => addrd2_count <= addrd2_count + 1;
when ram2udp_ip_header => addrd2_count <= addrd2_count + 1;
when ram2udp_ip_header2 => addrd2_count <= addrd2_count + 1;
when ram2udp_ip_header3 => addrd2_count <= addrd2_count + 1;
when ram2udp_ip_header4 => addrd2_count <= addrd2_count + 1;
when ram2udp_ip_header5 => addrd2_count <= addrd2_count + 1;
when ram2udp_udp_header => addrd2_count <= addrd2_count + 1;
when ram2udp_udp_header2 => if pv_ram2udp_state = ram2udp_copy2 then

addrd2_count <= addrd2_count + 1;
payload_count <=
unsigned (data_out (23 downto 18));

end if;
when ram2udp_payload => addrd2_count <= addrd2_count + 1;

payload_count <= payload_count - 1;
when ram2udp_trailer => addrd2_count <= addrd2_count + 1;
when ram2udp_trailer2 => addrd2_count <= addrd2_count + 1;
when ram2udp_done => addrd2_count <= "000000";

bankd2_count <= bankd2_count + 1;
when others => null;

end case;
end if;

end if;
end process addr2_count_control;

-----------------------------------------------------------------------------
-- set address line
-----------------------------------------------------------------------------
PROGRAM_ADDRB (6 downto 0) <= std_logic_vector (addr_count);
PROGRAM_ADDRB (7 downto 7) <= std_logic_vector (bank_count);
DATARAM_ADDRB (5 downto 0) <= std_logic_vector (addrd_count)

when ram2udp = ’0’ else
std_logic_vector (addrd2_count);

DATARAM_ADDRB (7 downto 6) <= std_logic_vector (bankd_count)
when ram2udp = ’0’ else
std_logic_vector (bankd2_count);

KCPSM_PROG_BANK <= std_logic (prog_bank(0));
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KCPSM_DATA_BANK <= std_logic_vector (data_bank);

-----------------------------------------------------------------------------
-- set data line
-----------------------------------------------------------------------------
FIFO_DIN2 (31 downto 0) <= data_in;
FIFO_DIN2 (32) <= dataen_in;
FIFO_DIN2 (33) <= sof_in;
FIFO_DIN2 (34) <= eof_in;
FIFO_DIN2 (35) <= sod_in;
PROGRAM_DIB <= data_f;
DATARAM_DIB (31 downto 24) <= data_f (7 downto 0);
DATARAM_DIB (23 downto 16) <= data_f (15 downto 8);
DATARAM_DIB (15 downto 8) <= data_f (23 downto 16);
DATARAM_DIB (7 downto 0) <= data_f (31 downto 24);

-----------------------------------------------------------------------------
-- set dpram control signal
-----------------------------------------------------------------------------
PROGRAM_ENB <= enb;
PROGRAM_WEB <= web;
DATARAM_ENB <= enbd when ram2udp = ’0’ else enbd2;
DATARAM_WEB <= webd;

KCPSM_INTERRUPT <= k_int2;

-----------------------------------------------------------------------------
-- wire output
-----------------------------------------------------------------------------
D_OUT_MOD <= data_f when fifo2udp = ’1’ else data_out;
DataEn_OUT_MOD <= dataen_f when fifo2udp = ’1’ else dataen_out;
SOF_OUT_MOD <= sof_f when fifo2udp = ’1’ else sof_out;
EOF_OUT_MOD <= eof_f when fifo2udp = ’1’ else eof_out;
SOD_OUT_MOD <= sod_f when fifo2udp = ’1’ else sod_out;

tca_e <= tca_out;
ainit <= not(reset_l);

end behavior;

TheVHDL sourcecodeof theUDPEchomoduleis shown below.

-- $Id: udpecho.vhd,v 1.4 2001/08/07 21:45:14 hwf1 Exp $
--
-- KCPSM Interface
-- This interface parses a UDP datagram. If it is a KCPSM instruction code,
-- stores it into the dual port program ram. If it is a KCPSM data, stores
-- it into the dual port data ram. After KCPSM has processed the datagram,
-- it echoes back it out.
--
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-- Author: Henry Fu
-- (c) 2001 Washington University, Applied Research Lab
--
-- this module changes src/dest ip-address and port of a UDP datagram
--

library IEEE;
use IEEE.std_logic_1164.all;

entity UDPEcho is

port (
CLK : in std_logic; -- clock
Reset_l : in std_logic; -- synchronous reset, active low
D_MOD_IN : in std_logic_vector (31 downto 0); -- cell data
DataEn_MOD_IN : in std_logic; -- data enable
SOF_MOD_IN : in std_logic; -- start of frame
EOF_MOD_IN : in std_logic; -- end of frame
SOD_MOD_IN : in std_logic; -- start of datagram
TCA_MOD_IN : out std_logic; -- congestion control
D_OUT_MOD : out std_logic_vector (31 downto 0); -- cell data
DataEn_OUT_MOD : out std_logic; -- data enable
SOF_OUT_MOD : out std_logic; -- start of frame
EOF_OUT_MOD : out std_logic; -- end of frame
SOD_OUT_MOD : out std_logic; -- start of datagram
TCA_OUT_MOD : in std_logic); -- congestion control

end UDPEcho;

architecture behavior of UDPEcho is

-----------------------------------------------------------------------------
-- input signals
-----------------------------------------------------------------------------
signal data_in : std_logic_vector (31 downto 0); -- cell data
signal dataen_in : std_logic; -- data enable
signal sof_in : std_logic; -- start of frame
signal eof_in : std_logic; -- end of frame
signal sod_in : std_logic; -- start of datagram

-----------------------------------------------------------------------------
-- previous data_in buffer
-----------------------------------------------------------------------------
signal data_pv : std_logic_vector (31 downto 0); -- cell data
signal dataen_pv : std_logic; -- data enable
signal sof_pv : std_logic; -- start of frame
signal eof_pv : std_logic; -- end of frame
signal sod_pv : std_logic; -- start of datagram

-----------------------------------------------------------------------------
-- next data_in buffer
-----------------------------------------------------------------------------
signal data_nx : std_logic_vector (31 downto 0); -- cell data
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signal dataen_nx : std_logic; -- data enable
signal sof_nx : std_logic; -- start of frame
signal eof_nx : std_logic; -- end of frame
signal sod_nx : std_logic; -- start of datagram

-----------------------------------------------------------------------------
-- output signals
-----------------------------------------------------------------------------
signal data_out : std_logic_vector (31 downto 0); -- cell data
signal dataen_out : std_logic; -- data enable
signal sof_out : std_logic; -- start of frame
signal eof_out : std_logic; -- end of frame
signal sod_out : std_logic; -- start of datagram

-----------------------------------------------------------------------------
-- state machine
-----------------------------------------------------------------------------
type StateType is (Idle, IPHdr1, IPHdr2, IPHdr3, SrcIPAddr, DestIPAddr,

UDPPort); -- states
signal state, nx_state : StateType; -- current and new state

begin -- behavior

-----------------------------------------------------------------------------
-- purpose: copy signals on clock edge
-- type : sequential
-- inputs : CLK, Res,
-- outputs:
-----------------------------------------------------------------------------
clock_copy: process (CLK)
begin -- process clock_copy

if CLK’event and CLK = ’1’ then -- rising clock edge

-- previous buffer
data_pv <= D_MOD_IN;
dataen_pv <= DataEn_MOD_IN;
sof_pv <= SOF_MOD_IN;
eof_pv <= EOF_MOD_IN;
sod_pv <= SOD_MOD_IN;

-- input buffer
data_in <= data_pv;
dataen_in <= dataen_pv;
sof_in <= sof_pv;
eof_in <= eof_pv;
sod_in <= sod_pv;

-- next buffer
data_nx <= data_in;
dataen_nx <= dataen_in;
sof_nx <= sof_in;
eof_nx <= eof_in;
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sod_nx <= sod_in;

-- statemachine
state <= nx_state;

end if;

end process clock_copy;

-----------------------------------------------------------------------------
-- purpose: state machine
-- type : combinational
-- inputs : Reset_l, state, sof_in
-- outputs: nx_state
-----------------------------------------------------------------------------
state_machine: process (Reset_l, state, sof_in, dataen_in,

eof_in, sod_in, data_in)
variable tmp_state : StateType; -- new state
variable tmp_data : std_logic_vector (31 downto 0);

begin -- process state_machine

-- default value
tmp_state := state;
tmp_data := data_in;

if Reset_l = ’0’ then
tmp_state := Idle;

else
case state is

when Idle => if sof_in = ’1’ then
tmp_state := IPHdr1;

end if;
when IPHdr1 => tmp_state := IPHdr2;
when IPHdr2 => tmp_state := IPHdr3;
when IPHdr3 => tmp_state := SrcIPAddr;
when SrcIPAddr => tmp_state := DestIPAddr;

tmp_data := data_pv;
when DestIPAddr => tmp_state := UDPPort;

tmp_data := data_nx;
when UDPPort => if sod_in = ’1’ then

tmp_data (31 downto 16) := data_in (15 downto 0);
tmp_data (15 downto 0) := data_in (31 downto 16);

end if;
tmp_state := Idle;

end case;
end if;

-- set state
nx_state <= tmp_state;
data_out <= tmp_data;
dataen_out <= dataen_in;
sof_out <= sof_in;
eof_out <= eof_in;
sod_out <= sod_in;
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end process state_machine;

-----------------------------------------------------------------------------
-- wire output
-----------------------------------------------------------------------------
D_OUT_MOD <= data_out;
DataEn_OUT_MOD <= dataen_out;
SOF_OUT_MOD <= sof_out;
EOF_OUT_MOD <= eof_out;
SOD_OUT_MOD <= sod_out;
TCA_MOD_IN <= TCA_OUT_MOD;

end behavior;

TheVHDL sourcecodeof theFPXKCPSMmoduleis shown below.

-- $Id: module.vhd,v 1.5 2001/08/14 04:29:16 hwf1 Exp $
--
-- KCPSM Interface
-- This interface parses a UDP datagram. If it is a KCPSM instruction code,
-- stores it into the dual port program ram. If it is a KCPSM data, stores
-- it into the dual port data ram. After KCPSM has processed the datagram,
-- it echoes back it out.
--
-- Author: Henry Fu
-- (c) 2001 Washington University, Applied Research Lab
--
-- this file packages all necessary entities into an FPX module
--

library IEEE;
use IEEE.std_logic_1164.all;
library FPXLIB;
use FPXLIB.UDPProcessor.all;

ENTITY InterfaceModule IS
PORT (
-- Clock & Reset
clk : in STD_LOGIC; -- 100MHz global clock
reset_l : in STD_LOGIC; -- Synchronous reset, asserted-low

-- Enable & Ready
-- Handshake for module reconfiguration.
enable_l : in STD_LOGIC; -- Asserted low
ready_l : out STD_LOGIC; -- Asserted low

-- Cell Input Interface
soc_mod_in : in STD_LOGIC; -- Start of cell
d_mod_in : in STD_LOGIC_VECTOR(31 downto 0); -- 32-bit data
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tca_mod_in : out STD_LOGIC; -- Transmit cell available

-- Cell Output Interface
soc_out_mod : out STD_LOGIC; -- Start of cell
d_out_mod : out STD_LOGIC_VECTOR(31 downto 0); -- 32-bit data
tca_out_mod : in STD_LOGIC;

-- Test Data Output
test_data : out STD_LOGIC_VECTOR(31 downto 0));

end InterfaceModule;

architecture struc of InterfaceModule is

component udpwrapper
port (

CLK : in std_logic; -- clock
Reset_l : in std_logic; -- reset
Enable_l : in std_logic; -- enable
Ready_l : out std_logic; -- ready
SOC_MOD_IN : in std_logic; -- start of cell
D_MOD_IN : in std_logic_vector (31 downto 0); -- data
TCA_MOD_IN : out std_logic; -- transmit cell available
D_OUT_APPL : out std_logic_vector (31 downto 0); -- data to appl
DataEn_OUT_APPL : out std_logic; -- data enable
SOF_OUT_APPL : out std_logic; -- start of frame
EOF_OUT_APPL : out std_logic; -- end of frame
SOD_OUT_APPL : out std_logic; -- start of datagram
TCA_OUT_APPL : in std_logic; -- congestion control
D_APPL_IN : in std_logic_vector (31 downto 0); -- data from appl
DataEn_APPL_IN : in std_logic; -- data enable
SOF_APPL_IN : in std_logic; -- start of frame
EOF_APPL_IN : in std_logic; -- end of frame
SOD_APPL_IN : in std_logic; -- start of datagram
TCA_APPL_IN : out std_logic; -- congestion control
SOC_OUT_MOD : out std_logic; -- start of cell
D_OUT_MOD : out std_logic_vector (31 downto 0); -- data
TCA_OUT_MOD : in std_logic); -- transmit cell available

end component;

-----------------------------------------------------------------------------
-- Interface
-----------------------------------------------------------------------------
component Interface
port (

CLK : in std_logic; -- clock
Reset_l : in std_logic; -- reset

D_MOD_IN : in std_logic_vector (31 downto 0); -- data
DataEn_MOD_IN : in std_logic; -- data enable
SOF_MOD_IN : in std_logic; -- start of frame
EOF_MOD_IN : in std_logic; -- end of frame
SOD_MOD_IN : in std_logic; -- start of datagram
TCA_MOD_IN : out std_logic; -- congestion control
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D_OUT_MOD : out std_logic_vector (31 downto 0); -- data
DataEn_OUT_MOD : out std_logic; -- data enable
SOF_OUT_MOD : out std_logic; -- start of frame
EOF_OUT_MOD : out std_logic; -- end of frame
SOD_OUT_MOD : out std_logic; -- start of datagram
TCA_OUT_MOD : in std_logic; -- congestion control

KCPSM_INTERRUPT: out std_logic; -- KCPSM Interrupt
KCPSM_READ_STROBE : in std_logic; -- KCPSM read strobe
KCPSM_WRITE_STROBE : in std_logic;
KCPSM_PROG_BANK: out std_logic; -- KCPSM prog bank
KCPSM_DATA_BANK: out std_logic_vector (1 downto 0); -- KCPSM data bank
KCPSM_PORT_ID : in std_logic_vector (7 downto 0); -- KCPSM port id
KCPSM_OUTPUT : in std_logic_vector (7 downto 0);

PROGRAM_ADDRB : out std_logic_vector (7 downto 0); -- dpram address line
PROGRAM_DIB : out std_logic_vector (31 downto 0); -- dpram data in line
PROGRAM_WEB : out std_logic; -- dpram write enable
PROGRAM_ENB : out std_logic; -- dpram chip enable
PROGRAM_DOB : in std_logic_vector (31 downto 0); -- dpram dataout line

DATARAM_ADDRB : out std_logic_vector (7 downto 0);
DATARAM_DIB : out std_logic_vector (31 downto 0);
DATARAM_WEB : out std_logic;
DATARAM_ENB : out std_logic;
DATARAM_DOB : in std_logic_vector (31 downto 0));

end component;

-----------------------------------------------------------------------------
-- KCPSM
-----------------------------------------------------------------------------
component kcpsm port

(ADDR : out std_logic_vector(7 downto 0);
I : in std_logic_vector(15 downto 0);
INPUT : in std_logic_vector(7 downto 0);
OUTPUT : out std_logic_vector(7 downto 0);
PORT_ID : out std_logic_vector(7 downto 0);
READ_STROBE : out std_logic;
WRITE_STROBE : out std_logic;
INTERRUPT : in std_logic;
CLK : in std_logic);

end component;

-----------------------------------------------------------------------------
-- DPRAM
-----------------------------------------------------------------------------
component program
port (

addra: IN std_logic_VECTOR(8 downto 0);
clka: IN std_logic;
addrb: IN std_logic_VECTOR(7 downto 0);
clkb: IN std_logic;
dia: IN std_logic_VECTOR(15 downto 0);
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wea: IN std_logic;
dib: IN std_logic_VECTOR(31 downto 0);
web: IN std_logic;
ena: IN std_logic;
enb: IN std_logic;
rsta: IN std_logic;
rstb: IN std_logic;
doa: OUT std_logic_VECTOR(15 downto 0);
dob: OUT std_logic_VECTOR(31 downto 0));

end component;

-----------------------------------------------------------------------------
-- DATARAM
-----------------------------------------------------------------------------
component dataram
port (

addra: IN std_logic_VECTOR(9 downto 0);
clka: IN std_logic;
addrb: IN std_logic_VECTOR(7 downto 0);
clkb: IN std_logic;
dia: IN std_logic_VECTOR(7 downto 0);
wea: IN std_logic;
dib: IN std_logic_VECTOR(31 downto 0);
web: IN std_logic;
ena: IN std_logic;
enb: IN std_logic;
rsta: IN std_logic;
rstb: IN std_logic;
doa: OUT std_logic_VECTOR(7 downto 0);
dob: OUT std_logic_VECTOR(31 downto 0));

end component;

-----------------------------------------------------------------------------
-- signals kcpsm - dpram
-----------------------------------------------------------------------------
signal addra : std_logic_vector (8 downto 0);
signal clka : std_logic;
signal dia : std_logic_vector (15 downto 0);
signal wea : std_logic;
signal ena : std_logic;
signal rsta : std_logic;
signal doa : std_logic_vector (15 downto 0);

-----------------------------------------------------------------------------
-- signals interface - dpram
-----------------------------------------------------------------------------
signal addrb : std_logic_vector (7 downto 0);
signal clkb : std_logic;
signal dib : std_logic_vector (31 downto 0);
signal web : std_logic;
signal enb : std_logic;
signal rstb : std_logic;
signal dob : std_logic_vector (31 downto 0);
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-----------------------------------------------------------------------------
-- signals kcpsm - dataram
-----------------------------------------------------------------------------
signal addrad : std_logic_vector (9 downto 0);
signal clkad : std_logic;
signal diad : std_logic_vector (7 downto 0);
signal wead : std_logic;
signal enad : std_logic;
signal rstad : std_logic;
signal doad : std_logic_vector (7 downto 0);

-----------------------------------------------------------------------------
-- signals interface - dataram
-----------------------------------------------------------------------------
signal addrbd : std_logic_vector (7 downto 0);
signal clkbd : std_logic;
signal dibd : std_logic_vector (31 downto 0);
signal webd : std_logic;
signal enbd : std_logic;
signal rstbd : std_logic;
signal dobd : std_logic_vector (31 downto 0);

signal interrupt : std_logic;
signal read_strobe : std_logic;
signal nwead : std_logic;

-----------------------------------------------------------------------------
-- signals udpproc - udpecho
-----------------------------------------------------------------------------
signal data_u2h : std_logic_vector (31 downto 0); -- data
signal dataen_u2h : std_logic; -- data enable
signal sof_u2h : std_logic; -- start of frame
signal eof_u2h : std_logic; -- end of frame
signal sod_u2h : std_logic; -- start of payload
signal tca_u2h : std_logic; -- congestion control

-----------------------------------------------------------------------------
-- signals hellobob - udpproc
-----------------------------------------------------------------------------
signal data_h2u : std_logic_vector (31 downto 0); -- data
signal dataen_h2u : std_logic; -- data enable
signal sof_h2u : std_logic; -- start of frame
signal eof_h2u : std_logic; -- end of frame
signal sod_h2u : std_logic; -- start of payload
signal tca_h2u : std_logic; -- congestion control

begin -- struc

-----------------------------------------------------------------------------
-- UDPWrapper
-----------------------------------------------------------------------------
upw : UDPWrapper port map (
CLK => CLK,
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Reset_l => reset_l,
Enable_l => enable_l,
Ready_l => ready_l,
SOC_MOD_IN => SOC_MOD_IN,
D_MOD_IN => D_MOD_IN,
TCA_MOD_IN => TCA_MOD_IN,
SOC_OUT_MOD => SOC_OUT_MOD,
D_OUT_MOD => D_OUT_MOD, -- open
TCA_OUT_MOD => TCA_OUT_MOD,
D_OUT_APPL => data_u2h,
DataEn_OUT_APPL => dataen_u2h,
SOF_OUT_APPL => sof_u2h,
EOF_OUT_APPL => eof_u2h,
SOD_OUT_APPL => sod_u2h,
TCA_OUT_APPL => tca_u2h,
D_APPL_IN => data_h2u,
DataEn_APPL_IN => dataen_h2u,
SOF_APPL_IN => sof_h2u,
EOF_APPL_IN => eof_h2u,
SOD_APPL_IN => sod_h2u,
TCA_APPL_IN => tca_h2u);

-----------------------------------------------------------------------------
-- Interface
-----------------------------------------------------------------------------
inter : Interface port map (
CLK => CLK,
Reset_l => reset_l,
D_MOD_IN => data_u2h,
DataEn_MOD_IN => dataen_u2h,
SOF_MOD_IN => sof_u2h,
EOF_MOD_IN => eof_u2h,
SOD_MOD_IN => sod_u2h,
TCA_MOD_IN => tca_u2h,
D_OUT_MOD => data_h2u,
DataEn_OUT_MOD => dataen_h2u,
SOF_OUT_MOD => sof_h2u,
EOF_OUT_MOD => eof_h2u,
SOD_OUT_MOD => sod_h2u,
TCA_OUT_MOD => tca_h2u,
KCPSM_INTERRUPT=> interrupt,
KCPSM_READ_STROBE => read_strobe,
KCPSM_WRITE_STROBE => nwead,
KCPSM_PROG_BANK=> addra(8),
KCPSM_DATA_BANK=> addrad(9 downto 8),
KCPSM_PORT_ID => addrad(7 downto 0),
KCPSM_OUTPUT => diad,
PROGRAM_ADDRB => addrb,
PROGRAM_DIB => dib,
PROGRAM_WEB => web,
PROGRAM_ENB => enb,
PROGRAM_DOB => dob,
DATARAM_ADDRB => addrbd,
DATARAM_DIB => dibd,
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DATARAM_WEB => webd,
DATARAM_ENB => enbd,
DATARAM_DOB => dobd);

-----------------------------------------------------------------------------
-- DPRAM
-----------------------------------------------------------------------------
myprogram : program port map (
addra => addra,
clka => clka,
addrb => addrb,
clkb => clkb,
dia => dia,
wea => wea,
dib => dib,
web => web,
ena => ena,
enb => enb,
rsta => rsta,
rstb => rstb,
doa => doa,
dob => dob);

-----------------------------------------------------------------------------
-- DATARAM
-----------------------------------------------------------------------------
mydataram : dataram port map (
addra => addrad,
clka => clkad,
addrb => addrbd,
clkb => clkbd,
dia => diad,
wea => wead,
dib => dibd,
web => webd,
ena => enad,
enb => enbd,
rsta => rstad,
rstb => rstbd,
doa => doad,
dob => dobd);

-----------------------------------------------------------------------------
-- KCPSM
-----------------------------------------------------------------------------
cpu : kcpsm port map (
addr => addra(7 downto 0),
i => doa,
input => doad,
output => diad,
port_id => addrad(7 downto 0),
read_strobe => read_strobe,
write_strobe => nwead,
interrupt => interrupt,
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clk => clk);

-----------------------------------------------------------------------------
-- dummy
-----------------------------------------------------------------------------
clka <= clk;
dia <= (others => ’0’);
wea <= ’1’;
ena <= ’1’;
rsta <= reset_l;

clkb <= clk;
rstb <= reset_l;

clkad <= clk;
wead <= not(nwead);
enad <= ’1’;
rstad <= reset_l;

clkbd <= clk;
rstbd <= reset_l;

test_data (31) <= sof_h2u;
test_data (30) <= eof_h2u;
test_data (29) <= sod_h2u;
test_data (28) <= dataen_h2u;
test_data (27 downto 16) <= data_h2u (11 downto 0);
test_data (15) <= sof_u2h;
test_data (14) <= eof_u2h;
test_data (13) <= sod_u2h;
test_data (12) <= dataen_u2h;
test_data (11 downto 0) <= data_u2h (11 downto 0);

end struc;

-- synthesis translate_off
configuration interface_conf of InterfaceModule is

for struc
for all : UDPWrapper

use configuration fpxlib.udpwrapper_conf;
end for;

end for;
end interface_conf;
-- synthesis translate_off
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9.2 Simulation Results

A simulationtestbenchhasbeensetupto testthefunctionalityof this module.In orderto inject fake ATM
cellsinto thetestbench,aC programcalledIP2FAKE is written to accomplishthis task.

Thecommandline optionusedis: ip2fake filename.TBP.

In orderto generatea fake programpackets/cellsfor simulation,usethe ”.TBP” file generatedby the
CONVERT programastheinput to theIP2FAKE program.In orderto generateafakedatapackets/cellsfor
simulation,usea plain text editorto modify thefollowing sample”.TBP” file, anduseit astheinput to the
IP2FAKE program.Pleasenotethat thefirst word of thepayloadmustbe0x00000001to indicatethat it is
adatapacket/cell.

# demo testbench
#
# comments start with #
# commands start with !
# parameters are optional
#
# UDP block, will be prepended by an UDP header
# parameter: ip-address, dest-port, src-port
!UDP 192.168.10.1 7 64000
00000001
48656C6C
6F000000

After the IP2FAKE programis executed,a TESTCELL.DAT is produced.This file is the fake ATM
cellsandcanbeusedby thesimulationtestbenchfor testing.TheIP2FAKE programis partof theIPTEST-
BENCH program.For detailedinstructionson how to usetheIPTESTBENCH,pleasereferto theIPTEST-
BENCH webpage[13].

Somewaveformsdemonstratingthefucntionalityof thecircuit areshown below.

Figure9: Arrival of theCHKHELLO ATM Cell

47



Figure10: Arrival of the’Hello’ ATM Cell

Figure11: Arrival of theCHKHELLO ProgramPacket

Figure12: Arrival of the’Hello’ DataPacket
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Figure13: KCPSMProcessthatlooksfor thestring’Hello’

Figure14: KCPSMProcessthatwritesout thestring’Henry’

Figure15: Departureof the’Henry’ DataPacket
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Figure16: Departureof the’Henry’ ATM Cell

9.3 SynthesisResults

Thecircuit, includingtheKCPSM,ProgramMemory, DataMemory, Interface,andtheProtocolWrappers,
runsat 70MHzandoccupies35%of aXilinx XCV1000E-7-FG680.

A summaryof th synthesisresultsis shown below:

F MaximumFrequency: 70MHz
F Chip Utilization: 35%(4305/ 12288slices)
F ExternalInput Buffers:69 uses
F ExternalOutputBuffers: 105uses
F TotalLUTs: 3807uses

9.4 Xilinx Backend SynthesisResults

Thescriptusedto synthesizethecircuit is shown below.

#!/bin/bash

part=xcv1000e-7-fg680
design=rad_loopback

ngdbuild -p ${part} ${design} -uc ${design}.ucf
map -p ${part} -o top.ncd ${design}.ngd ${design}.pcf
par -w -ol 2 top.ncd ${design}.ncd ${design}.pcf
trce ${design}.ncd ${design}.pcf -e 3 -o ${design}.twr -xml ${design}_trce.xml
bitgen ${design}.ncd -b -l -w -f bitgen.ut

9.5 Laboratory Results

TheFPXKCPSMmodulewasdownloadedto theFPX.UDPpacketsarelaunchedfrom theFPXcontroller
(fpx.arl) into thesystem.IP over ATM wasconfiguredfor IP address192.168.10.1andVPI/VCI 100/101.
UDPpacketsweretransmittedandreceivedon fpx.arl usingC programcalledUDPTESTandUDPSTR.In
orderto senda programpacket, usethe ”.TBP” file generatedby the CONVERT programasthe input to
UDPTEST. In orderto senda datapacket, type in thestring in the input promptof theUDPSTRprogram.
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Both of theUDPTESTandUDPSTRprogramsarepartof theUDPTESTBENCH[14] package.

Thecommandline usedto sendaUDPprogrampacket/cell is: udptest filename.TBP.

Thecommandline usedto sendaUDPdatapacket/cell is: udpstr -h hostname -p port.

Thesourcecodefor theUDPTESTprogramis shown below.

/* A C program used to send and receive a UDP datagram */
/* There is an optional verbose mode [-v] */
/* By Henry Fu */

#include <stdio.h>
#include <stdlib.h>
#include <errno.h>
#include <string.h>
#include <netdb.h>
#include <sys/types.h>
#include <netinet/in.h>
#include <sys/socket.h>

#define MYPORT 3490 /* the source port */
#define TOPORT 8128 /* the destination port */
#define MYSIZE 1536 /* the deault datagram size will be 1536 bytes */

/* Globals for getting command line arguments */
static char *options = "v";
static char *usage = "[input filename] [-v]";
int vflg = 0, errflg = 0;
char *host, *filename;
int port = TOPORT;
int myport = MYPORT;
int bufsize = MYSIZE;
int size;
unsigned char *buf, *rbuf, *lbuf;
int i;
int x0, x1, x2, x3, y0, y1, y2, y3;

/* Required by getopt */
extern char *optarg;
extern int optind, opterr;

/* Function to get command line arguments */
void parseargs(int argc, char *argv[])
{

int c;
int ok = 1;

filename = argv[optind++];

while ((c=getopt(argc,argv,options)) != -1)
switch (c)
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{
case ’v’:
vflg++;
break;

default:
ok = 0;

}

if (!ok || optind < argc) {
fprintf (stderr, "usage : %s %s\n", argv[0], usage);
exit(0);

}
}

/* Function to read input */
int parseinput()
{

int i = 0;
FILE *fd;

if (filename != NULL) {
if ((fd = fopen(filename, "r")) == NULL) {

fprintf (stderr, "Cannot open file %s.\n", filename);
exit(1);

}
}

while (fgets(lbuf, 80, fd) != 0) {
switch (lbuf[0])
{
case ’#’:

if (vflg) fprintf (stdout, "%s",lbuf);
break;

case ’!’:
if (vflg) fprintf (stdout, "%s", lbuf);
sscanf(lbuf, "!UDP %s %d %d\n", host, &port, &myport);
break;

case ’\n’:
if (vflg) fprintf (stdout, "%s", lbuf);
break;

default :
if (vflg) fprintf (stdout, "%s", lbuf);
sscanf(lbuf, "%2x%2x%2x%2x", &x0, &x1, &x2, &x3);
buf[i] = (char) x0;
buf[i+1] = (char) x1;
buf[i+2] = (char) x2;
buf[i+3] = (char) x3;
i += 4;
break;

}
}

fclose(fd);
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if (vflg) fprintf( stdout, "size: %d\n", i);
return i;

}

int main(int argc, char *argv[])
{

int sockfd;
struct hostent *he;
struct sockaddr_in my_addr;
struct sockaddr_in their_addr; /* connector’s address information */

buf = calloc(bufsize, sizeof(char));
rbuf = calloc(bufsize, sizeof(char));
lbuf = calloc(80, sizeof(char));
host = calloc(80, sizeof(char));

parseargs(argc, argv);
size = parseinput();

if (vflg) fprintf (stdout, "UDPTest is getting host name ...\n");

if ((he=gethostbyname(host)) == NULL) { /* get the host info */
perror("UDPTest failed at gethostbyname");
exit(1);

}

if (vflg) fprintf (stdout, "UDPTest is allocating socket ...\n");

if ((sockfd = socket(AF_INET, SOCK_DGRAM, 0)) == -1) {
perror("UDPTest failed at socket");
exit(1);

}

my_addr.sin_family = AF_INET;
my_addr.sin_port = htons(myport);
my_addr.sin_addr.s_addr = INADDR_ANY;
bzero(&(my_addr.sin_zero), 8);

if (vflg) fprintf (stdout, "UDPTest is binding ...\n");

if (bind(sockfd, (struct sockaddr *)&my_addr, sizeof(struct sockaddr))
== -1) {

perror("UDPTest failed at bind");
exit(1);

}

their_addr.sin_family = AF_INET; /* host byte order */
their_addr.sin_port = htons(port); /* short, network byte order */
their_addr.sin_addr = *((struct in_addr *)he->h_addr);
bzero(&(their_addr.sin_zero), 8); /* zero the rest of the struct */

if (vflg) fprintf (stdout, "UDPTest is sending ...\n");

if (sendto(sockfd, buf, size, 0,
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(const struct sockaddr *) &their_addr, sizeof(their_addr)) < 0) {
perror("UDPTest failed at sendto");
exit(1);

}

fprintf (stdout, "Sent: \n");
for(i=0; i<size; i+=4) {

x0 = buf[i];
x1 = buf[i+1];
x2 = buf[i+2];
x3 = buf[i+3];
fprintf (stdout, "%.2X%.2X%.2X%.2X\n",x0,x1,x2,x3);

}

if (vflg) fprintf (stdout, "UDPTest is receiving ...\n");

if ((size = read(sockfd, rbuf, bufsize)) < 0) {
perror("UDPTest failed at read");
exit(1);

}

fprintf (stdout, "Received: \n");
for(i=0; i<size; i+=4) {

y0 = rbuf[i];
y1 = rbuf[i+1];
y2 = rbuf[i+2];
y3 = rbuf[i+3];
fprintf (stdout, "%.2X%.2X%.2X%.2X\n",y0,y1,y2,y3);

}

close(sockfd);

return 0;
}

Thesourcecodefor theUDPSTRprogramis shown below.

/* A C program used to send and receive a UDP datagram */
/* There is an optional verbose mode [-v] */
/* By Henry Fu */

#include <stdio.h>
#include <stdlib.h>
#include <errno.h>
#include <string.h>
#include <netdb.h>
#include <sys/types.h>
#include <netinet/in.h>
#include <sys/socket.h>

#define MYPORT 64000 /* the source port */
#define TOPORT 7 /* the destination port */
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#define MYSIZE 1536 /* the deault datagram size will be 1536 bytes */

/* Globals for getting command line arguments */
static char *options = "h:p:s:v";
static char *usage = "[-h destination host] [-p destination port] [-s source port] [-v]";
int vflg = 0, errflg = 0;
char *host;
int port = TOPORT;
int myport = MYPORT;
int bufsize = MYSIZE;
int size;
unsigned char *rbuf, *lbuf;
int i;
int x0, x1, x2, x3, y0, y1, y2, y3;

/* Required by getopt */
extern char *optarg;
extern int optind, opterr;

/* Function to get command line arguments */
void parseargs(int argc, char *argv[])
{

int c;
int ok = 1;

while ((c=getopt(argc,argv,options)) != -1)
switch (c)
{
case ’h’:
host = optarg;
break;

case ’p’:
port = atoi(optarg);
break;

case ’s’:
myport = atoi(optarg);
break;

case ’v’:
vflg++;
break;

default:
ok = 0;

}

if (!ok || optind < argc) {
fprintf (stderr, "usage : %s %s\n", argv[0], usage);
exit(0);

}
}

/* Function to read input */
int parseinput()
{

int length = 0;
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fputs ("Please enter the string you want to send: \n", stdout);
fgets (&lbuf[4], bufsize, stdin);

/* prepend KCPSM data packet header to begin of payload */
lbuf[0] = (char) 0;
lbuf[1] = (char) 0;
lbuf[2] = (char) 0;
lbuf[3] = (char) 1;

/* update payload size */
length = strlen(&lbuf[4])+4;

/* replace the line feed with a null character */
lbuf [length-1] = (char) 0;

/* append "zeroes" to end of payload until the size is a multiple of 4 */
while (length % 4 != 0) {

lbuf[length] = (char) 0;
length++;

}

return length;
}

int main(int argc, char *argv[])
{

int sockfd;
struct hostent *he;
struct sockaddr_in my_addr;
struct sockaddr_in their_addr; /* connector’s address information */

lbuf = calloc(bufsize, sizeof(char));
rbuf = calloc(bufsize, sizeof(char));
host = calloc(80, sizeof(char));

parseargs(argc, argv);
size = parseinput();

if (vflg) fprintf (stdout, "UDPStr is getting host name ...\n");

if ((he=gethostbyname(host)) == NULL) { /* get the host info */
perror("UDPStr failed at gethostbyname");
exit(1);

}

if (vflg) fprintf (stdout, "UDPStr is allocating socket ...\n");

if ((sockfd = socket(AF_INET, SOCK_DGRAM, 0)) == -1) {
perror("UDPStr failed at socket");
exit(1);

}

my_addr.sin_family = AF_INET;
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my_addr.sin_port = htons(myport);
my_addr.sin_addr.s_addr = INADDR_ANY;
bzero(&(my_addr.sin_zero), 8);

if (vflg) fprintf (stdout, "UDPStr is binding ...\n");

if (bind(sockfd, (struct sockaddr *)&my_addr, sizeof(struct sockaddr))
== -1) {

perror("UDPStr failed at bind");
exit(1);

}

their_addr.sin_family = AF_INET; /* host byte order */
their_addr.sin_port = htons(port); /* short, network byte order */
their_addr.sin_addr = *((struct in_addr *)he->h_addr);
bzero(&(their_addr.sin_zero), 8); /* zero the rest of the struct */

if (vflg) fprintf (stdout, "UDPStr is sending %d bytes ...\n", size);

if (sendto(sockfd, lbuf, size, 0,
(const struct sockaddr *) &their_addr, sizeof(their_addr)) < 0) {

perror("UDPStr failed at sendto");
exit(1);

}

fprintf (stdout, "Sent %d bytes: \n", size);
fprintf (stdout, "%s\n",&lbuf[4]);

if ((size = read(sockfd, rbuf, bufsize)) < 0) {
perror("UDPStr failed at read");
exit(1);

}

if (vflg) fprintf (stdout, "UDPStr is receiving %d bytes ...\n", size);

fprintf (stdout, "Received %d bytes: \n", size);
fprintf (stdout, "%s\n",&rbuf[4]);

close(sockfd);

return 0;
}

In thefirst test,thestring ’Hello’ is sentusingtheUDPSTRprogram.After receiving this packet, the
FPX KCPSMmodulejust echoedbacktheoriginal string. In thesecondtest,theCHKHELLO programis
sentusingtheUDPTESTprogram.After receiving thispacket, theFPXKCPSMmoduleonceagainechoed
backtheoriginal program.Thestring’Hello’ is thensentusingtheUDPSTRprogram.After receiving this
packet, the FPX KCPSM moduleloadedwith the CHKHELLO programmodifiedthe string ’Hello’ and
echoedbackthenew string’Henry’ to thesender.
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10 Distrib ution

All of thefiles in thisprojectareincludedin asingleTAR file, andit is availableathttp://www.arl.-
wustl.edu/arl/projects/fpx/fpx kcpsm [15]. Detaileddescriptionof thedirectorystructureof
theTAR file beginningfrom theroot level is discussedbelow.

F /iptestbench/ It includesthesourcefiles,input/outputfiles,andcompilescriptfor theIP2FAKE
program.

F /udptestbench/ It includesthesorucefiles,inputfiles,andcompilescriptfor theUDPTEST, UDP-
STR program.

F /KCPSM/

–coregen/ It includesthesimulationfiles andtheoutputfiles for theCOREGENcomponents
usedin thismodule.

–sim/ It includestheVHDL sourcefiles, theinput/outputfiles,andthesimulationscriptfor the
testbenchthatsimulatesthismodulein Modelsim.

–syn/ It includesthescriptandtheSynplicityprojectfiles usedto synthesizethismodule.
G rad-xcve1000/ It includesthe outputfiles generatedby the Xilinx backendtools and
theresultingbit file of thismodule.

–vhdl/ It includestheVHDL sourcefiles for thismodule.
–wrappers/ It includestheEDN files andthesimulationVHDL files of theLayeredProtocol
Wrappers.

–package/ It includestheXilinx KCPSMPackage.It includestheKCPSMBLE assembler, the
PSMDEBUG debugger, andotherrelevantfiles.

G convert/ It includestheC sourcefilesandthecompilescriptfor theCONVERT program.
G chkhello/ It includestheassemblysourcefiles for thestringreplacementprogram.
G chksum/ It includestheassemblysourcefilesfor a testprogramto shortenthedatapacket
by appendingfake UDPchecksumin thetrailer.

G test/ It includestheassemblysourcefiles for thesimplecounterprogram.

11 Exercises
F UsingtheKCPSMprogramtemplate,implementtheROT13encryption/ decryptionalgorithm.

–Edit thesource”.PSM” file.
–AssembletheKCPSMprogram.

F Convert theabove KCPSMprograminto fake ATM cells.

–UsetheCONVERT programto generate”.TBP” file.
–UsetheIP2FAKE programto generatefake ATM cell.

F Generatenew datapacketsandconvert theminto fake ATM cells.

–Usethesample”.TBP” file asageneralguide.
–UsetheIP2FAKE programto generatefake ATM cell.

F SendUDPdatagramto testyournew design.

–UsetheUDPTESTprogramto sendprogrampacketsandUDPSTRto senddatapackets.
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12 Conclusion

This project demonstrateshow a softcoreprocessorcan be embeddedinto an FPX moduleand how to
usetheProtocolWrappersto implementactive networking functionsfor thedataandprogramscarriedin
Internet-Protocolpackets.TheFPXKCPSMmodulecombinestheflexibility of asoftwareprogramandthe
performancebenefitsof ahardwaremoduleto allow thecontentof theProgramMemoryto bedynamically
reprogrammedover thenetwork throughtheuseof UDP datagrams.Althoughthecurrentimplementation
is targetedto work with theKCPSMin theWUGSandtheFPX researchenvironment,it canbeadaptedto
work with othersoftcoreprocessorsin otherFPGA-basedsystem.It synthesizesto run at 70MHz anduse
35%of theavailablegatesonaXilinx XCV1000E-7-FG680.
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