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OutlineOutline

•• MotivationsMotivations
•• The Target Reconfigurable Processor (The Target Reconfigurable Processor (XiRiscXiRisc))
•• Design Space ExplorationDesign Space Exploration

–– Design flowDesign flow
–– Optimizations and limitationsOptimizations and limitations

•• TurboTurbo--decoder exampledecoder example
–– Memory optimizationsMemory optimizations
–– Dynamic instructions selectionDynamic instructions selection
–– MappingMapping
–– Experimental resultsExperimental results

•• ConclusionsConclusions
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Past workPast work

•• Reconfigurable array as coReconfigurable array as co--processor:processor:
–– GARP (Callahan), Nimble compiler (Li)GARP (Callahan), Nimble compiler (Li)

•• Reconfigurable array as functional unit:Reconfigurable array as functional unit:
–– PriscPrisc ((RazdanRazdan), ), ChimaeraChimaera (Hauck), Concise ((Hauck), Concise (KastrupKastrup))

•• Key issues:Key issues:
–– path to memory and I/O limitations (copath to memory and I/O limitations (co--processor better)processor better)
–– ease of integration into ISA and compiler (FU better)ease of integration into ISA and compiler (FU better)
–– rowrow--based architecture for good arithmetic op mappingbased architecture for good arithmetic op mapping
–– efficient HW synthesis onto nonefficient HW synthesis onto non--standard architecturestandard architecture



•• 22--Channel VLIW Channel VLIW 
ElaborationElaboration

•• Shared DSPShared DSP--like like 
function unitsfunction units

•• Embedded pGA Embedded pGA 
device device 

The The XiRiscXiRisc ArchitectureArchitecture



Dynamic Instruction Set ExtensionDynamic Instruction Set Extension
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MultiMulti--contextcontext ArrayArray

FuncFunc. 1. 1
FuncFunc. 2. 2

FuncFunc. 3. 3

FuncFunc. 4. 4

FuncFunc. n. n

ConfigurationConfiguration CacheCache
PiCoGAPiCoGA

•• Four configuration planes are availableFour configuration planes are available
•• Plane switching takes one clock cyclePlane switching takes one clock cycle
•• While one plane is loading, others can work undisturbedWhile one plane is loading, others can work undisturbed



Design Space ExplorationDesign Space Exploration

•• Software developer’s perspective:Software developer’s perspective:
–– Wants only the speedWants only the speed--up (cc up (cc --OR foo.c)OR foo.c)
–– Does not want to see the architectureDoes not want to see the architecture

•• Reconfigurable processor compilers enable the transparent use Reconfigurable processor compilers enable the transparent use 
of the reconfigurable instruction set via:of the reconfigurable instruction set via:
–– PseudoPseudo--function calls (“function calls (“intrinsicsintrinsics”)”)
–– Language extensions (Language extensions (pragmaspragmas))

•• Design flow:Design flow:
–– Identify compute intensive kernelsIdentify compute intensive kernels
–– Group instructions into sets of userGroup instructions into sets of user--defined defined pGApGA instructionsinstructions
–– Use cost figures to compare costs and performance of different Use cost figures to compare costs and performance of different 

HW/SW partitionsHW/SW partitions
–– Refine cost figures by manual or automatic synthesisRefine cost figures by manual or automatic synthesis
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Manual Manual pGAoppGAop identification: exampleidentification: example

int bar (int a, int b) {
int c;
#pragma pgaop sa 0x12 5 1 2 c a b
c = (a << 2) + b;
#pragma end
return c + a;

}

main() {
i = bar(2,3);
return;

}

int i;
int bar (int a, int b) {

int c;
#if defined(PGA)

asm ("pga5 0x12,%0,%1,%2":"=r"(c):"r"(a),"r"(b));
#else

asm ("topga %1, %2, $0"::"r"(a),"r"(b));
asm ("jal _sa");
asm ("fmpga %0, $0, $0": "=r"(c): );

#endif
return c + a;

}
...
#if !defined(PGA)
void _sa () {

int c,a,b;
asm("move %0,$2;move %1,$3": "=r"(a),"=r"(b):"r"(c):

"$2","$3","$4");
c = (a << 2) + b;
/* delay by 5 cycles */
asm("move $2,%0; li $4,5": : "r"(c) : "$2","$3","$4" 

);
}
#endif
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Design Space ExplorationDesign Space Exploration
Optimizations for the Reconfigurable ArrayOptimizations for the Reconfigurable Array

Increase PerformanceIncrease Performance
Increase concurrencyIncrease concurrency
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Optimize data structuresOptimize data structures
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•• Exploit concurrencyExploit concurrency
–– within the reconfigurable arraywithin the reconfigurable array

•• horizontally: operate on multiple datahorizontally: operate on multiple data
•• vertically: pipelined implementationvertically: pipelined implementation

–– with respect to the standard datawith respect to the standard data--pathpath
•• Optimize data memoryOptimize data memory

–– internal storage reduces register spillsinternal storage reduces register spills
–– reordering and shifting are freereordering and shifting are free
–– pack data into a single word (SIMD pack data into a single word (SIMD 

operation)operation)
•• Optimize instruction memoryOptimize instruction memory

–– reduced instruction fetchesreduced instruction fetches

Design Space ExplorationDesign Space Exploration
Optimizations for the Reconfigurable ArrayOptimizations for the Reconfigurable Array

Increase PerformanceIncrease Performance
Increase concurrencyIncrease concurrency

Minimize memory accessesMinimize memory accesses
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Optimize data structuresOptimize data structures
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Reduce instruction fetchesReduce instruction fetches

Reduce data fetchesReduce data fetches



Design Space ExplorationDesign Space Exploration
Limitations of the Reconfigurable ArrayLimitations of the Reconfigurable Array

•• No direct access to memoryNo direct access to memory
–– processor memory access unit is a bottleneckprocessor memory access unit is a bottleneck

•• Finite number of read/write register ports (operands)Finite number of read/write register ports (operands)
–– 4 read, 2 write4 read, 2 write

•• Finite chip areaFinite chip area
•• Number of custom instructionsNumber of custom instructions
•• Reconfiguration timeReconfiguration time

–– 4 configuration caches4 configuration caches
•• Limited control flowLimited control flow

–– can implement data dependent loops and ifcan implement data dependent loops and if--thenthen--elseelse



UMTS TurboUMTS Turbo--decoderdecoder

•• UMTS (3GPP) Turbo Code Specification:UMTS (3GPP) Turbo Code Specification:
–– 8 states trellis8 states trellis RSC (1,15/13)RSC (1,15/13)88 Rate=1/3Rate=1/3
–– variable frame size variable frame size 40 40 ≤≤ K K ≤≤ 51145114

•• BCJR algorithmBCJR algorithm
–– Max logMax log--Map + linear correctionMap + linear correction
–– 16 bit fixed point precision16 bit fixed point precision

•• BPSK modulation along with AWGN channelBPSK modulation along with AWGN channel



UMTS TurboUMTS Turbo--decoderdecoder
Block diagramBlock diagram
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UMTS TurboUMTS Turbo--decoderdecoder
Memory layout optimizationsMemory layout optimizationsγγ22γγ33γγ00 γγ11
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UMTS TurboUMTS Turbo--decoderdecoder
pGApGA Instruction SelectionInstruction Selection
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max*:  max*:  y = y = ln(eln(eaa + + eebb))

ifif (abs(a(abs(a--b) b) ≤≤ T) T) corrcorr = = (T (T -- abs(a abs(a -- b))b));;
elseelse corrcorr = 0;= 0;
returnreturn (max(a, b) + (max(a, b) + corrcorr););

UMTS TurboUMTS Turbo--decoderdecoder
Mapping Mapping pGApGA instructionsinstructions

•• Speculative executionSpeculative execution
•• Two concurrent max*Two concurrent max*

–– input/output data packedinput/output data packed
•• Pipelined implementationPipelined implementation

–– latency: 4 + 1 clock cycleslatency: 4 + 1 clock cycles
–– issue delay: 1 clock cycleissue delay: 1 clock cycle

2 segment piece2 segment piece--wise linear approx.wise linear approx.
a a -- bb

b b -- aa

MuxMux
corrcorr = T = T -- | a | a -- b |b |

MuxMux
max(a, b)max(a, b)

aa bb

MuxMux
max(a, b) + max(a, b) + corrcorr
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SaturationSaturation



Experimental ResultsExperimental Results
UMTS Turbo Decoder K=40 single iterationUMTS Turbo Decoder K=40 single iteration
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Experimental Results:Experimental Results:
SpeedSpeed--upup and and EnergyEnergy ReductionReduction

4.3x4.3x49%49%CRCCRC

7.7x7.7x60%60%MedianMedian filterfilter

10x10x80%80%MotionMotion estimationestimation

11.7x11.7x75%75%Turbo decoderTurbo decoder

13.5x13.5x89%89%DES DES encryptionencryption

SpeedSpeed--up up 
(vs. std. (vs. std. XiRiscXiRisc))

EnergyEnergy reductionreduction
(vs. (vs. stdstd. . XiRiscXiRisc))AlgorithmAlgorithm

As a comparison, Tensilica achieves
• 10X better speed-up (50-100X) on similar examples
• using 10X more gates (i.e. similar area)
• without the reconfiguration flexibility



ConclusionsConclusions

•• Reconfigurable computing dramatically speeds up highly Reconfigurable computing dramatically speeds up highly 
data and control intensive applicationsdata and control intensive applications

•• Traditional software and hardware design flows do not Traditional software and hardware design flows do not 
support reconfigurable architecturessupport reconfigurable architectures

•• Software oriented design flow:Software oriented design flow:
–– fast exploration of HW and SW alternativesfast exploration of HW and SW alternatives
–– no detailed knowledge of the underlined architectureno detailed knowledge of the underlined architecture

•• Future workFuture work
–– automatic kernel extractionautomatic kernel extraction
–– fully automated path to implementationfully automated path to implementation


