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Xilinx Virtex-4 Platform FPGAs 200,000 Logic Cells 500 MHz Xesium™ Differential Clocking



500 MHz BRAM with FIFO & ECC AES Secure Chip Design Security



0.6-11.1 Gbps RocketIO™ Transceivers



1 Gbps SelectIO™ with ChipSync™



PowerPC® Processor with APU



500 MHz XtremeDSP™ Slice 10/100/1000 Ethernet MAC



Adam Donlin – December 6th 2005 4



Copyright Xilinx 2003 – 2005, All Rights Reserved



ASMBL™ Architecture Advanced Silicon Modular BLock Logic



Memory



LX



DSP



SX



Serial I/O



Processors



FX



Optimized for Optimized for Optimized for Serial I/O & Processing DSP Logic Xilinx unique methodology to assemble multiple FPGA Platforms Adam Donlin – December 6th 2005 5
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Programmable Systems, Tools and IP DSP



Logic



System Generator



ISE Foundation



System Design



IP



Processor Simulation Simulation



Platform Studio



Timing Analysis Utilization Power Analysis



HW in the Loop
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A fresh look at dynamic reconfiguration • Platform FPGAs have re-drawn the landscape – Complex, powerful, heterogeneous system components • Increasingly, the FPGA is the system



– – – – –



Up to 50 million configuration bits Powerful embedded processing and real-time operating systems High-speed networking Self-controlled reconfiguration Reconfiguration latencies are consistent with the response times needed for human computer interaction (HCI)
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Applications of Reconfiguration • Multi-mode Systems – Not every mode is required simultaneously – Configure circuitry for each mode into the system only when it is required



• Adaptive Algorithms/Services – Multimedia algorithms may have a variety of quality profiles – Broad ‘dynamic range’ of functionality – Optimize circuit architecture to support desired quality • Reconfigure as required…
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Reconfiguration 101



• Think of an FPGA as Two Layers: – Configuration Memory – Logic Layer



Logic Layer



• Configuration memory controls function computed on logic layer
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‘Typical’ Configuration Mode • Fixed configuration – Data loads from PROM or other source at power on – Configuration fixed until the end of the FPGA duty cycle



– Evaluate functionality of design as it is developed



Power On
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Device Duty-cycle



Function



• Used extensively during traditional design flow



Configuration Overhead



Time



Shut Down
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Reconfiguration • Configuration memory no longer fixed during the system duty cycle



– Different, full device bitstreams loaded over time



Configuration Overhead



Power On
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Reconfiguration Overhead



Function



– Initial Bitstream loaded at power-on



Time



Shut Down
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Partial Reconfiguration • Only a subset of configuration data is altered



– Main benefit: reduced configuration overhead



Configuration Overhead



Power On
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Reconfiguration Overhead



Function



– But all computation halts while modification is in progress…



Time



Shut Down
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Dynamic Reconfiguration • A subset of the configuration data changes…



– Configuration overhead limited to circuit that is changing…



Configuration Overhead



Power On
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Reconfiguration Overhead



Function



– But logic layer continues operating while configuration layer is modified…



Time



Shut Down



Copyright Xilinx 2003 – 2005, All Rights Reserved



Reconfiguration Types: Summary



Proportion of Configuration Memory Modified



Full



Partial



Off-line



Reconfiguration



Partial Reconfiguration



On-line



n/a (multi-context)



Dynamic Reconfiguration
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Our vision for dynamic reconfiguration • Dynamic reconfiguration as a differentiating advantage for the majority of Xilinx designers • Use it in the design flow of static designs – Customer exploits the technology for design and debug without having to be aware of dynamically reconfigurable systems



• For field-based upgrading of static designs • For customer designs that are dynamically reconfigurable
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Virtex-II Pro IOB



MGT



CLB Adam Donlin – December 6th 2005 18



PPC



BRAM



DCM



ICAP Copyright Xilinx 2003 – 2005, All Rights Reserved



Read / Modify / Write



Staticframe 1. Read back Region and load into BRAM



2. Modify configuration data in BRAM



Reconfigurable Region



3. Write modified frame to configuration memory Static



4. Repeat “Read- ModifyWrite” sequence for all frames BRAM



Region



ICAP Limitation: No SRL16s or LUT RAM in regions above and below reconfigurable module Adam Donlin – December 6th 2005 19
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Virtex-II Pro Partial Reconfiguration • Single bit-wide frames for complete CLB column • Only one reconfigurable region per CLB column • No SRL16s or distributed LUT RAMs above or below a partial reconfigurable region • 8-bit h/w ICAP (50 MHz, no handshake) • Maximum of 8 global clocks are allowed by the new partial reconfigurable flow Adam Donlin – December 6th 2005 20
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Self-reconfiguring platform (SRP) FPGA Configuration Memory



EDK 6.2i MicroBlaze system



ICAP



PowerPC



CoreConnect OPB



Control Logic Dual-port BRAM



Device Driver Access XStatus XHwIcap_SetClbBits (XHwIcap *InstancePtr, Xint32 Row, Xint32 Col, const Xuint8 Resource[][2], const Xuint8 Value[], Xint32 NumBits) XStatus XHwIcap_GetClbBits (XHwIcap *InstancePtr, Xint32 Row, Xint32 Col, const Xuint8 Resource[][2], Xuint8 Value[], Xint32 NumBits) Adam Donlin – December 6th 2005 21
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Virtex- 4 Partial Reconfiguration • Configuration frame is 16 CLBs high • More than one partial reconfiguration module (PRM) within a CLB column • SRL16s or distributed LUT RAMs can be placed above or below a partial reconfiguration module • 32-bit h/w ICAP (100 MHz) • Maximum of 8 clocks per partial reconfiguration region, but up to 32 allowed in overall design Adam Donlin – December 6th 2005 23
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Virtex-4 Row-based Reconfiguration Static Region



Reconfigurable Region



Static Region



Independent access to to 16 CLB tall rows Adam Donlin – December 6th 2005 24



Simple configuration without affecting logic above or below the reconfigurable region



Fewer restrictions on SRL16s and LUT RAM
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Virtex-4 Row-based Reconfiguration (2)



Reconfigurable Region 1



Reconfigurable Region 2



Reconfigurable modules can co-exist in the same column Adam Donlin – December 6th 2005 25
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Reconfigurable Module Interfaces: Older TBUF bus macros Interface to static region



Interface to dynamic region



?
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Busmacro Re-design: “Slice Macros” Replace TBUF-Elements with Slices Look Up Table



preassigned



Look Up Table G1 F1



G1 F1



X



X



Y



Y



Interface to static region
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preassigned



Interface to dynamic region
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Slice macros replace TBUF macros



Standard Slice Macro



Expanded Slice Macro



Interleaved Slice Macros Adam Donlin – December 6th 2005 28
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Design Flow Terminology



• PRR



Top level logic



– Partially Reconfigurable Region



• PRM – Partially Reconfigurable Module
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PRM PRM PRM PRM PRM PRM PRR PRR
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HDL design for Partial Reconfiguration • HDL design hierarchy will be determined by the Partially Reconfigurable Regions [PRR]



Top SM1_UART SM2_MAC SM3_ALU PRR1 PRR2
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Top (all global) Static SM1_UART SM2_MAC SM3_ALU PRR1 PRR2



Top and Static logic



PRR2



PRR1
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Partially Reconfigurable Regions • Each Partially Reconfiguration Regions [PRR] will have multiple Partially Reconfigurable Modules [PRM] Top Static SM1_UART SM2_MAC SM3_ALU PRR1 PRR2
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PRM1_gray PRM1_binary PRM1_one_hot



PRM2_PCI32 PRM2_PCI64 PRM2_PCIX



Top and Static logic



PRR2



PRR1
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Bus Macros • All inputs and outputs of the PRRs must go through a bus macro – The bus macros will be floorplanned during Initial Budgeting – The bus macros are instantiated in the top level HDL code • The ports for the PRMs must match the PRRs Top BM_L2R_1(M) BM_R2L_2(N) BM_L2R_3(S) BM_R2L_4(T) PRR1(M,N) PRR2(S,T)



Top and Static logic PRM1_gray (M,N) PRM1_binary (M,N) PRM1_one_hot (M,N) PRM2_PCI32 (S,T) PRM2_PCI64 (S,T) PRM2_PCIX (S,T)
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PRR1
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Synthesis • Generate separate EDIFs for each PRM – If the PlanAhead floorplanning tool is used, it can generate the separate netlists from a single hierarchical EDIF Top (all global) Static SM1_UART SM2_MAC SM3_ALU PRR1 (A, B, C) PRR2 (A, B, C)
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Top.edn Static.edn PRM1_A.edn PRM1_B.edn PRM1_C.edn PRM2_A.edn PRM2_B.edn PRM2_C.edn
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Initial Budgeting with PlanAhead Floorplanner • Create ranges for each PRR • Lock global logic – I/O – BUFG – DCM



• Lock every bus macro • Possibly create TPSYNC for timing from/to bus macros
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Static Module Implementation • Placer will not put static logic in PRR



Top and Static logic



• Router can use resources in PRR – Saves this to a database for later use in Active Module Implementation
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A



B PRR2



PRR1
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Active Module Implementation • This step is run for every PRM (ngdbuild/map/par) – In the example, this is PRM1_A, B, C and PRM2_A, B, C



Top and Static logic



• The database from Static Module Implementation contains the information that route AB is not available • All PRM logic and routing is inside the corresponding PRR Adam Donlin – December 6th 2005 37



A



B PRR2



PRR1
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Final Assembly and Bitstream Generation • Merge every PRM back into the static design • Create the partial bitstream for each PRM • Create the full bitstream for FPGA power-up Top.bit PRM1_A.bit PRM1_B.bit PRM1_C.bit PRM2_A.bit PRM2_B.bit PRM2_C.bit
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Top and Static logic A



B PRR2



PRR1



Copyright Xilinx 2003 – 2005, All Rights Reserved



Overview ‹



The Xilinx Platform



‹



A fresh look at dynamic reconfiguration



‹



Virtex-II Pro and the Self-Reconfiguring Platform (SRP)



‹



Virtex-4 reconfiguration enhancements



‹



New partial reconfiguration flow



‹



Xilinx Virtual File System (XVFS)



‹



Conclusions



Adam Donlin – December 6th 2005 39



Copyright Xilinx 2003 – 2005, All Rights Reserved



Xilinx Virtual File System (XVFS)



ration bits u g fi n o c n o li il m 50 Adam Donlin – December 6th 2005 40
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File Systems • Standard File System – Present data on physical harddrive media as hierarchy of files and directories – Network File Systems



Read /proc/* Read File X /proc/* Write File Write Y



• Virtual File System



Operating File System OperatingSystem File System Drivers System Drivers



– Apply the File and Directory metaphor to other data sources – For example: • Linux Kernel’s /proc filesystem • File and Directory Access to Kernel Data Structures
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Kernel Data Structures



Standard File System



Virtual File System
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The Xilinx Virtual File System (XVFS) • Bitstream as virtual file system • Mapped configuration data into dedicated part of the Linux file system (e.g., /proc/fpga) • Dynamically generated representation of “live” configuration data by PowerPC hosted Linux



Read /fpga/* Write /fpga/*



Operating System



File System Drivers



SRP Device Drivers



• Represent all heterogeneous resources in FS hierarchy
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Benefits and Capabilities • Intuitive – Common file system metaphor – Extensions and re-interpretations are possible



• Neutral – Manipulate XVFS files in Perl, Shell Script, C, C++… – Full power of operating system and third-party tools to manipulate and postprocess system data • Re-use standard, unmodified applications on XVFS files and directories, e.g. CVS Revision Control, MatLab, etc.



• Pervasive – Easily networked – Client/Server model Adam Donlin – December 6th 2005 43
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The Xilinx Virtual File System Read /fpga/* Write /fpga/*



System User/ Control Program proc pci net



Linux Kernel + XVFS Module DeviceAccess Access Device Mechanism Mechanism



processes FPGA Physical Resource View LUTs BRAMs MGTs Routing IOBs IP Core View



FPGA Configuration Memory (Live Bitstream Data)



Adam Donlin – December 6th 2005 44



Floorplan View
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XVFS Files and Directories FPGA Phys



IPs



slice



BRAM



x[0..m]



x[0..m]



y[0..n] 1001000000000



y[0..n]



value: OMUX2



LUT.F LUT.G FF.F



FF.G



Adam Donlin – December 6th 2005 45



9d 62 45 00 97 fa 62 9d 98



a4 12 c0 10 e9 79 12 a4 34



f9 81 92 40 3a 00 81 f9 12



b5 4d 2f 16 29 00 4d b5 12



Contents Copyright Xilinx 2003 – 2005, All Rights Reserved



Physical View • Provides access to low level physical device components • Currently supports – Read/write current states of slice FF – Read/write LUT equations – Read/write RAMB16 contents
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VFS usage: physical resource view



$ cd /fpga/phys.resource/slice/X67/Y60 Change directory to slice (67,60) $ echo -n ‘1000100010001000’ > LUT.F Set the F LUT contents $ cat IMUX.F4 1001000000000 value: OMUX2
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Interrogate F4 input mux. setting Symbolically decode configuration
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XVFS Software Architecture • User applications issue standard file system call



C program



Perl script file system call



– open, read, write, close • Linux VFS hides underlying file system implementations



Linux VFS layer xvfs



• xvfs receives read/write calls and queries configuration bits via libsrp



libsrp



• libsrp queries hardware via fdev (hw abstraction layer)



fdev



• ICAP obtain physical configuration bit
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shell cmd



ext2



vfat



Hard disk



opb_hwicap



ICAP
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XVFS Processor-FPGA permutations • Integrated processor – Original SRP – Integrated CPU (MicroBlaze or PPC) hosts Xilinx VFS



FPGA



• External processor – Device driver interfaces via SelectMap or JTAG – Single processor to multiple devices



• Remote processor – Exploit Network File System (NFS) to abstract network Adam Donlin – December 6th 2005 49



FPGA



PPC (XVFS)



Select Map Processor



FPGA



JTAG



FPGA



(XVFS)



Internet Processor



FPGA



(XVFS)



Samba/ NFS
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XVFS IP Core View • XVU Meta Files FPGA



Mpeg.xvu



– Dynamically create entries in ‘Module’ directory



Phys



IPs



• XVU Entries – Specify Containers



Src



Module



• -> Directories



– Specify Aggregates mpeg1



• -> Files



Mpeg.xvu motion



Params Frame Buffer Adam Donlin – December 6th 2005 50
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XVU meta file for IP core view • Like a symbol file • Defines logical mappings for physical resources • Hierarchical • Currently hand crafted – Future: automatically extracted
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/* XVU file example */ directory demo { directory pb_sample { file pb_counter { content { ff 76 51 x ... ff 76 57 y } format { bin } } file comparator { content { lut 76 51 f ... lut 76 57 g } format { bin } ... Copyright Xilinx 2003 – 2005, All Rights Reserved



XVFS System Debug Scenario
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Imagine if …. • Partial reconfiguration was as simple as “dragging-anddropping” a file • Remote debugging began with an NFS mount of the remote FPGA-under-test • The contents of one BlockRAM could be compared with the configuration of another by “diff-ing” their corresponding sub-directories • Configurations could be archived and rolled backwards or forwards for debugging with standard tools (winzip, cvs, etc) Adam Donlin – December 6th 2005 53
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Conclusions • Platform FPGAs are transforming the system design landscape • Virtex-4 offers powerful new support for dynamic reconfiguration • Xilinx’s new partial design flow with slice macros enables dynamic designs • Self-reconfiguring Platform and Xilinx Virtual File System introduce new opportunities for dynamic systems • New use-case scenarios such as debug and remote diagnostics are being investigated Adam Donlin – December 6th 2005 54
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Virtex-II Pro Development Platform: Curriculum-on-a-ChipTM Development system for education Powerful, Versatile, Low-cost Available through Europractice Perfect Holiday Gift
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Virtex-II Pro Development System • Powerful: Virtex-II Pro XC2VP30 FPGA – 30,816 Logic Cells, 2 PowerPC 405 processors, 8 multi gigabit transceivers (4 available on board), 2448 kbits of Block RAM, 136 18x18 multipliers



• Versatile – Teaching and research – Digital design, computer architecture, operating systems, networking, embedded systems, digital signal processing, image & video processing, digital communications, and more



• Low-cost … US$299 per board from www.digilentinc.com – With donation of 4 on-board Xilinx devices Adam Donlin – December 6th 2005 57
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Virtex-4 FX140 IOB



DSP



PPC Adam Donlin – December 6th 2005 58
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