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Abstract

While hardware pluginsarewell suitedfor processinglatawith high throughputsoftwarepluginsarewell
suitedfor implementingcomplex control functions. A plugin modulehasbeenimplementedor the FPX
thatexecutessoftware on anembeddedoft-coreprocessorBy includingthis modulein an FPX design,it
is possibleto implementactive networking functionson the FPX using both hardware and software. The
KCPSM,an 8-bit microcontrollerdevelopedby Xilinx Corp.,hasbeenembeddednto a FPX module.The
moduleincludescircuitsto be reprogrammeaver the network andto executenew programsbetweenthe
processingf datapaclets. A sampleapplication,calledthe FPX KCPSMModule hasbeendevelopedthat
illustrateshow easily an applicationcan make useof the hybrid system. This moduleloadsthe program
memoryof the KCPSM from anincoming UDP paclet, and executesthe nev programuponreceving a
new incomingUDP paclet. Theresultingcircuit runsat 70MHz andoccupies35%on a Xilinx XCV1000E-
7-FG680.

Supportedy: NSFANI-0096052andXilinx Corp.



1 Intr oduction

A small, active, and reconfigurablgprocessinghode hasbeenimplementedas a modulefor the FPX [1]
usingthe ProtocolWrapperq2] andthe KCPSM[3]. The ProtocolWrappersprocesgheincoming ATM
cellsandprovide the modulewith valid UDP paclets. The modulethenloadsthe contentsof the paclets
into the programor datamemoryof the processoraccordingto the first word of the payload.If the module
takesin aprogrampaclet, the KCPSMwill resetandrunthe newv programafterit hasfinishedprocessing
thecurrentpaclet. If themoduletakesin a datapaclet, the KCPSMwill procesghe new paclet afterit has
finishedprocessingll of the previous paclets. Whenthe moduleis not acceptingary incomingpaclets, it
will sendthe completedorogramanddatapacletsbackto the ProtocolWrappers.The ProtocolWrappers
packthe completedbacletsinto valid ATM cells. The FPXKCPSMModuleis shavn in Figurel.
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Figurel: TheFPXKCPSMModule

For this project, a circuit is implementedso thatit allows the programmemoryof the KCPSMto be
dynamicallyreprogrammedaver the network throughthe useof UDP Datagrams.Therefore the function
of the processingnodulecanbe changeddynamically on a paclet by paclet basis. This functionality is
over and abore the featureof dynamicallyreprogramming=PX hardware modules[4]. Currently up to
four pacletswith a maximumlength of 256 bytescan be storedin the modulefor processingand up to
two programswith a maximumlengthof 256instructionscanbe storedin the modulefor execution.These
limits canbe easilyextendedfor 32-bit softcoreprocessorssuchasthe Microblaze[5].



2 Background of the FPX

TheFPX (Field Programmabl®ortExtender)6] [7] is areprogrammablégic device thatprovidesahard-
ware platform for the userto deplgy network modules. It actsasan interfacebetweenthe line cardsand
the WUGS (WashingtonUniversity Gigabit Switch) [8], andit canbe insertedbetweernthesetwo cardsas
shawvn in Figure2.
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Figure2: Configurationfor theWUGS, FPX, andtheLine Cards

The FPX is composedf two FPGASs: the Network Interface Device (NID) andthe Reprogrammable
Application Device (RAD) [9]. The NID interconnectshe WUGS, theline cards,andthe RAD, andpro-
videsthe logic to dynamicallyreprogramthe RAD. The RAD canbe programmedo hold userdefined
network modulesandis connectedo two SRAM andtwo SDRAM componentsFigure3 shavs the major
componentsf the FPX.
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Figure3: Major Component®f the FPX



Althoughthis projectis primarily designedor andtargetedto the FPX andthe WUGS researclervi-
ronment,t is writtenin portableVHDL andcanbeusedin ary FPGA-basedystem.

3 Background of the KCPSM

TheKCPSM(Constan{K) CodedProgrammabl&tateMachine)is a8-bit microcontrollerandtakesonly 35
CLBsin aFPGA.It provides49 differentinstructions,16 registers,256 directly andindirectly addressable
ports,anda maskablenterruptat 35 millions instructionspersecondMIPS). It canbeusedin conjunction
with anUART [10] to processerialinputandoutput. Its functionsandperformanceareadequatéo process
pacletsandcontrolnetwork traffic.

The KCPSMwasdevelopedby Ken Chapmarof Xilinx Corp. andis designedor usewith its Virtex
andSpartan-lldevices. It is providedin theform of an EDIF macroandcanbe embeddednto ary FPGA
design. It alsoincludesanassembleanddeluggerfor writing andtestingprogramdor the KCPSM. Two
modulesof dual-portmemoryarerequiredin orderto usethe KCPSM. Onedual-portmemoryactsasthe
programmemorywhile theotheractsasthedatamemory Botharegeneratedisingthe COREGENprogram
providedfrom Xilinx Corp. Theblock diagramof the KCPSMis shavn in Figure4.
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Figure4: Block Diagramof the KCPSM

Thisdocumentsenesasareferencdor implementinga softcoreprocessowithin a FPX module.Other

softcoreprocessorssuch as the MicroBlaze [5] from Xilinx Corp. could be implementedin a similar
manner

4 Background of the Protocol Wrappers

TheProtocolWrapperq11] areusedin the FPX KCPSMmoduleto streamlineandsimplify the networking

functionsto processATM cells,AALS5 frames,IP pacletsandUDP datagramslirectly in hardware. It is a

layereddesignandconsistof differentprocessingircuitsin eachlayer;the block diagramof the Protocol
Wrapperds shavn in Figure5. At the lowestlevel, the Cell Processoprocessesaw ATM cells between
network interfaces.At thehigherlevels,the FrameProcessoprocessesariablelengthAALS frameswhile

the IP Processoprocesse$P paclets. At the userlevel, the UDP Processotransmitsandreceves UDP

messages.Differentlayersof abstractionis importantfor networks becauset allows applicationto be

implementedat a level whereimportantdetailsareexposedandirrelevantdetailsare hidden. This way, an

applicationthatinteractswith IP pacletsor anapplicationthatinteractswith UDP messagesanequallyuse
the ProtocolWrapperseffectively.
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Figure5: Block Diagramof the ProtocolWrappers.

For detailedinstructionson how to usethe ProtocolWrappers pleaserefer to the ProtocolWrappers
webpagd12].

5 Implementation of the Interface

All operationsof the FPX KCPSM moduleare controlledby aninterfacecircuit thatresidesbetweernthe
KCPSM and the ProtocolWrapper It switchesthe sourceand destinationlP addressand port numbery
buffers the incoming UDP paclets, checksif they are Datapaclets or Programpaclets, and storesthem
into the Dataor ProgramMemaoryrespecirely. It alsoresetgshe KCPSM, echoeghe Programpaclets,and
writesthe completedDatapacletsbackto the senderTheoverviewn of thelnterfaceis shavn in Figure6.

5.1 Switching the Sourceand Destination IP Addr essand Port Number of the UDP Packets
The KCPSM Interfaceswitchesthe sourceanddestinationP addressandport numberof the UDP paclets
sothattheunmodifiedprogrampaclet andthe completeddatapaclet canbe echoedackto the sender

5.2 UDP PacketsFIFO Control

A FIFO buffersincomingUDP paclets. Buffering of the datais requiredbecausdhe UDP Packets Store
Controlunit mustwait for theresultsfrom the UDP Paclkets Type Checkunit in orderto determinevhether
to storethe contentf the UDP pacletsinto the programmemoryor the datamemory

5.3 UDP Packets Type Check

While the FIFO buffers incoming UDP paclets, the UDP Paclets Type Checkunit checksthemto seeif
they are Datapaclets or Programpaclets. It looks for the first word of the UDP payload;a 0x00000000
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Figure6: Overvien of the KCPSMInterface

indicatesa Programpaclet, and a 0x00000001lindicatesa Data paclet. Onceit knows the type of the
incomingpaclets,the UDP Packets StoreControlunit canprocesshemaccordingly

5.4 UDP Packets Store Control

The UDP PacletsStoreControlunit storeshe Datapacletsandthe Programpacletsdifferently If they are
Datapaclets, it will storethe whole pacletsincludingthe ATM, AAL5 Frame,IP andUDP headersthe
UDP payloadandthe ATM trailersinto the DataMemory If they areProgranmpaclets,it will only storethe
UDP payload,whichis the KCPSM program,into the ProgramMemory. After it storesa Programpaclet,
it will incrementhe programqueuecounterto indicatethata nev programhasjustbeenloaded.It will also
incrementhe bankcounterof the DataMemory or the ProgramMemory accordinglysothatthe next Data
paclet or the next Programpaclet will storeinto thenext bankof the DataMemoryor the next bankof the
ProgramMemory

5.5 KCPSM ResetControl

The KCPSM ResetControl unit will only resetthe KCPSM oncethe KCPSM hasfinishedprocessinghe
currentDatapaclet. It will first checkif thereis unprocesse®atapaclet storedin the DataMemory, If

thereis unprocessedatapaclet, it will incrementthe bank counterof the DataMemory so that the next

Datapaclet storedin the DataMemorywill be processedext. It will alsocheckif thereis a newv program
storedin theProgramMemory. If thereis nonew program,it will justresetthe KCPSMsothatthe KCPSM
will procesghenext Datapaclet usingthe currentprogram.If thereis a new programit will incrementhe
bankcounterof the ProgramMemory sothatthe KCPSMwill procesghe next Datapaclet usingthe nev
program.In eithercasethe KCPSMResetControl unit resetdshe KCPSM by assertinghe Interruptinput
of the KCPSMfor two clock cycles.



5.6 Unmodified Program Packets Echo Control

Oncethe UDP PacketsStoreControlunit knows thattheincomingUDP pacletscontainKk CPSM programs,
the ProgramPackets Echo Control unit will automaticallyechothembackto the network. Receptionof a

valid programpaclet is guaranteedecausehe ProtocolWrappersverifiesthat a nev programhasbeen
transferred.

5.7 CompletedData PacketsWrite Control

The DataPacketsWrite Controlunit will only write the completeddatapacletsbackto the ProtocolWrap-
perswhenthereis no new incomingdatapaclet. If a nev datapaclet arriveswhile it is writing a paclet,
it will pausethe currentwriting process.The DataPacketsWrite Controlunit will alsoincrementhewrite
gueuecountewhenthe KCPSMindicateghatit hasjustfinishedprocessing datapaclet. Whenit is ready
to write, it will write the numberof completedDatapacletsindicatedby thewrite queuecounter

6 Program Packet Processing

This modulehastwo banksof programmemory andeachbankcanstorea programwith amaximumlength
of 256 instructions. The ProgramMemory is built usingdual-portRAMs. The KCPSM readsthe current
programon one port while the Interface storesthe newv programon the otherport. Becausehe Interface
storesthe new programin the alternateébankof the programmemoryandbecauséhe two dataportsof the
dual-portRAM operatendependentlythe KCPSMandthe Interfacecanperformtheir tasksimultaneously
As soonasthe Interfacebeagins storinga new programin the programmemory it alsowritesit backoutto
the ProtocolWrappersso thatthe unmodifiedprogrampaclet is echoedbackto the sender The overvien
of this schemas shavn in Figure?.

Independent

KC P S M Process

ADDRl IN TT /L

ALTERNATE CURRENT
BANK BANK
PROGRAM| MEMORY
Proceed as long as Proceed as long as
there is new incoming there is new incoming
program packet ADDR INST program packet

Program Packet == INTERFACE = Program Packet

Figure7: Overview of the ProgramPacket ProcessingConfiguration

Oncethe entire contentof a new programis storedin the alternatebankof the programmemory and
oncethe currentdatapaclet (if ary) is completelyprocessedby the KCPSM, the context of the KCPSMis
switchedto the newv program. The KCPSMthenprocesseshe next datapaclet (if ary) storedin the next
bankof the datamemory



7 Data Packet Processing

This modulehasfour banksof datamemory andeachbankcanstorea datapaclet with amaximumlength
of 256 bytes,includingthe ATM, AALS5, IP andUDP headerthe UDP payload,andthe ATM trailer. The
DataMemoryis alsobuilt usingdual-portRAMs, sothe KCPSM canreadthe currentdatapaclet on one
portwhile the Interfacestoresa new datapaclet onthe other Becauseéhe KCPSMandthe Interfacework
ondifferentbanksandbecause¢hetwo dataportsof thedual-portRAM operateéndependentlythe KCPSM
andthe Interfacecanperformtheir tasksimultaneouslyBecausehe Interfaceonly usesoneport, it cannot
readandwrite to the DataMemorysimultaneouslyThe Interfacewill only write the completeddatapaclet
backto the ProtocolWrappersvhenthereis noincomingdatapaclet. If anew incomingdatapacletarrives
while the Interfaceis writing, it will pausehewrite processstorethe new pacletto the DataMemory, and
thenlaterresumethe write processfterwards. The overview of this schemes shavn in Figure8.
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In orderto implementthis design,the Interfaceincrementsa write queuecounterwhenthe KCPSM
signalsthat it hasfinished processinga datapaclet, and decrementghe counterwhen it haswritten a
completeddatapaclet backto the ProtocolWrappers.The Interfacewill continuewriting completeddata
pacletsbackto the ProtocolWrappersolong asthewrite queuecountelis notzeroandthereis noincoming
datapaclet.

8 Programming the KCPSM

TheKCPSMexecutegprogramsstoredin the ProgramMemory As describecearlier the ProgramMemory
canstoretwo programsat the sametime, andeachprogramis limited to 256 bytes. Programsshouldbe
assembledo startat addres€x00. The Interruptinput of the KCPSMis usedto resetthe processorOnce
the Interruptinput is assertedthe programaddressf the KCPSMis forcedto addres9xFF In orderto
properlyresetthe KCPSM, the instructionlocatedat addres€xFF shouldbe a NOP instruction,so on the
next clock cycle, the programaddressanroll over andreturnbackto addres$x00. Therefore eachpro-
gramis effectively limited to 255bytes.

TheKCPSMreaddsrom andwritesto thedatastoredin the DataMemory As describecdearlier the Data
memorycanstorefour datapacletsatthe sametime, andeachpacletis limited to 256 bytes.However, the
Interfacemodulelooks for a KCPSM write to addresxFF asanindicationto resetthe KCPSM, soeach
datapacletis effectively limited to 255 bytes.



8.1 Assemblinga KCPSM Program

An assemblecalled KCPSMBLE is includedin the KCPSM packagerom Xilinx Corp andneedsto be
executedn aPCplatform. KCPSMprogramsarebestwritten usingplain text editorssuchasNotepad.The
programfile needdo besavedin a8.3file formatwith a.PSMextension.

Thecommandine usedto assemblea KCPSMprogramis: kcpsnbl e prog_nane. psm

After KCPSMBLEffinishesassemblinghe program severalfiles aregenerated:

eDirect EDIF netlist(<pr og_nane>. edn). It is a”black box” for a single-portblock RAM, andits
contenthasbeeninitialized to the machinecodeof the programstartingat addres€Dx00. This file
canbe usedfor synthesismmediatelyif the KCPSMis connectedo the ProgramMemory usinga
single-portblock RAM in aROM configuration.

eCoeficient File (<pr og_nane>. coe). It is a coeficient file usedby COREGEN.This file canbe
modifiedsothattheKCPSMcanconnecto theProgramMemoryusingary blok RAM configuration.
For this project,the coeficient file generatedy KCPSMBLE hasbeenmodifiedsothat COREGEN
cangenerate dual-portblock RAM modulewith its contentbeinginitialized to the machinecodeof
theprogram.

¢FORMAT.PSMFile. It is the orginal file reformatted.

eLog File (<pr og_nane>. | 0g). It shavstheassemblyrocessn details.

oXilinx FoundationSimulationFile (<pr og_nane>. hex). It is usedto initialize the contentsof the
block RAM in simulation.

8.2 Registers,Constantsand Speciallnstructions

TheKCPSMhas16 8-bit registersandcanbe usedin the programusingthe”sX” format,where”X” is one
of thefollowing: 0, 1, 2, 3,4, 5,6, 7, 8,9, A, B, C, D, E, F.Constantganalsobeusedin theprogram
andis specifiedn the form of a two-digit hexadecimalaluerangingfrom 0x00to OxFF

The KCPSMprovidesseveral specialinstructionsusedto handlinginterruptand!/O operations:

oENABLE | NTERRUPT. This instructionenableduture interruptrequests.If the programwantsto
supportinterruptrequeststhis instructionshouldbe thefirst instructionof the programbecausehe
KCPSMdoesnotenablenterruptrequesby default.

oDl SABLE | NTERRUPT. Thisinstructiondisabledutureinterruptrequests.

eRETURNI ENABLE. Thisinstructionis a specialvariationof the RETURN instruction. It concludes
aninterruptserviceroutineandspecifieghatfutureinterruptrequestsareenabled.

eRETURNI DI SABLE. This instructionis the sameasthe RETURNI ENABLE instructionexceptit
specifieghatfutureinterruptrequestaredisabled.

ol NPUT. Thisinstructionenables8-bit datavaluesexternalto the KCPSMto betransferredo any one
of theinternalregisters.The portaddressanbe specifieddirectly asa constanwalueor indirectly as
the contentsof any otherregisters.

¢QUTPUT. Thisinstructionenables-bit datavaluesin ary oneof theinternalregistersto betransferred
to logic externalto the KCPSM. The port addresscan be specifieddirectly as a constantvalue or
indirectly asthe contentsof ary otherregisters.

For detailedexplanationof every instructionavailableto the KCPSM, pleaseeferto the KCPSM Applica-
tion Notes[3].



8.3 A SimpleProgram

An sampleKCPSM programthatimplementsa down counterandoutputsthe valuesof the counteron port
addres®x01is shavn below.

; This programinpl ements a DOAN count er
; By Henry Fu
;(c) 2001 Washington University, Applied Research Lab

ENABLE | NTERRUPT

INIT: LOAD SA, 80 ; INITIAL VALUE IS 15
LOOP: QUTPUT SA 01 ; SEND I' T QUT ON PORT 01
SUB SA, 01 ; DECREMENT BY 1

CONT: JUWP NZ, LOOP ; KEEP COUNTI NG
JUWP INIT  KEEP DO NG | T FOREVER

Theassembleoutputof the exampleprogramis shovn below.

KCPSM Assenbl er v1.11 Ken Chapman (Xilinx-UK) 2000
PASS 1 - Reading PSMfile with basic format checking

; This programinpl ements a DOAN count er

; By Henry Fu

;(c) 2001 Washington University, Applied Research Lab
ENABLE | NTERRUPT

INIT: LOAD SA, 80 ; INITIAL VALUE IS 15
LOCP: QUTPUT  SA, 01 ; SEND | T QUT ON PORT 01
SUB SA, 01 ; DECREMENT BY 1

CONT: JUWP NZ, LOOP ; KEEP COUNTI NG
JUWP INIT ; KEEP DO NG | T FOREVER

PASS 2 - Conputing program addresses and buil ding Label cross reference

00 ; This programinpl enents a DOMNN count er
00 ; By Henry Fu
00 ;(c) 2001 Washington University, Applied Research Lab

00 ENABLE | NTERRUPT

01 INT: LOAD sA 80 ;INITIAL VALUE IS 15

02 LOOP: QUTPUT sA /01 ;SEND IT QUT ON PORT 01
03 SUB sA 01 ; DECREMENT BY 1

04 CONT: JUWMP NZ, LOCP ; KEEP COUNTI NG

05 JUWMP INIT ; KEEP DO NG | T FOREVER

PASS 3 - Resol vi ng operands, constants and | abels

; This programinpl ements a DOAN count er

; By Henry Fu

;(c) 2001 Washington University, Applied Research Lab
ENABLE | NTERRUPT
INIT: LOAD sA 80 ;INITIAL VALUE IS 15
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LOOP: OQUTPUT sA, 01 ;SEND I'T OQUT ON PORT 01
SUB sA, 01 ; DECREMENT BY 1

CONT: JUWVP NZ, LOOP ; KEEP COUNTI NG

JUMP INIT ; KEEP DO NG | T FOREVER

PASS 4

Witing formatted version of programto file ’'format. psm

PASS 5 - Assenble - Log file "test.log .

PASS 6 - Witing ROMtemplate file "test.coe’.
Witing HEX file for sinulation utilities 'test.hex'.
PASS 7 - Witing EDIF program ROM design file "test.edn’.

KCPSMBLE conpl et e.

8.4 Debhugginga KCPSM Program

A simpledeluggercalledPSMDEBUG is includedin the KCPSM packagdrom Xilinx Corpandneedso
be executedin a PC platform. It allows the userto testthe operationof the programandprovidesinternal
programdetailssuchasprogramflow, 1/0O operationsandvaluesof internalregistersandflags. Notice that
the”.coe” file usedmustbetheonegeneratedhy KCPSMBLE andbeunmodified.

Thecommandine usedto delug a KCPSMprogramis: psndebug prog_nane. coe.

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

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

Becausehe”.coe” file generatedhy KCPSMBLE s targetedto usewith Single-Porblock RAMs generated
by COREGEN somemodificationgo thatfile mustbe madebeforeit canbe usedwith the Dual-Portblock
RAMS. Also, theraw contentof the KCPSM programstoredin the”.coe” file mustbe cornvertedbeforeit
canbe usedfor simulationor laboratorytesting. A C programcalled CONVERT is written to accomplish
thesetasks.

Thecommandine usedis: convert prog_name. coe.

Two files aregeneratecfterthe CONVERT programis executed:

eprogr am coe. It is acoeficient file usedoy COREGENto generatea dual-portblock RAM. The
contentof the generatedlual-portblock RAM will bepreloadedvith the KCPSMprogram.

o| NST. TBP. It is a file usedby the IP2FAKE and UDPTEST programs. IP2FAKE takesin the
INST.TBP file to produceda fake ATM cell for simulation,and UDPTESTtakesin the INST.TBP
to senda UDP datagranover the network.
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8.6 A KCPSM Program Template

All KCPSMprogramsshouldfollow atemplatein orderfor themto work with theInterfacemodule.A pro-
gramshouldfirst enablegheinterruptof the KCPSMsothatthe Interfaceunit is ableto resetthe KCPSM.
Next, it shouldcheckif adatapacletis storedin thememory If thereis nodatapaclet storedin thememory
it shouldsignalto the Interfacethatit hasdoneprocessingndthereis no write by writing 0x00to address
OXFF If thereis a datapaclet storedin the memory it canstartprocessingAfter the processings done,it
shouldsignalsto thelInterfacethatit hasdoneprocessindyy writing OxFFto addres®xFFE Finally, it should
suspendshe KCPSM.A KCPSM programtemplateis shavn below.

; Enabl e KCPSM I nterrupt so that the KCPSM Interface can reset the KCPSM
ENABLE | NTERRUPT

;Check if there is new data packet in nmenory
;if no data, signal KCPSM Interface that process is done with no wite
;if there is data, proceed to process data

I NIT: I NPUT  SA 03 ; LOAD M 03] TO SA
SUB SA, 00 ; COMPARE SA TO 00
JUWP Nz, CHK ; DATA | N MEMORY, PROCEED
LOAD SA, 00 ; NO DATA, LOAD 00 TO SA, no wite, signal done
QUTPUT  SA, FF ; WRITE 00 TO M FF], no wite, signal done
JUWP VAIT ; WAL T
; Assenbly code to process data
CHK: ; Assenbly code goes here
; Signal KCPSM Interface that process is done, and needs to wite it out
DONE: LOAD SA, FF ; LOAD FF TO SA, signal done
QUTPUT SA FF ; WRITE FF TO M FF], wite, signal done

;Junp to end of program Suspend KCPSM
ADDRESS FE
WAI T: JUWP VAIT

8.7 A CompleteProgram: String Replacement

Thefollowing exampleexerciseshe KCPSM anddemonstratethe software reconfigurabilityof this FPX
module. The first programdoesnot performary modificationto the UDP paclet. The secondprogram
looksfor thestring’Hello’ in the payloadof anUDP paclet, andonceit findsamatch,it replaceghestring
'Hello’ with 'Henry’. Thethird programlooksfor the string’Hello’ in the payloadof an UDP paclet, and
onceit findsa matchit appendshestring’ Henry’ after’'Hello’.

Thesourcecodefor thefirst programis shavn below.

;Check if there is a new data packet in nmenory,
;1f yes, signal done

; By Henry Fu

; (¢) Washington University Applied Research Lab
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ENABLE | NTERRUPT

;Check if there is new data packet in nmenory

I NIT: I NPUT  SA 03 ; LOAD M 03] TO SA
SUB SA, 00 ; COMPARE SA TO 00
JuwP NZ, DONE ; DATA | N MEMORY, PROCEED
LOAD SA, 00 ; NO DATA, LOAD 00 TO SA, no write, signal done
QUTPUT SA, FF ; WRITE 00 TO M FF], no wite, signal done
JUWP VAIT WAL T
; Signal processing done
DONE: LOAD SA, FF ; LOAD FF TO SA, signal done
QUTPUT SA, FF s WRITE FF TO M FF], wite, signal done

; Junps to end of program Suspend KCPSM
ADDRESS FE
WAI T: JUWP VAIT

Thesourcecodefor the secondorogramis shavn below.

;Check if the data at Address 24 to 28 = "Hello’,
;1f yes, change it to 'Henry’

; By Henry Fu

; (¢) Washington University Applied Research Lab

ENABLE | NTERRUPT

;Check if there is new data packet in nmenory

INIT: I NPUT  SA, 03 ; LOAD M 03] TO SA
SUB SA, 00 ; COMPARE SA TO 00
JUWP Nz, CHK ; DATA | N MEMORY, PROCEED
LOAD SA, 00 ; NO DATA, LOAD 00 TO SA, no write, signal done
QUTPUT SA, FF ; WRITE 00 TO M FF], no wite, signal done
JUWP VA T WAIT

; Check the string "Hello in payl oad

CHK: INPUT  SA 24 ; LOAD M 24] TO SA
SUB SA, 48 ; COMPARE SA TO ' H
JUWP Nz, DONE ; NOT EQUAL => NO CHANGE
I NPUT  SA 25 ; LOAD M 25] TO SA
SUB SA, 65 ; COMPARE SA TO ' ¢’
JUWP Nz, DONE : NOT EQUAL => NO CHANGE
I NPUT  SA 26 ; LOAD M 26] TO SA
SuUB SA, 6C ; COMPARE SA TO ' I’
JUWP Nz, DONE ; NOT EQUAL => NO CHANGE
I NPUT  SA 27 ; LOAD M 27] TO SA
SUB SA, 6C ; COMPARE SA TO ' I’
JUWP NZ, DONE ; NOT EQUAL => NO CHANGE
I NPUT  SA 28 ; LOAD M 28] TO SA
SUB SA, 6F ; COMPARE SA TO ' o’
JUuwP Nz, DONE : NOT EQUAL => NO CHANGE
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; Repl ace the string "Hello with 'Henry’

LOAD SA, 48 ; LOAD '"H TO SA
QUTPUT SA 24 ; WRITE SA TO M 24]
LOAD SA, 65 ; LOAD "e’ TO SA
QUTPUT SA, 25 ; WRITE SA TO M 25]
LOAD SA, 6E ; LOAD 'n’ TO SA
QUTPUT SA, 26 ; WRI TE SA TO M 26]
LOAD SA, 72 ;LOAD 'r’ TO SA
QUTPUT SA, 27 ; WRITE SA TO M 27]
LOAD SA, 79 ; LOAD 'y’ TO SA
QUTPUT SA, 28 ; WRI TE SA TO M 28]
; Signal processing done
DONE: LOAD SA, FF ; LOAD FF TO SA, signal done
QUTPUT SA FF ;WRITE FF TO M FF], wite, signal done

;Junp to end of program Suspend KCPSM
ADDRESS FE
WAI T: JUWP VA T

Thesourcecodefor thethird programis shavn below.

;Check if the data at Address 24 to 28 = "Hell o',

;1f yes, change the data at Address 29 to 2E ="' Henry’
; By Henry Fu

;(c) 2001 Washington University Applied Research Lab

ENABLE | NTERRUPT

;Check if there is new data packet in nmenory

I NIT: I NPUT  SA 03 ; LOAD M 03] TO SA
SUB SA, 00 ; COMPARE SA TO 00
JUWP Nz, CHK ; DATA | N MEMORY, PROCEED
LOAD SA, 00 ; NO DATA, LOAD 00 TO SA, no write, signal done
QUTPUT SA, FF ; WRITE 00 TO M FF], no wite, signal done
JUWP VAT ; WAL T
; Check the string "Hello in the payl oad
CHK: INPUT  SA 24 ; LOAD M 24] TO SA
SUB SA, 48 ; COMPARE SA TO ' H
JUuwP NZ, DONE : NOT EQUAL => NO CHANGE
INPUT  SA 25 ; LOAD M 25] TO SA
SUB SA, 65 ; COMPARE SA TO ' ¢’
JUWP Nz, DONE ; NOT EQUAL => NO CHANGE
I NPUT  SA 26 ; LOAD M 26] TO SA
SuUB SA, 6C ; COMPARE SA TO ' I’
JUWP NZ, DONE ; NOT EQUAL => NO CHANGE
I NPUT  SA 27 ; LOAD M 27] TO SA
SUB SA, 6C ; COMPARE SA TO ' I’
JUWP Nz, DONE ; NOT EQUAL => NO CHANGE
I NPUT  SA 28 ; LOAD M 28] TO SA
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SUB SA, 6F ; COMPARE SA TO ' o’
JUWP NZ, DONE ; NOT EQUAL => NO CHANGE

; Move ATMtrailer one word down in nenory to create
; space for the appended string ' Henry’

TRAIL: | NPUT  SA 33 ; LOAD M 33] TO SA
QUTPUT  SA, 37 ; WRI TE SA TO M 37]
I NPUT  SA 32 ; LOAD M 32] TO SA
QUTPUT SA, 36 ; WRI TE SA TO M 36]
I NPUT  SA 31 ; LOAD M 31] TO SA
QUTPUT  SA, 35 ; WRITE SA TO M 35]
INPUT  SA 30 ; LOAD M 30] TO SA
QUTPUT SA, 34 ; WRI TE SA TO M 34]
I NPUT  SA 2F ; LOAD M 2F] TO SA
QUTPUT  SA, 33 ; WRITE SA TO M 33]
INPUT  SA 2E ; LOAD M 2E] TO SA
QUTPUT  SA, 32 ; WRITE SA TO M 32]
I NPUT  SA 2D ; LOAD M 2D] TO SA
QUTPUT SA, 31 ; WRI TE SA TO M 31]
I NPUT  SA 2C ; LOAD M 2C] TO SA
QUTPUT  SA, 30 ; WRITE SA TO M 30]

; Append the string ' Henry' after the string 'Hello’
LOAD SA, 20 ;LOAD ' ' TO SA
QUTPUT  SA, 29 ; WRITE SA TO M 29]
LOAD SA, 48 ;LOAD 'H TO SA
QUTPUT  SA, 2A ; WRITE SA TO M 2A]
LOAD SA, 65 ; LOAD "e’ TO SA
QUTPUT SA, 2B ; WRI TE SA TO M 2B]
LOAD SA, 6E ; LOAD 'n’ TO SA
QUTPUT SA, 2C ; WRITE SA TO M 2(C]
LOAD SA, 72 ; LOAD 'r’ TO SA
QUTPUT  SA, 2D ; WRI TE SA TO M 2D]
LOAD SA, 79 ; LOAD 'y’ TO SA
QUTPUT SA, 2E ; WRI TE SA TO M 2E]
LOAD SA, 00 ; LOAD nul | character TO SA
QUTPUT  SA, 2F ; VR TE NULL TO M 2F]

; Update the I ength of the UDP packet
LOAD SA, 18 ; LOAD 0x18 TO SA
QUTPUT SA, 1D ; WRI TE SA TO M 1D0]
LOAD SA, 00 ; LOAD 0x00 TO SA
QUTPUT SA, 1C ;) WRITE SA TO M 1C]

; Signal processing done

DONE: LOAD SA, FF ; LOAD FF TO SA, signal done
QUTPUT SA FF ;WRITE FF TO M FF], wite, signal done

;Junp to end of program Suspend KCPSM
ADDRESS FE
WAI T: JUWP VAIT
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9 Implementation Results

Thecircuit to implementthe FPX KCPSM modulewassimulatedusingModelsim. Oncethe functionality
of thecircuit is verified, it wasthensynthesizedo a Xilinx XCV1000E-FG680-1singSynplicity Proand
Xilinx baclendsynthesidools.

9.1 VHDL Implementation

TheVHDL sourcecodeof the Interfacemoduleis shavn below.

-- $Id: interface.vhd,v 1.4 2001/08/13 21:01:14 hwfl Exp $

-- KCPSM I nterface

-- This interface parses a UDP datagram If it is a KCPSM i nstruction code,
-- stores it into the dual port programram 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 |EEE;

use | EEE.std |ogic_1164.all;

use | EEE. STD LOG C_ARI TH. al | ;

use | EEE. std_I| ogi c_unsi gned. al | ;

entity Interface is

port (
CLK : in std_logic; -- clock
Reset _| : in std_logic; -- reset
D MOD IN in std logic vector (31 dowto 0); -- data
DataEn_MOD I N in std_|ogic; -- data enabl e
SOF_MOD IN : in std_logic; -- start of frane
ECF MOD I N : in std_logic; -- end of frane
SOD MOD I N : in std_logic; -- start of datagram
TCA MOD I N . out std_|ogic; -- congestion control
D OUT_MD . out std logic vector (31 downto 0); -- data
Dat aEn_OUT_MOD : out std_l ogic; -- data enable
SOF_OUT_MOD : out std_logic; -- start of frane
EOF_OQUT_MOD . out std_|ogic; -- end of franme
SCD_QUT_MOD . out std_|ogic; -- start of datagram
TCA QUT_MOD . in std_|ogic; -- congestion control
KCPSM | NTERRUPT: out std_l ogi c; -- KCPSM I nt err upt

KCPSM READ STROBE : in std_l ogic;
KCPSM WRI TE_STROBE : in std_| ogic;
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KCPSM_PROG_BANK:
KCPSM _DATA_BANK:
KCPSM_PORT | D
KCPSM_OUTPUT

PROGRAM ADDRB
PROGRAM DI B
PROGRAM VEB
PROGRAM _ENB
PROGRAM DOB
DATARAM ADDRB
DATARAM DI B
DATARAM VEB
DATARAM _ENB
DATARAM DOB

end I nterface;

ar chi tecture behavi or of

out std_Il ogic;

out std_|l ogic_vector
in std_logic_vector
in std_|ogic_vector
out std_| ogic_vector
out std_|l ogic_vector
out std_Il ogic;

out std_| ogic;

in std_|ogic_vector

out std_|ogic_vector
out std_|l ogic_vector
out std_| ogic;
out std_Il ogic;

in std_|ogic_Vector

Interface is

(1 downto 0);
(7 downto 0);
(7 downto 0);

(7 downto 0);
(31 downto 0);

(31 downto 0);
(7 downto 0);
(31 downto 0);

(31 downto 0));

pram address |ine
pramdata in line
pramwite enable
pram chi p enabl e

pram data out |ine
dram address |ine
dramdata in line
dramwite enable
dram chi p enabl e

dram data out |ine

-- HEADER FI FO
conponent fifo_63x36
port (
din: INstd |ogic VECTOR(35 downto 0);
w _en: |IN std_| ogic;
w_clk: INstd_|ogic;
rd_en: IN std_|logic;
rd clk: INstd_|ogic;
ainit: INstd_|ogic;
dout: QUT std | ogic VECTOR(35 downto 0);
full: OQUT std_l ogic;

enpty: OUT std_| ogic);

end conponent;

conponent UDPEcho
port (

CLK
Reset _|
D MDD IN
Dat aEn_MOD I N
SOF_MOD_I N
EO-_MOD I N
SOD_MOD_I N
TCA MOD I N
D_OoUT_M2D

Dat aEn_OUT_MOD :

SOF_OUT_MD
EOF_OUT_MOD

in std_|ogic; -- clock
in std_|logic; -- synchronous reset, active |ow
in std_logic_vector (31 downto 0); -- cell data
in std_|logic; -- data enable
in std_|ogic; -- start of frane
in std_|ogic; -- end of frane
in std_|ogic; -- start of datagram
. out std_logic; -- congestion contro
: out std_logic_vector (31 downto 0); -- cell data
out std_Il ogic; -- data enable
out std_Il ogic; -- start of frane
out std_Il ogic; -- end of frane
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SCD_QUT_MOD . out std_|ogic; -- start of datagram
TCA OUT_MOD :in std_logic); -- congestion contro
end conponent ;

-- input buffer

signal data_in : std_logic_vector (31 downto 0); -- data input

signal dataen_in : std_l ogic; -- data enable

signal sof _in : std_|ogic; -- start of frane
signal eof in : std_|ogic; -- end of franme
signal sod_in : std_|logic; -- start of datagram

signal tca_out : std_logic;

signal data_ e : std_|logic_vector (31 dowmnto 0); -- data input

signal dataen_e : std_logic; -- data enable

signal sof e : std_|ogic; -- start of frane
signal eof e : std_|ogic; -- end of franme
signal sod e : std_|ogic; -- start of datagram

signal tca_e : std_logic;

signal data f : std_logic_vector (31 downto 0);
signal dataen_f : std_l ogic;

signal sof _f : std_logic;

signal eof f : std_|ogic;

signal sod f : std_|ogic;

-- final buffer

si gnal dataen_buf : std_logic;
signal sof buf : std_ |l ogic;
signal eof buf : std_Il ogic;
signal sod_buf : std_Il ogic;

signal dataen_int : std_|logic;
signal sof _int : std_l ogic;
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_l ogic;
signal sod_out : std_l ogic;

signal fifo_din2 : std_|ogic_vector (35 downto 0);
signal fifo_dout2 : std_logic_vector (35 downto 0);
signal ainit : std _Logic;

signal wr_en2 : std_| ogic;

signal rd_en2 : std_Logic;

signal full : std_logic;

signal enpty : std_logic;

signal kcpsmread_strobe_in : std_|ogic;
signal kcpsmwite strobe in : std_|ogic;
signal kcpsmport id in : std |logic vector (7 downto 0);
signal kcpsmoutput _in : std logic_vector (7 downto 0);

-- control signa

signal addr_count : unsigned (6 downto 0); -- pram address counter

si gnal bank_count : unsigned (0 downto 0); -- pram address bank counter
signal addrd_count : unsigned (5 downto 0); -- dram address counter (rd)
si gnal bankd_count : unsigned (1 downto 0); -- dram address bank counter
signal prog bank : unsigned (0 downto 0); -- KCPSM pram addr ess bank
signal data_bank : unsigned (1 downto 0); -- KCPSM dr am addr ess bank
signal addrd2 count : unsigned (5 downto 0); -- dram address counter (w)
si gnal bankd2_count : unsigned (1 downto 0); -- dram address bank counter

si gnal payl oad_count : unsigned (5 downto 0);
signal write_queue_count : unsigned (1 downto 0);
si gnal program queue_count : unsigned (0 downto 0);
signal enb : std_logic;

signal web : std_logic;

signal k_int2 : std_|l ogic;

signal enbd : std_l ogic;

signal enbd2 : std_|ogic;

signal webd : std_| ogic;

signal is_start : std_logic;

signal is_data : std_l ogic;

signal is_program: std_|l ogic;

signal is_nopayload : std_ | ogic;

signal wr_grant : std_logic;

signal wr_done : std_l ogic;

signal fifo2udp : std_l ogic;

signal ranfRudp : std_l ogic;

signal is_|loaded : std_|ogic;

signal is_reload : std_|ogic;
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type UDP2FI FO StateType is (ldle, UDP2FI FO Done, Done2); -- states
signal udp2fifo_state . UDP2FI FO St at eType; -- current udp2dpram state
signal nx_udp2fifo_state : UDP2FI FO StateType; -- next udp2dpram state

type CHK D | _StateType is (ldle, Req, Req2, CHK D I, Program Data,

Nopayl oad) ;
signal chk _d_i_state : CHK DI _StateType; -- current udp2dpram state
signal nx_chk d_i_state : CHK D | _ StateType; -- next udp2dpram state

type FI FO2RAM St ateType is (ldle, Start,
fifo2programreq, fifo2program udp,
fifo2programchk, fifo2program copy,
fifo2programgo, fifo2program go2,
fifo2dataram copy, fifo2dataram go,
fifo2dataram go2, fifopassthru,
fifopassthru_go, fifopassthru_go2);

signal fifo2ramstate . FIFO2RAM St at eType; -- current udp2dpram state

signal nx_fifo2ramstate : FI FO2RAM StateType; -- next udp2dpram state

type FIFQRUDP_StateType is (lIdle, Start, fifo2udp_copy,

fifo2udp_go, fifo2udp_go2);
signal fifo2udp_state : FIFO2UDP_St at eType; -- current udp2dpram state?2
signal nx_fifo2udp_state : FI FO2UDP_StateType; -- next udp2dpram state

type RAMPUDP_St ateType is (ldle, ranfudp_copy, ranRudp_copy2,
ranRudp_sof, ranRudp_i p_header,
ranRudp_i p_header 2, ranRudp_i p_header 3,
ranRudp_i p_header 4, ranRudp_i p_header5,
ranfudp_udp_header, ranRudp_udp_header 2,
ranfudp_payl oad, ranRudp_trail _copy,
ranfudp_trail _copy2, ranRudp_trailer,
ranRudp_trailer2, ranRudp_done);

signal ranRudp_state . RAMRUDP_St at eType; -- current udp2dpram state2
signal nx_ranRudp_state : RAMRUDP_StateType; -- next udp2dpram state
signal pv_ranRudp_state : RAMPUDP_StateType; -- previous udp2dpram state

-- reset KCPSM state nmachine after data wite



type RESET _KCPSM St ateType is (ldle, Check, K Gol, K Go2, NW Check, NW Gol,
NW Go2) ;

signal reset_kcpsmstate : RESET_KCPSM St at eType,;

signal nx_reset_kcpsmstate : RESET_KCPSM St at eType;

begin -- behavior

nyfifo : fifo_63x36 port map (

din => fifo_din2,
W _en => wr_enz2,
w_clk = clk
rd_en => rd_en2,
rd_clk = cl k,
ainit => ainit,
dout => fifo_dout?2,
full = full,
enpty => enpty);

nmyecho : udpecho port nmap (
CLK => cl k,
Reset | => Reset |,
D MDD IN => D MOD_IN
Dat aEn_ MOD I N => DataEn_MOD I N,
SOF_MOD_IN => SOF_MOD_I N,
EOF MOD I N => EOF_MOD_I N,
SOD_MOD_I N => SOD_MOD_IN
TCA MOD I N => TCA_MOD_I N,
D _QUT_MXD => dat a_e,
Dat aEn_OUT_MOD => dat aen_e,
SOF_OUT_MOD => sof e,
EOF_QUT_MOD => eof _e,
SCD_QUT_MOD => sod_ge,
TCA QUT_MOD => tca_e);

-- purpose: copy data on clock edge

-- type . sequentia
-- inputs : CLK, Reset |
-- outputs:

cl ock_copy: process (CLK, Reset |)

begin -- process clock _copy
if CLK event and CLK = "1'" then -- rising clock edge
-- reset
if Reset | ="'0" then
sof in <="'0";
el se
sof _in <= sof _g;
end if;

-- input buffer stage
data_in <= data_e;
dataen_in <= dataen_eg;
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 <= FI FO_DOUT2 (33);

eof f <= FI FO_DOUT2 (34);

sod_f <= FI FO_DOUT2 (35);

-- kcpsm buffer stage

kcpsm read_strobe_in <= KCPSM READ STROBE
kcpsmwite_strobe_ in <= KCPSM VWRI TE_STROBE
kcpsm port _id_in <= KCPSM PORT_I D
kcpsm out put _in <= KCPSM QUTPUT;

-- intermedi ate buffer stage
dat aen_i nt <= dat aen_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);
dat aen_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;
fifo2ramstate <= nx_fifo2ramstate;
fifo2udp state <= nx_fifo2udp_state;
ranudp_state <= nx_ranRudp_state;
pv_ranRudp_state <= ranfudp_state;

reset _kcpsmstate <= nx_reset_kcpsm state;

end if;
end process cl ock_copy;

-- purpose: statemachine to copy incoming data to fifo

-- type . conbi nati ona

-- inputs : udp2fifo_state, sof _in, eof in, Resetl

-- outputs: nx_udp2fifo_state, w_en2

udp2fifo_state_machine : process (Reset |, udp2fifo_state, sof _in, eof _in,
dataen_in, data_in)

variable tnp_state : udp2fifo_statetype;
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variable tnp_w _en2 : std_|ogic;
begin -- process udp2fifo_state_machine

-- default val ues
tnp_state : = udp2fifo_state;

tmp_w_en2 :="'0
if Reset | ='0" then
tnp_state := Idle;
el se
case udp2fifo_state is
when I dle => if sof _in ="1 then
tnp_state : = udp2fifo;
tnp_w_en2 :="1";
end if;

when udp2fifo => if eof _in ="1 then
tnp_state := Done;

end if;
tnp_w_en2 :="1";
when Done => if dataen_in = '1" and data_in(15) = '1" then
tnp_state : = Done2
end if;
tmp_w_en2 :="1";
when Done2 => if sof _in =1 then
tnp_state : = udp2fifo;
end if;
tmp_w_en2 :="1";
end case;
end if;

-- assign signals
nx_udp2fifo_state <= tnp_state;
W _en2 <= tnp_w_en2

end process udp2fifo_state nachine;

-- purpose: statenmachine to check if the inconing udp packet is data or inst
-- type : conbi nati ona
-- inputs : Reset |, chk _d_i_state, sof _in, sod_in, data_in, eof _in
-- outputs: nx _chk d i _state, is_data, is_program is_nopayl aod
chk_d_i _state_machine: process (Reset |, chk d_i_state, dataen_in,
sof _in, sod_in, data_in, eof_in)

variable tnp_state : CHK D |_StateType;
variable tnp_is start, tnp_is data, tnp_is_program: std_|ogic;
variable tnp_is _nopayload : std_logic;
begin -- process chk_d_i_state nachine
-- default val ues

tnp_state := chk _d i _state;
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tnp_is_data := is_data;

tnp_i s_program : = is_program
tnp_i s_nopayl oad : = is_nopayl oad;
tnp_is_start :="'0";
if Reset | = '0" then
tnp_state := Idle;
el se
case chk d i _state is
when Idle => if sof _in ="'1 then
tnp_state := Req;
end if;
when Req =>jif eof _in ='1 then
tnp_state : = NoPayl oad;
tnp_is_start :="1";
elsif sod in ='1 then
tnp_state : = Reqg2,
end if;
when Req2 =>if eof _in ='1 then
tnp_state : = NoPayl oad;
elsif dataen_in = '1 then
tnp_state := CHK D I;
end if;
tnp_is_start :="1";
when CHK D | => jf dataen_in ='1 and data_in = X'00000000" then
tnp_state := Program

elsif dataen_in = '1" and data_in = X'00000001" then
tnp_state := Data;

end if;
when Program => if eof _in =1 then
tnp_state := Idle;
end if;
tnp_is_program:="1";
tnp_is_data :="'0
tnp_is_nopayload := "0
when Dat a => if eof _in ="'1 then
tnp_state := Idle;
end if;
tnp_is_program:= "0’
tnp_is_data :="'1";
tnp_is_nopayload := "0
when NoPayl cad => tnp_state := ldle;
tnp_is_program:="'0";
tnp_is_data :="'0
tnp_is_nopayload :="'1";
end case;
end if;

-- assign signals
nx_chk _d i _state <= tnp_state;
is_start <= tnp_is_start;
is_program <= tnp_is_progran

is data <= tnp_is_data;

i s_nopayl oad <= tnp_i s_nopayl oad;
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end process chk_d_i _state_machi ne;

-- purpose: statenmmchine to copy incom ng udp packet into ram

-- type conbi nat i onal

-- inputs : Reset |, fifo2ramstate, is_start, is_program is_data,
- - dataen f, sof f, sod f, eof f

-- outputs: nx fifo2ramstate, rd_en2, enb, web, k_int,

enbd, webd, w _grant

fifo2ram state_ nachine:

variable tnp_state :

process (Reset |,
i S_program
sof f,

fifo2ramstate, is_start,
is _data, dataen_f,

sod_f, eof f, data_f)

FI FO2RAM St at eType;

variable tnp_rd _en2, tnp_w _grant : std_|l ogic;
variable tnp_enb, tnmp_web, tnp_enbd, tnp_webd, tnp_is_|loaded : std_Il ogic;
begin -- process fifo2ramstate_machine
-- default val ues
tnp_state := fifo2ramstate;
tnp_rd_en2 :="'0";
tnp_enb :="'0";
tnp_web :="1";
tnp_enbd :='0";
tnp_webd :="'1";
tnmp_wr_grant :="'0";
tnp_is_|l oaded :='0";
if Reset | = '0" then
tnp_state := Idle;
el se
case fifo2ramstate is
when Idle = if is_start ='1 then
tnp_state := Start,;
tnp_rd_en2 :="1";
end if;
when Start =>if is_program= "1 and sof _f ="'1" then
tnp_state := fifo2programreq;
elsif is data =1 and sof f =1 then
tnp_state : = fifo2dataram copy;
tnp_enbd :="1";
tnp_webd :='0";
elsif is_nopayload = '1" and sof _f ="'1
tnp_state : = fifopassthru;
el se
tnp_w _grant :="1";
end if;
tnp_rd_en2 :="1";
when fifo2programreq = if sod f ='1" then
tnp_state := fifo2program udp;
end if;

25

t hen



when

when

when

when

when

when

when

when

when

when

fifo2program udp

fifo2program chk

fifo2program copy

fifo2programgo

fifo2program go2

fifo2dat aram copy

fifo2dataram go

fifo2dat aram go2

fifopassthru

fifopassthru_go

=>

=>

=>

tnp_rd_en2 :="1";
if dataen_f ="'1" then
tnp_state := fifo2program chk;
end if;
tnp_rd_en2 :="1";
if dataen_ f ='1" then
tnp_state := fifo2program copy;
end if;
tnp_rd_en2 :="1";
if eof f =1 then
tnp_state := fifo2program go;
end if;
if dataen_f ="'1" then
tnp_enb :="1";
tnp_web :='0";
end if;
tnp_rd_en2 :="1";
if dataen_f = '1" and data_f(15)
tnp_state := fifo2program go2;
end if;
tnp_rd_en2 :="1";
if dataen_ f = '1" then
tnp_state := Start;
tnp_is_loaded := "1";
end if;
tnp_rd_en2 :="1";
if eof f =1 then
tnp_state := fifo2dataram go;
end if;
if dataen_f ="'1" then
tnp_enbd :='1";
tnp_webd :='0’
end if;
tnp_rd_en2 :="1";
if dataen_f = '1" and data_f(15)
tnp_state := fifo2dataram go2
end if;
if dataen_ f ='1" then
tnp_enbd :="1";
tnp_webd :="'0’
end if;
tnp_rd_en2 :="1";
if dataen_ f = '1" then
tnp_state := Start;
tnp_enbd :="1";
tnp_webd :="'0
end if;
tnp_rd_en2 :="1";
if eof f =1 then
tnp_state := fifopassthru_go;
end if;
tnp_rd_en2 :="1";
if dataen f = '1'" and data f(15)
tnp_state := fifopassthru_goz;
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end if;
tnp_rd_en2 :="1";
when fifopassthru_go2 => if dataen_f 1" then
tnp_state := Start,;
end if;
tnp_rd_en2 :

1
end case;
end if;

-- assign signals
nx_fifo2ramstate <= tnp_state;
rd_en2 <= tnp_rd_enz,;

enb <= tnp_enb;

web <= tnp_web;

enbd <= tnp_enhbd;

webd <= tnp_webd;

w_grant <= tnp_wr_grant;
is_loaded <= tnp_is_| oaded;

end process fifo2ram state_ nachine;

-- purpose: control address counter

-- type : sequenti al

-- inputs : dk, Reset_|

-- outputs: addr_count, bank count, addrd _count, bankd count,

addr _count _control : process (Ok, Reset_l)

begin -- process addr_count_contro

if CLK event and CLK = "1’ then

if Reset | ='0" then
bank_count <= "1"; -- don’t overwite programinitial content
bankd count <= "00"; -- don't overwite data initial content

addr _count <= "0000000";
addrd_count <= "000000"

el se
case fifo2ramstate is
when Start => if is_ data ='1 and sof _f ="'1" then
addrd_count <= addrd _count + 1;
end if;
when fifo2programcopy=> 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 ot hers => nul |
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end case;
end if;
end if;

end process addr_count _control;

-- purpose: statemachine to reset KCPSM after a data wite

-- type : conbi nati onal

-- inputs : Reset |, reset_kcpsmstate, kcpsmwite strobe_in,

-- kcpsmwite strobe in, bankd count, data_ bank,

-- pr ogr am queue_count

-- outputs: nx_reset_kcpsmstate, k_int2, data_bank

reset _kcpsm state machine: process (Reset |, reset_kcpsmstate, bankd _count,
kcpsmwite strobe in, kcpsmport id in,
kcpsm out put _in,
dat a_bank, program queue_count)

variable tnp_state : RESET_KCPSM St at eType;
variable tnmp_k int2, tnp_is reload : std_|ogic;

begin -- process reset_kcpsm state_machi ne

-- default val ues

tnp_state : = reset_kcpsm state;
tnmp_k _int2 :="'0";
tnp_is_reload :="'0";
if Reset | ='0" then

tnp_state := Idle;
el se

case reset_kcpsmstate is

when | dle => if kcpsmwite strobe in ="1" and

kcpsmport _id_in = "11111111" then

if kcpsmoutput _in = "11111111" then
tnp_state : = Check;

el sif kcpsm output_in = "00000000" then
tnp_state : = NW Check;

end if;
end if;
when Check => if data_bank + 1 /= bankd_count then
tnp_state := K Gol,;
end if;

when NW Check => |f data_bank /= bankd _count then
tnp_state : = NW Gol,;

end if;
when K Gol => tnp_state := K Go2;
tnmp_k _int2 :="1";
tnp_is_reload := "1";
when K _Go2 => tnp_state := I1dle;
tnmp_k int2 :="1";
when NW Gol => tnp_state := NW Goz2;
tnmp_k int2 :="1";
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tnp_is_reload := "1";
when NW Go2 => tnp_state := I1dle;
tmp_k_int2 :="1";
end case;
end if;

-- assign signals

nx_reset _kcpsmstate <= tnp_state;
k_int2 <= tnp_k_int2;

is reload <= tnp_is_rel oad;

end process reset_kcpsm st ate_nachi ne;

-- purpose: logic to update the KCPSM pram dram address bank counter
-- type : conbinati ona

-- inputs : Reset |, dKk

-- outputs: data_bank

kcpsm addr _count _control: process (Ok, Reset I|)
begin -- process wite_queue_count_contro

if CLK event and CLK = '1' then
if Reset | ="'0" then
prog_bank <= "0";
dat a_bank <= "00";
el se
case reset_kcpsmstate is
when K Gol => dat a_bank <= data_bank + 1
prog_bank <= prog bank + program queue_count;
when NW Gol => prog_bank <= prog_bank + program queue_count;
when ot hers => nul | ;
end case;
end if;
end if;
end process kcpsm addr_count control

-- purpose: logic to update the program queue count
-- type : conbi nati ona

-- inputs : Reset |, dKk

-- outputs: program queue_count

program queue_count _control: process (dk, Reset |)
begin -- process program queue_count_contro

if CLK event and CLK = "1’ then
if Reset | ="'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 wite queue count
-- type : conbi nati ona

-- inputs : Reset_|, dk

-- outputs: wite_queue_count

write _queue_count_control: process (dk, Reset |)
begin -- process wite_queue_count_contro

if CLK event and CLK = "1’ then
if Reset | ='0" then
write_queue_count <= "00"
el sif kcpsmwite strobe in ='1" and kcpsmport_id_in = "11111111" then
if kcpsmoutput_in = "11111111" then
wite queue _count <= write_queue_count + 1

end if;
elsif w_done = '1'" then
wite_queue_count <= wite_queue_count - 1;
end if;
end if;

end process wite_queue_count_control

-- purpose: statenmachine to copy data fromfifo to udp packet
-- type . conbi nati ona
-- inputs : Reset |, fifo2udp_state, is _start, is_program sof f, eof f
-- outputs: nx_fifo2udp state
fifo2udp_state nmachine: process (Reset |, fifo2udp state, is_start,
is _program sof f, eof f, dataen_f, data f)

variable tnp_state : FI FORUDP_St at eType
variable tnmp_fifo2udp : std_l ogic;

begin -- process fifo2udp_state_machine

-- default val ues
tnp_state := fifo2udp_state;

tnmp_fifo2udp :="'0";
if Reset | = '0" then
tnp_state := Idle;
el se
case fifo2udp_state is
when | dle => if is_start ='1" then
tnp_state := Start,;
end if;
when Start => if is program="1 and sof f =1 then
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tnp_state := fifo2udp_copy;

tnp_fifol2udp :="1";
elsif is_nopayload = '1' and sof _f = '1" then
tnp_state : = fifo2udp_copy;
tnmp_fifo2udp :="'1";
end if;
when fifo2udp_copy =>if eof _f ='1" then
tnp_state : = fifo2udp_go;
end if;
tnmp_fifo2udp :="'1";
when fifo2udp_go => if dataen_f ='1 and data f(15) = '1" then
tnp_state := fifo2udp_go2;
end if;
tnp_fifol2udp :="1";
when fifo2udp_go2 => tnp_state := Start;
tnmp_fifo2udp :="'1";
end case;
end if;

-- assign signals
nx_fifo2udp_state <= tnp_state;
fifo2udp <= tnp_fifo2udp

end process fifo2udp_state_nachine;

-- purpose: statenmmchine to copy data fromramto udp packet

-- type : conbi nati ona

-- inputs : Reset |, ranRudp_state, is_start, KCPSM WRI TE_STROBE

- - KCPSM PORT_I D, w _grant, payload _count, data_out

-- outputs: nx_ranRudp_state, ranRudp

ranfudp_state_nmachi ne: process (Reset |, ranRudp_state, pv_ranRudp_state,
write_queue_count,
wr_grant, payload_count, data_out)

variable tnp_state : RAM2UDP_St at eType;
vari able tnp_ranRudp, tnp_w _done, tnp_enbd : std | ogic;
vari abl e tnp_dat aen_buf, tnp_sof buf, tnp_eof buf, tnp_sod_buf : std_logic;

begin -- process ranRudp_state_ nachi ne

-- default val ues
tnp_state : = ranRudp_state;
tnp_ranRudp := '0;
tnp_wr_done :='0";
tnp_enbd :="'0
t np_dat aen_buf
t np_sof _buf
t np_eof _buf
t np_sod_buf

nonon
cool

if Reset | = '0" then
tnp_state := Idle;
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elsif w_grant = "1 then
case ranRudp_state is

when | dl e =>
when ranfudp_sof =>
when ranRudp_i p_header =>
when ranRudp_i p_header2 =>
when ranRudp_i p_header3 =>
when ranRudp_i p_header4 =>
when ranRudp_i p_header5 =>
when ranRudp_udp_header =>
when ranRudp_copy =>
when ranRudp_copy?2 =>

when ranRudp_udp_header 2=>

if std_|logic_

"00" then
tnp_state :
end if;
tnp_state :
tnp_enbd : ="
t np_sof _buf
t np_ranRudp :
tnp_state :
t np_enbd :
t np_dat aen_bu
t np_r anfudp :
tnp_state :
t np_enbd
t np_dat aen_bu
t np_r anfudp :
tnp_state :
t np_enbd
t np_dat aen_bu
t np_ranudp :
tnp_state :
t np_enbd :
t np_dat aen_bu
t np_ranudp :
tnp_state :
t np_enbd :
t np_dat aen_bu
t np_r anRudp
tnp_state :
t np_enbd
t np_dat aen_bu
t np_sod_buf
t np_r anRudp :
tnp_state :
t np_enbd
t np_ranudp :
i f pv_ranudp
tnp_state
el se
tnp_state :
end if;
t np_enbd :
t np_r anRudp
i f pv_ranudp
data lin
check if
i f data_out
tnp_state
el se

tnp_state :

end if;

t np_dat aen_
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el se

tnp_state := ranRudp_copy;
end if;
tnp_enbd :='1";
tnp_ranRudp :='1";
when ranRudp_payl oad => if std_|ogic_vector (payload count) =

"000011" then
tnp_state := ranRudp_trail _copy;

tnp_eof buf :="'1";
end if;
tnp_enbd :='1";
t np_dataen_buf :="1";
tnp_ranRudp :="1";
when ranRudp_trail _copy => tnp_state := ranRudp_trail _copy2;
tnp_enbd :="'1";
tnp_ranRudp :='1";

when ranRudp_trail _copy2=> if pv_ranRudp_state = ranRudp_trail _copy then
tnp_state := ranRudp_trailer;

el se
tnp_state := ranRudp_trail _copy;
end if;
tnp_enbd :='1";
tnp_ranRudp :="'1";
when ranRudp_trailer => if pv_ranRudp_state=ranRudp_trail _copy2 then

if data_out (15) ='1" then
tnp_state := ranRudp_trailer2
el se
tnp_state : = ranRudp_trail _copy;
end if;
tnp_dat aen_buf :="1";
el se
tnp_state := ranRudp_trail _copy;
end if;
tnp_enbd :="1";
tnp_ranRudp :="1";
when ranRudp_trailer2 => tnp_state := ranRudp_done;
tnp_enbd :='1";
tnp_dataen_buf :="'1";
tnp_ranRudp :="1";
when ranRudp_done => tnp_state := I1dle;
tnp_wr_done :="'1";
end case;
end if;

-- assign signals
nx_ranPudp_state <= tnp_state;
ranudp <= tnp_ranRudp;
w_done <= tnp_wr_done;

enbd2 <= tnp_enbd;

dat aen_buf <= tnp_dat aen_buf;
sof _buf <= tnp_sof buf;

eof buf <= tnmp_eof buf;
sod_buf <= tnp_sod_buf;
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end process ranRudp_state_machi ne;

-- purpose: control wite output address counter
-- type . sequentia

-- inputs : dk, Reset |

-- outputs: addrd2_count, bankd2_count,

addr2_count _control : process (Ck, Reset_l|)
begin -- process addr2_count_contro

if CLK event and CLK = '1' then
if Reset | ="'0" then
bankd2 count <= "00";
addrd2_count <= "000000"

elsif w _grant = 1" then
case ranRudp_state is
when ranRudp_sof => addrd2_count <= addrd2 count + 1;
when ranRudp_i p_header => addrd2_count <= addrd2_count + 1;
when ranRudp_i p_header2 => addrd2_count <= addrd2_count + 1;
when ranRudp_i p_header3 => addrd2_count <= addrd2_count + 1;
when ranRudp_i p_header4 => addrd2_count <= addrd2_count + 1;
when ranRudp_i p_header5 => addrd2_count <= addrd2_count + 1;
when ranRudp_udp_header => addrd2_count <= addrd2_count + 1;

when ranRudp_udp _header2 => if pv_ranRudp_state = ranRudp_copy2 then
addrd2_count <= addrd2 _count + 1;
payl oad_count <=
unsi gned (data_out (23 downto 18));

end if;
when ranRudp_payl oad => addrd2_count <= addrd2 count + 1;
payl oad_count <= payl oad_count - 1;
when ranRudp_trailer => addrd2_count <= addrd2 count + 1;
when ranRudp_trailer2 => addrd2_count <= addrd2_count + 1;
when ranRudp_done => addrd2_count <= "000000"
bankd2 count <= bankd2_count + 1;
when ot hers => nul |
end case;
end if;
end if;

end process addr2_count _control

PROGRAM ADDRB (6 downto 0) <= std_logic_vector (addr_count);
PROGRAM ADDRB (7 downto 7) <= std_|ogic_vector (bank count);
DATARAM ADDRB (5 downto 0) <= std_|ogic _vector (addrd_count)
when ranRudp = ' 0’ el se
std_l ogi c_vector (addrd2_count);
DATARAM ADDRB (7 downto 6) <= std_l| ogic_vector (bankd_count)
when ranRudp = ' 0’ el se
std | ogi c_vector (bankd2 count);
KCPSM PROG BANK <= std_| ogic (prog_bank(0));
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KCPSM DATA BANK <= std_| ogi c_vector (data_ bank);

FIFO DIN2 (31 dowto 0) <= data_in;

FIFO DIN2 (32) <= dataen_in;

FIFO DIN2 (33) <= sof _in;

FI FO DIN2 (34) <= eof _in;

FIFO DIN2 (35) <= sod_in;

PROGRAM DI B <= data_f;

DATARAM DI B (31 downto 24) <= data_f (7 downto 0);
DATARAM DI B (23 downto 16) <= data_f (15 downto 8);
DATARAM DI B (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 VEEB <= web;

DATARAM ENB <= enbd when ranRudp = 'O’ el se enbd2;
DATARAM WEB <= webd;

KCPSM | NTERRUPT <= k_j nt 2;

D ouT_MOD <= data_f when fifo2udp = '1" else data_out;

Dat aEn_ OQUT_MXD <= dataen_f when fifo2udp = '1' el se dataen_out;
SOF_OUT_MOD <= sof _f when fifo2udp "1 el se sof out;
ECF_OUT_MXD <= eof _f when fifo2udp "1 el se eof out;
SOD_OUT_MOD <= sod_f when fifo2udp "1 else sod _out;

tca_e <= tca_out;
ainit <= not(reset _|);

end behavi or;

TheVHDL sourcecodeof the UDPEchomoduleis shavn below.

-- $ld: udpecho.vhd,v 1.4 2001/08/07 21:45:14 hwfl Exp $

-- KCPSM I nterface

-- This interface parses a UDP datagram |If it is a KCPSMinstruction code,
-- stores it into the dual port programram 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 nodul e changes src/dest ip-address and port of a UDP datagram

i brary | EEE;
use | EEE. std | ogic_1164.all;

entity UDPEcho is

port (
CLK in std_logic; -- clock
Reset | in std_|logic; -- synchronous reset, active | ow
D MOD IN in std logic_vector (31 downto 0); -- cell data
Dat aEn_MOD I N in std_|ogic; -- data enable
SOF_ MOD IN in std_|ogic; -- start of frane
ECF MOD I N in std_|logic; -- end of frane
SOD MOD I'N : in std_logic; -- start of datagram
TCA MOD I N . out std_|ogic; -- congestion contro
D OUT_MD . out std logic vector (31 downto 0); -- cell data
Dat aEn_QUT_MOD : out std_| ogic; -- data enable
SOF_ OUT_MOD : out std_logic; -- start of frane
ECF QUT_MOD : out std_logic; -- end of frane
SOD_OUT_MOD : out std_logic; -- start of datagram
TCA QUT_MOD ;. in std_logic); -- congestion contro
end UDPEcho;

ar chi tecture behavi or of UDPEcho is

signal data_in . std_logic_vector (31 downto 0); -- cell data
signal dataen_in : std_|ogic; -- data enable

signal sof in . std_l ogic; -- start of frane

signal eof _in : std_l ogic; -- end of frame

signal sod_in : std_Il ogic; -- start of datagram

signal data_pv : std_logic_vector (31 downto 0); -- cell data
signal dataen_pv : std_l ogic; -- data enable

signal sof pv . std_l ogic; -- start of frane

si gnal eof pv . std_l ogic; -- end of frane

signal sod_pv . std_l ogic; -- start of datagram

si gnal data_nx . std_logic_vector (31 downto 0); -- cell data
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signal dataen_nx : std_| ogic; -- data enable

si gnal sof _nx : std_l ogic; -- start of frane
si gnal eof _nx : std_Il ogic; -- end of frane
signal sod_nx . std_l ogic; -- start of datagram

si gnal data_out : std_logic_vector (31 downto 0); -- cell data
signal dataen_out : std_logic; -- data enable

signal sof out . std_l ogic; -- start of frane

si gnal eof out : std_Il ogic; -- end of frane

si gnal sod_out : std_Il ogic; -- start of datagram

type StateType is (ldle, IPHdr1, 1PHdr2, 1PHdAr3, SrclPAddr, Destl| PAddr
UDPPort); -- states
signal state, nx_state : StateType; -- current and new state

-- purpose: copy signals on clock edge

-- type . sequenti al
-- inputs : CLK, Res,
-- outputs:

cl ock_copy: process (CLK)
begin -- process clock _copy

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

-- previous buffer

data_pv <= D MOD I N,

dat aen_pv <= DataEn_MOD I N;
sof _pv <= SOF_MOD IN;

eof _pv <= EOF_MOD IN;
sod_pv <= SOD MDD IN;

-- input buffer
data_in <= data_pv;

dat aen_i n <= dataen_pv;
sof _in <= sof pv;

eof _in <= eof pv;
sod_in <= sod_pv;

-- next buffer

data_nx <= data_in;

dat aen_nx <= dataen_in;
sof _nx <= sof _in;

eof _nx <= eof in;
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sod_nx <= sod_in;

-- statennchine
state <= nx_state;

end if;

end process clock_copy;

-- purpose: state nmachine

-- type : conbi nati ona

-- inputs : Reset |, state, sof_in
-- outputs: nx_state

state_nachi ne: process (Reset |, state, sof _in, dataen_in,
eof _in, sod_in, data in)
variable tnp_state : StateType; -- new state
variable tnp_data : std_logic_vector (31 downto 0);
begin -- process state_machine

-- default value
tnp_state := state;

tnp_dat a = data_in;
if Reset | = '0" then
tnp_state := Idle;
el se
case state is
when I dle => if sof _in ="1 then
tnp_state := | PHdr 1;
end if;
when | PHdr 1 => tnp_state := | PHdr2;
when | PHdr 2 => tnp_state := | PHdr3;
when | PHdr 3 => tnp_state := Srcl PAddr;
when Srcl PAddr => tnp_state := Destl| PAddr;
tnp_data := data_pv;
when Dest| PAddr => tnp_state := UDPPort;
tnp_dat a = data_nx;
when UDPPor t => if sod_in ="'1" then
tnp_data (31 downto 16) := data_in (15 downto 0);
tnp_data (15 downto 0) = data_in (31 downto 16);
end if;
tnp_state := Idle;
end case;
end if;
-- set state

nx_state <= tnp_state;
dat a_out <= tnp_dat a;
dat aen_out <= dataen_in;

sof out <= sof in;
eof out <= eof in;
sod_out <= sod_in;
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end process state_machine;

D OUT_MOD <= data_out;

Dat aEn_QOUT_MOD <= dat aen_out;
SOF_OUT_MOD <= sof out;

EOF _QUT_MXD <= eof out;

SOD _OUT_MID <= sod_out;

TCA MOD IN <= TCA OUT_MOD;

end behavi or;

TheVHDL sourcecodeof the FPX KCPSMmoduleis shavn below.

-- $1d: nodule.vhd,v 1.5 2001/08/14 04:29:16 hwfl Exp $

-- KCPSM I nterface

-- This interface parses a UDP datagram If it is a KCPSM i nstruction code,
-- stores it into the dual port programram 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 nodul e
library |EEE;

use | EEE.std |ogic_1164.all;

i brary FPXLI B;

use FPXLI B. UDPProcessor. al | ;

ENTITY InterfaceMbdule IS

PORT (
-- Cock & Reset
clk : in STD_LGG G -- 100MHz gl obal clock
reset | : in STD LCG C, -- Synchronous reset, asserted-|ow

-- Enabl e & Ready
-- Handshake for nodul e reconfiguration.

enable | : in STD LCGA C -- Asserted | ow

ready_| : out STD LQQ C; -- Asserted | ow

-- Cell Input Interface

soc_nod_in . in STD LOA G -- Start of cell
d nod_in :in STD LOA C VECTOR(31 downto 0); -- 32-bit data
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tca_nod in : out STD LOA G -- Transmt cell available

-- Cell Qutput Interface

soc_out _nod : out STD LOA G -- Start of cell
d_out nod : out STD LOG C VECTOR(31 downto 0); -- 32-bit data
tca_out _nod . in STD LOA G

-- Test Data Qut put
test _data : out STD LOG C VECTOR(31 downto 0));

end | nterfacehdul e;
architecture struc of InterfaceMddule is

conponent udpwr apper

port (

CLK . in std_|ogic; -- clock
Reset _| : in std_logic; -- reset
Enabl e_| : in std_logic; -- enable
Ready | . out std_|ogic; -- ready
SOCC MOD IN . in std_|ogic; -- start of cell
D MOD IN . in std logic vector (31 downto 0); -- data
TCA MOD I N : out std_logic; -- transmit cell available
D _QUT_APPL : out std_logic _vector (31 downto 0); -- data to appl
Dat aEn_QOUT_APPL : out std_Il ogic; -- data enable
SOF_QUT_APPL . out std_|ogic; -- start of frane
EOF_QUT_APPL . out std_|ogic; -- end of frane
SOD _OUT_APPL : out std_logic; -- start of datagram
TCA QOUT_APPL : in std_logic; -- congestion control
D APPL_IN in std_logic_vector (31 downto 0); -- data from appl
Dat aEn_APPL_I N in std_|ogic; -- data enable
SOF_APPL_IN in std_|ogic; -- start of frane
EOF_APPL_IN in std_|ogic; -- end of frane
SCD _APPL_I N : in std_logic; -- start of datagram
TCA APPL_IN : out std_logic; -- congestion control
SOC_QUT_MoD . out std_|ogic; -- start of cell
D OUT_MXD : out std logic vector (31 downto 0); -- data
TCA QUT_MOD : in std_logic); -- transmt cell available

end conponent ;

-- Interface

conponent Interface

port (

CLK : in std_logic; -- clock
Reset | . in std_|ogic; -- reset
D MOD IN in std logic_vector (31 dowto 0); -- data
DataEn_ MOD IN : in std_logic; -- data enable
SOF MOD I N : in std_logic; -- start of frane
EOF_ MOD I N in std_|ogic; -- end of franme
SCD MOD IN in std_|ogic; -- start of datagram
TCA MOD I N . out std_|ogic; -- congestion control
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D _OUT_MD : out std_logic_vector (31 downto 0); -- data

Dat aEn_OQUT_MOD : out std_l ogic; -- data enable
SOF_QUT_MOD . out std_|ogic; -- start of frane
EOF_OQUT_MOD . out std_|ogic; -- end of franme
SCD_QUT_MOD . out std_|ogic; -- start of datagram
TCA OQUT_MOD : in std_logic; -- congestion contro
KCPSM | NTERRUPT: out std_l ogi c; -- KCPSM I nt err upt
KCPSM READ STROBE : in std_|ogic; -- KCPSM read strobe
KCPSM WRI TE_STROBE : in std_| ogic;

KCPSM PROG BANK: out std_l ogic; -- 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_QUTPUT : in std logic vector (7 downto 0);

PROGRAM ADDRB : out std |ogic _vector (7 dowmnto 0); -- dpram address |ine
PROGRAM DI B : out std_logic_vector (31 dowmnto 0); -- dpramdata in line
PROGRAM VEB : out std_logic; -- dpramwite enable
PROGRAM _ENB . out std_|ogic; -- dpram chi p enabl e
PROGRAM _DOB : in std logic vector (31 dowmnto 0); -- dpram dataout |ine
DATARAM ADDRB : out std_logic_vector (7 downto 0);

DATARAM DI B : out std_logic_vector (31 downto 0);

DATARAM V\EB . out std_logic;

DATARAM ENB . out std_|ogic;

DATARAM DOB . in std logic vector (31 downto 0));

end conponent ;

-- KCPSM
conponent kcpsm port
( ADDR : out std_logic vector(7 dowmnto 0);
I : in std_logic_vector(15 downto 0);
| NPUT : in std_logic vector(7 dowmto 0);
QUTPUT : out std logic vector(7 dowmnto 0);
PORT_ID : out std logic vector(7 dowmto 0);

READ_STROBE : out std_| ogic;

WRI TE_STROBE : out std_|l ogic;

| NTERRUPT :in std_logic;

CLK ;. in std_logic);
end conponent;

conponent program
port (
addra: IN std_|ogic_ VECTOR(8 downto 0);
clka: IN std_| ogic;
addrb: IN std |l ogic VECTOR(7 downto 0);
clkb: IN std_| ogic;
dia: INstd |ogic VECTOR(15 downto 0);
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wea: | N std | ogic;

dib: IN std_|ogic_ VECTOR(31 downto 0);
web: IN std_| ogic;

ena: IN std_|ogic;

enb: IN std | ogic;

rsta: IN std_ | ogic;

rstb: I N std_| ogic;

doa: OUT std_Ilogic_VECTOR(15 downto 0);
dob: OUT std_Il ogic_VECTOR(31 downto 0));

end conponent;

conponent dat aram
port (
addra: IN std |logic VECTOR(9 downto 0);
clka: IN std_| ogic;
addrb: IN std_|logic VECTOR(7 downto 0);
clkb: IN std_| ogic;
dia: INstd |ogic VECTOR(7 downto 0);
wea: | N std | ogic;
dib: IN std_|ogic_VECTOR(31 downto 0);
web: I N std_| ogic;
ena: I N std_| ogic;
enb: IN std | ogic;
rsta: IN std_ | ogic;
rstb: IN std_l ogic;
doa: OUT std_logic_VECTOR(7 downto 0);
dob: OUT std_Il ogi c_VECTOR(31 downto 0));
end conponent;

-- signals kcpsm - dpram

signal addra : std |ogic _vector (8 downto 0);

signal clka : std_logic;
signal dia : std_logic_vector (15 downto 0);
si gnal wea : std_Il ogic;
signal ena : std_Il ogic;
signal rsta : std_logic;
si gnal doa : std_logic_vector (15 downto 0);

signal addrb : std |ogic _vector (7 downto 0);
signal clkb : std_|ogic;

signal dib : std_logic_vector (31 downto 0);
si gnal web : std_Il ogic;
signal enb : std_l ogic;
signal rstb : std_|ogic;
si gnal dob : std_logic_vector (31 downto 0);
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-- signals kcpsm - dataram

signal addrad : std |ogic _vector (9 downto 0);

signal clkad : std_|ogic;
signal diad : std_logic_vector (7 downto 0);
si gnal wead : std_Il ogic;
signal enad : std_Il ogic;
signal rstad : std_|ogic;
si gnal doad . std _logic_vector (7 dowmnto 0);

signal addrbd : std |ogic _vector (7 downto 0);
signal clkbd : std_|ogic;

signal dibd : std_logic_vector (31 downto 0);
si gnal webd : std_Il ogic;
signal enbd : std_logic;
signal rstbd : std_|ogic;
si gnal dobd : std_logic vector (31 downto 0);

signal interrupt : std_logic;
signal read_strobe : std_l ogic;
signal nwead : std_|ogic;

-- signal s udpproc - udpecho

signal data u2h : std logic _vector (31 dowmnto 0); -- data

si gnal dataen_u2h : std_logic; -- data enable
signal sof _u2h : std_| ogic; -- start of frane
signal eof u2h : std_I ogic; -- end of frane
signal sod_u2h : std_l ogic; -- start of payl oad
signal tca_u2h : std_logic; -- congestion contro

-- signals hellobob - udpproc

signal data _h2u : std_logic_vector (31 dowmnto 0); -- data

signal dataen_h2u : std_logic; -- data enable
signal sof _h2u : std_l ogic; -- start of frane
signal eof h2u : std_l ogic; -- end of frane
signal sod_h2u : std_l ogic; -- start of payl oad
signal tca_h2u : std_l ogic; -- congestion contro

upw : UDPW apper port nap (
CLK => CLK,
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KCPSM_READ_STROBE

Reset | => reset |,
Enabl e_| => enable_I,
Ready_| => ready_|,
SOC_ MDD IN => SOC MOD I N
D MDD IN => D MOD_I N,
TCA MDD IN => TCA_MXD_IN,
SOC QUT_MOD => SOC_QOUT_MOD
D QUT_MAD => D QUT_MID, -- open
TCA QUT_MOD => TCA OUT_MID
D_OUT_APPL => data_u2h
Dat aEn_OUT_APPL => dat aen_u2h
SOF_OUT_APPL => sof u2h
EO-_OUT_APPL => eof _u2h
SOD_OUT_APPL => sod_u2h
TCA _QUT_APPL => tca_uz2h
D APPL_IN => data_h2u
Dat aEn_APPL_I N => dataen_h2u,
SOF_APPL_IN => sof _h2u,
EO-_APPL_I N => eof _h2u
SOD_APPL_I'N => sod_h2u,
TCA _APPL_IN => tca_h2u);

-- Interface

i nter Interface port map (
CLK => CLK,
Reset _| => reset |,
D MOD IN => data_u2h
DataEn_MOD I N => dat aen_uZ2h,
SOF_MOD_I N => sof _u2h
EO-_MOD I N => eof _u2h
SOD_MOD_I N => sod_uz2h,
TCA MOD I N => tca_u2h,
D QUT_MOD => data_h2u,
Dat aEn_OUT_MOD => dat aen_h2u,
SOF_QOUT_MOD => sof _h2u,
EO-_OUT_MOD => eof _h2u
SOD_OUT_MOD => sod_h2u
TCA OUT_MOD => tca_h2u
KCPSM | NTERRUPT=> i nt err upt,

=> read_strobe,

KCPSM VRl TE_STROBE => nwead,

KCPSM_PROG_BANK=>
KCPSM _DATA_BANK=>

KCPSM PORT ID =>
KCPSM OUTPUT  =>
PROGRAM ADDRB  =>
PROGRAM DIB  =>
PROGRAM WVEB ~ =>
PROGRAM ENB  =>
PROGRAM DOB  =>
DATARAM ADDRB  =>
DATARAM DIB  =>

addr a(8),

addrad(9 downto 8),
addrad(7 downto 0),
di ad,

addr b,

di b,

web,

enb,

dob,

addr bd,

di bd,
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DATARAM VEB => webd,
DATARAM ENB => enbd,
DATARAM DOB => dobd)

- - DPRAM

nyprogram : program port map (
addr a => addr a,
cl ka => cl ka,
addrb => addrb
cl kb => cl kb,
di a => di a,
wea => wea,
dib => di b,
web => web,
ena => ena,
enb => enb,
rsta => rsta,
rstb => rsthbh,
doa => doa,
dob => dob);

- - DATARAM

nydataram : dataram port nmap (
addr a => addr ad,
cl ka => cl kad,
addr b => addr bd,
cl kb => cl kbd,
di a => di ad,
wea => wead,
dib => di bd,
web => webd,
ena => enad,
enb => enbd,
rsta => rstad,
rstb => r st bd,
doa => doad,
dob => dobd);

- - KCPSM

cpu : kcpsmport map (
addr => addra(7 downto 0),
i => doa,
i nput => doad,
out put => di ad,
port _id => addrad(7 downto 0),

=>
=>
=>

read_strobe
wite_strobe
i nterrupt

read_strobe
nwead,
i nterrupt,
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cl ka <= cl k;

dia <= (others =>'0");
wea <= '1";

ena <= '17;

rsta <= reset _|;

cl kb <= clk;
rstb <= reset |;

cl kad <= clk;

wead <= not ( nwead);
enad <= '1’;

rstad <= reset _|;

cl kbd <= cl k;
rstbd <= reset |;

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 InterfaceMddule is

for struc
for all : UDPWapper
use configuration fpxlib.udpw apper_conf;
end for;
end for;

end interface_conf;
-- synthesis translate_off
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9.2 Simulation Results

A simulationtestbenchasbeensetupto testthe functionality of this module.In orderto inject fake ATM
cellsinto thetestbencha C programcalledIP2FAKE is writtento accomplishthis task.

Thecommandine optionusedis: i p2f ake fil enanme. TBP.

In orderto generatea fake programpaclets/cellsfor simulation,usethe ". TBP” file generatedy the
CONVERT programastheinputto the IP2FAKE program.In orderto generate fake datapaclets/cellsfor
simulation,usea plain text editorto modify thefollowing sample’. TBP” file, anduseit astheinputto the
IP2FAKE program.Pleasenotethatthefirst word of the payloadmustbe 0x000000010 indicatethatit is
adatapaclet/cell.

# denp testbench

#

# coments start with #

# commands start with !

# parameters are optional

#

# UDP bl ock, will be prepended by an UDP header
# paraneter: 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
cellsandcanbe usedby the simulationtestbenchor testing. The IP2FAKE programis partof theIPTESTF
BENCH program.For detailedinstructionson how to usethe IPTESTBENCH pleaseeferto theIPTESTF
BENCH webpagd13].

Somewaveformsdemonstratinghe fucntionality of the circuit areshavn below.

==t wave - default 10| =l

File Edit Cursor Zoom Compare Bookmark Format  window

FEHE *BRE I LGN o KQQ@ FF 0 RLEIEH | fefelesn fn

185 ns to 474 ns s

Figure9: Arrival of the CHKHELLO ATM Cell
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Figurell: Arrival of the CHKHELLO ProgramPaclket

wave - default 10| =l

File Edit Cursor Zoom Compare Bookmark Format  window

Iy

4 [v]4] | N | 1 =]

|
:_ s I;BEI::III IIII‘ILJELIII III1II:I5II:IIII L g III1I15|I:IIII III‘iEI:"I:IIII
1115 ns

s

936 ns to 1225 ns

Figurel12: Arrival of the’Hello’ DataPaclket
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Figurel6: Departureof the'Henry’ ATM Cell

9.3 SynthesisResults

Thecircuit, includingthe KCPSM, ProgramMemory, DataMemory, Interface,andthe ProtocolWrappers,
runsat 70MHz andoccupies35%of a Xilinx XCV1000E-7-FG680.

A summaryof th synthesigesultsis shovn below:

eMaximumFrequeng: 70 MHz

oChip Utilization: 35% (4305/ 12288slices)
eExternallnput Buffers: 69 uses
eExternalOutputBuffers: 105uses

eTotal LUTs: 3807uses

9.4 Xilinx Backend SynthesisResults

Thescriptusedto synthesizeahe circuit is shavn below.

#!/ bi n/ bash

part =xcv1000e- 7- f g680
desi gn=r ad_| oopback

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 -0 ${design}.tw -xm ${design}_trce.xnl
bitgen ${design}.ncd -b -1 -w -f bitgen. ut

9.5 Laboratory Results

The FPXKCPSMmodulewasdowvnloadedo the FPX. UDP pacletsarelaunchedrom the FPX controller
(fpx.arl) into the system.IP over ATM wasconfiguredfor IP addressl92.168.10..andVPI/VCI 100/101.
UDP pacletsweretransmittedandreceved on fpx.arl usingC programcalledUDPTESTandUDPSTR.In
orderto senda programpaclet, usethe”.TBP” file generatedy the CONVERT programasthe input to
UDPTEST In orderto senda datapaclet, typein the stringin theinput promptof the UDPSTRprogram.
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Both of the UDPTESTandUDPSTRprogramsarepartof the UDPTESTBENCH14] package.
Thecommandine usedto senda UDP programpaclet/cellis: udpt est fil ename. TBP.
Thecommandine usedto senda UDP datapaclet/cellis: udpstr -h hostname -p port.

Thesourcecodefor the UDPTESTprogramis shavn below.

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

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <errno. h>
#i ncl ude <string. h>
#i ncl ude <netdb. h>
#i ncl ude <sys/types. h>
#i nclude <netinet/in.h>
#i ncl ude <sys/socket. h>

#def i ne MYPORT 3490 /* the source port */
#def i ne TOPORT 8128 /* the destination port */
#def i ne MYSI ZE 1536 /* the deault datagramsize will be 1536 bytes */

/* dobals for getting command |ine argunents */

static char *options = "v";

static char *usage = "[input filename] [-Vv]";
int vflg =0, errflg = 0;

char *host, *fil enaneg;

int port = TOPORT

int nmyport = MYPORT

i nt bufsize = MYSIZE

int size;

unsi gned char *buf, *rbuf, *Ibuf;

int i;

int x0, x1, x2, x3, y0, yl, y2, y3

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

/* Function to get conmand |ine argunents */
voi d parseargs(int argc, char *argv[])
{ .

int c;

int ok = 1;

filename = argv[optind++];

whil e ((c=getopt(argc, argv,options)) != -1)
switch (c)
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{

case 'V':
vl g++;
br eak;

defaul t:
ok = 0;

}

if (lok || optind < argc) {
fprintf (stderr, "usage : % %\n", argv[O0], usage);
exit(0);
}
}

/* Function to read input */
i nt parseinput ()
{

int i = 0;

FILE *fd;

if (filename !'= NULL) {
if ((fd = fopen(filename, "r")) == NULL) {
fprintf (stderr, "Cannot open file %.\n", filenane);
exit(1);
}
}

while (fgets(lbuf, 80, fd) !'=0) {

switch (1buf[0])

{

case '#':
if (vflg) fprintf (stdout, "%",|buf);
br eak;

case '!’':
if (vflg) fprintf (stdout, "%", |buf);
sscanf (l buf, "!'UDP % % %\ n", host, &port, &nyport);
br eak;

case '\n’
if (vflg) fprintf (stdout, "9%", |buf);
br eak;

default :
if (vflg) fprintf (stdout, "9%", |buf);
sscanf (I buf, "%@2x%@2x%@x%®@x", &x0, &x1, &x2, &x3);
buf[i] = (char) xO;
buf[i+1] = (char) x1;

buf[i+2] = (char) x2;
buf[i+3] = (char) x3;
i += 4
br eak;
}
}
fclose(fd);
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if (vflg) fprintf( stdout, "size: %\n", i);
return i;

mai n(int argc, char *argv[])
i nt sockfd;

struct hostent *he;

struct sockaddr_in my_addr

struct sockaddr _in their_addr; /* connector’s address information */

buf = call oc(bufsize, sizeof(char));

rbuf = call oc(bufsize, sizeof(char));
| buf = calloc(80, sizeof(char));
host = cal |l oc(80, sizeof(char));

parseargs(argc, argv);
si ze = parseinput ();

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

i f ((he=gethostbyname(host)) == NULL) { /* get the host info */
perror ("UDPTest failed at gethostbynane");

exit(1);
}
if (vflg) fprintf (stdout, "UDPTest is allocating socket ...\n");
if ((sockfd = socket (AF_I NET, SOCK DGRAM 0)) == -1) {
perror ("UDPTest failed at socket");
exit(1);
}

my_addr.sin_famly = AF_I NET;
ny_addr. si n_port = htons(nyport);
my_addr.sin_addr.s_addr = | NADDR_ANY
bzero(& ny_addr.sin_zero), 8);

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

i f (bind(sockfd, (struct sockaddr *)&my _addr, sizeof(struct sockaddr))

== -1) {
perror ("UDPTest failed at bind");
exit(l);
}
their_addr.sin_famly = AF_| NET; /* 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");

i f (sendto(sockfd, buf, size, O,
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(const struct sockaddr *) &t heir_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[il];

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) {

yO = rbuf[i];

yl = rbuf[i+1];

y2 = rbuf[i+2];

y3 = rbuf[i+3];

fprintf (stdout, "% 2X% 2X% 2X% 2X\n",y0,yl,y2,y3);

}

cl ose(sockfd);

return O;

Thesourcecodefor the UDPSTRprogramis shavn below.

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

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

#defi ne MYPORT 64000 /* the source port */
#def i ne TOPORT 7 /* the destination port */
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#def i ne MYSI ZE 1536 /* the deault datagramsize will be 1536 bytes */

/* dobals for getting command |ine argunents */

static char *options = "h:p:s:v";

static char *usage = "[-h destination host] [-p destination port] [-s source port] [-Vv]";
int vflg =0, errflg = 0;

char *host;

int port = TOPORT;

int nyport = MYPORT;

int bufsize = MYSI ZE;

int size;

unsi gned char *rbuf, *Ibuf;

int i;

int x0, x1, x2, x3, yO0, y1, y2, y3;

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

/* Function to get conmmand |ine argunents */
voi d parseargs(int argc, char *argv[])
{ .

int c;

int ok = 1;

whil e ((c=getopt(argc,argv,options)) != -1)
switch (c)
{
case 'h':
host = optarg;
br eak;
case 'p':
port = atoi(optarg);
br eak;
case 's’:
nyport = atoi (optarg);
br eak;
case 'Vv':
vl g++;
br eak;
defaul t:
ok = 0;
}

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

/* Function to read input */
i nt parseinput ()

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

/* prepend KCPSM data packet header to begin of payload */

| buf[0] = (char) O;
I buf[1] = (char) O;
I buf[2] = (char) O;
I buf[3] = (char) 1,

/* update payl oad size */
I ength = strlen(& buf[4]) +4;

/* replace the Iine feed with a null character */
| buf [length-1] = (char) O;

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

| buf [ ength] = (char) O;

| engt h++;

}

return | ength;

mai n(i nt argc, char *argv[])

i nt sockfd;

struct hostent *he;

struct sockaddr_in my_addr

struct sockaddr _in their_addr; /* connector’s address information */

| buf = call oc(bufsize, sizeof(char));
rbuf = call oc(bufsize, sizeof(char));
host = calloc(80, sizeof(char));

par seargs(argc, argv);
size = parseinput();

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

i f ((he=gethostbynanme(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_I NET, SOCK DGRAM 0)) == -1) {
perror ("UDPStr failed at socket");
exit(1);
}

my_addr.sin famly = AF_| NET;
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my_addr.sin_port = htons(nyport);
my_addr.sin_addr.s_addr = | NADDR_ANY
bzero(&(ny_addr.sin_zero), 8);

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

i f (bind(sockfd, (struct sockaddr *)&my _addr, sizeof(struct sockaddr))

== -1) {

perror ("UDPStr failed at bind");

exit(1);
}
their_addr.sin_famly = AF_| NET; /* 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 % bytes ...\n", size);

i f (sendto(sockfd, |buf, size, O,
(const struct sockaddr *) & heir_addr, sizeof(their_addr)) < 0) {
perror ("UDPStr failed at sendto");
exit(1);
}

fprintf (stdout, "Sent %l bytes: \n", size);
fprintf (stdout, "9%\n", & buf[4]);

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

}

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

fprintf (stdout, "Received % bytes: \n", size);
fprintf (stdout, "9%\n", & buf[4]);

cl ose(sockfd);

return O;

In thefirst test,the string’Hello’ is sentusingthe UDPSTRprogram. After receving this paclet, the
FPX KCPSMmodulejustechoedbackthe original string. In the secondest,the CHKHELLO programis
sentusingthe UDPTESTprogram.After receving this paclet,the FPX KCPSMmoduleonceagainechoed
backtheoriginal program.The string’Hello’ is thensentusingthe UDPSTRprogram.After receving this
paclet, the FPX KCPSM moduleloadedwith the CHKHELLO programmodifiedthe string 'Hello’ and
echoedbackthenew string’Henry’ to thesender
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10 Distribution

All of thefilesin this projectareincludedin asingle TAR file, andit is availableatht t p: / / ww. ar | . -
wust | . edu/ arl / proj ects/fpx/fpx_kcpsm[l5]. Detaileddescriptiorof thedirectorystructureof
the TAR file beginningfrom therootlevel is discussedbelow.

o/ i pt est bench/ Itincludesthesourcdiles,input/outpufiles,andcompilescriptfor thel P2FAKE

program.
o/ udpt est bench/ Itincludeghesorucdiles,inputfiles,andcompilescriptfor theUDPTEST, UDP-

STR program.
o/ KCPSM

—cor egen/ It includesthe simulationfiles andthe outputfiles for the COREGENcomponents
usedin thismodule.

—si m It includesthe VHDL sourcefiles, theinput/outpuffiles, andthe simulationscriptfor the
testbenchhatsimulateghis modulein Modelsim.

—syn/ It includesthe scriptandthe Synplicity projectfiles usedto synthesizehis module.

xr ad- xcvel000/ It includesthe outputfiles generatedy the Xilinx baclendtools and
theresultingbit file of thismodule.
—vhdl / It includesthe VHDL sourcefiles for thismodule.
—wr apper s/ It includesthe EDN files andthe simulationVHDL files of the LayeredProtocol

Wrappers.
—package/ It includesthe Xilinx KCPSM Package It includesthe KCPSMBLE assemblerthe

PSMVDEBUG dehugger andotherrelevantfiles.
xconvert /It includesthe C sourcefiles andthe compilescriptfor the CONVERT program.
xchkhel | o/ It includestheassemblysourcefiles for the stringreplacemenprogram.
xchksunt It includestheassemblysourcefilesfor atestprogramto shortenthedatapaclet
by appendingake UDP checksunin thetrailer.
xt est/ It includestheassemblysourcefiles for the simplecounterprogram.

11 Exercises

eUsingthe KCPSM programtemplatejmplementthe ROT13 encryptiory/ decryptionalgorithm.

—Editthesource’.PSM” file.
—Assemblehe KCPSM program.

eCorverttheabore KCPSMprograminto fake ATM cells.

—Usethe CONVERT programto generaté. TBP” file.
—Usethe IP2FAKE programto generatdake ATM cell.

eGeneratenen datapacletsandconverttheminto fake ATM cells.

—Usethesample’. TBP” file asageneralguide.
—Usethe IP2FAKE programto generatdake ATM cell.

¢SendUDP datagranto testyour new design.
—-Usethe UDPTESTprogramto sendprogrampacletsandUDPSTRto senddatapaclets.
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12 Conclusion

This projectdemonstratesiov a softcoreprocessorcan be embeddednto an FPX moduleand how to
usethe ProtocolWrappersto implementactive networking functionsfor the dataand programscarriedin
Internet-Protocopaclets. The FPX KCPSMmodulecombinegheflexibility of a softwareprogramandthe
performancéenefitsof a hardwaremoduleto allow the contentof the ProgramMemoryto be dynamically
reprogrammedaver the network throughthe useof UDP datagramsAlthoughthe currentimplementation
is targetedto work with the KCPSMin the WUGS andthe FPX researclernvironment,it canbe adaptedo
work with othersoftcoreprocessorn otherFPGA-baseadystem.It synthesize$o run at 70MHz anduse
35%of the availablegateson a Xilinx XCV1000E-7-FG680.
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