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Real ity Check &

Lat el Y Elﬁust as everything seems to be going great for FPGAS)

Reported speed-ups have become more modest, with low single
di gits frequently Dbeing report ec

Why? Some hypotheses A

I More ambitious applications
A Large codes in established systems
A True HPC: large, complex, data types
I More realistic reporting
A end-to-end numbers
A production reference codes
I More nambitiouso devel opment t ool
I A"Broader o devel oper base
I FPGA stagnation for two generations (4 years)
A Smaller chips (relative microprocessors)
ARel atively fewer fihardodo component s:
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One key to successful HPRC application
devel opment &

Use an appropriate computing model*
when formulating a problem*

*neither programming language substitute nor HDL

Computing Model |

an abstraction of a target machine used to
ease application development

*iOne of the key chall enges a dRloblersFormdatidngy t
-- Dr. J. Muioz, ACS Program Manager, RSSI 2008
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A good computing mo

A Ignores machine details
A Ignores programming language details

A Expresses enough of the underlying machine to enable
the user to develop/choose an optimal algorithm (for a
given application)

A Enables some amount of portability

*see, e.g., L. Snyder 1986 Annual Review of Computer Science

_ BOSTON
HPRC Computing Models RSSI i 7/9/2008 UNIVERSITY




The more machi ne de

é that 1 s expressed I n t

A the greater the potential performance

A the less the portability
A the more experience required to use effectively
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Hi stori1cally (ca. 1

Nl f we onl ycom@autungmboel, then g h
we could port programs among all of our
di fferent parall el comp

-- theme of several parallel computing conferences
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Nowadays &

NWe need t o deconeputcng mddaleo r
t hat programmers can UuUsSE
[without having to learn anything new].
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Serial Architecture Computing Model

v. Neumann machine
A Single thread
A Random access memory
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Parallel Architecture Computing Models

Three (and combinations) are in common use:
1. multiple threads with shared address space
2. multiple threads with message passing

3. single thread with dataparallel constructs
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Good (and bad) Computing Models

Just about any programming model can map to any non-trivial computer
(C pointers to FPGAs?? Par al |l el L

Good models (w.r.t. atarget architecture):

1. Isitconvenientto use (in comparison with programming)?
I Inconvenient to use A microcode, VHDL, etc.

2. Do constructs map efficiently to the target architecture?
I Inefficient mapping A functional parallelism to a SIMD architecture

3. Can critical target machine features be expressed?

I Features ¢ ano0A fobaemulg-comr arehfestaral parallel
independent functions in the dataparallel model
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A great qgquestion e

(that is beyond the scope of this talk):

|l s It possible to suppor
computing model?

In which we can create applications that port among target

architectures, where:
I the programmer effort is the same as for one version of the software
I the target architectures are unrestricted
I the performance is optimal for all target architectures
I there is no constraint on application domain
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Outline

1. Computing Models

2. FPGA Basics i functional models

3. Things that FPGAs do really well 1
FPGA Computing Models

4. Sample application mappings

5. What this says about how FPGA-based
computing can advance
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HPRC Computing Models
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What 0s a good comp
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A Basic FPGA Computing Model

Hi storically, FPGADagwfgateso a
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Should also account for board-l
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Intel® Architecture
with Multi Core

=General purpose Scalability
=Economies of Scale

Intel® Architecture

with Accelerators

= Special Purpose Performance

ﬁ—\

Linitiad Architecture for Multi Cores & Accelerators
Bhatt/Intel, FPLO7
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FPGA Functional Model

A Millions of gate equivalents & connections
A ~500 ALU equivalents

A ~1,000 small on-chip caches
i Total on-chip memory ~16MB

A Several off-chip caches
I Capacity for 512b data transfers per cycle (8x64b)

A Several high-performance 1/0 streams

A Host w/ simple interface, e.g., FSB
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Another Candidate Model

void AC( char* _bh. // bagin heap
int _hs /7 heap aize in bytes
nt _st, // total segment count
e _ft. /) total frageent count
byte _bo // boot - hard | reconstituts
byte _ce) | // Apportion Corelne Heap (AC)
static char* CU, // pointer to Current Ssgment used for clearing mexory
SE* aePtr
ERY frPer
FR* thPer

Esla_FY Rec PN
int fYArraySize

Ha = (MM*} b // Set up M'a heap pointer
Ma->0N = _bh: // OpStep 1. save pasped Mesp Begin Address
Ha->H5 = (int)_hs /7 OpStep 2 save passed Beap aize
Da->5T = _at // OpStep 3. save total segment count
MuesfT = 1t // OpStep 4 save total tragment count
it ( _or I= 0:00) ( // OpStep & 1t Confirmirevert paraxeter set
aot_CR: " ther: aet the confirm/revert status flag

In->80 = Da->UN + sizeof ([N) // OpStep 11 3ot poanter to Segin of Fragment Bank Array
(BH plus MM axticle aize)
Mn_Fbs = FRAG_DANE ENTRIES * sizeof (FX) /f Calculate the =ize of the Frogment Pank arcay

H->85 = Ix->08 + e ¥Ybs f/ Opfitep 10 =2t pointer to Degin of ssgment srray
(BE plus M Fragment Bark aize)
ln->Bll = Ma->B8 + (Im->3T ¢ sizect (%)) // OpStep 9: luve space for segment array to Begin of MHetrics Record
BS plus Total Segmenta times Segment Size)

ln->P5 = Ma->8 + sizeof (1K), lf OpStep 8. leave space for Netrics Record to Degin of Fool sres
Hu->lP = Ma->PS ¢ (Mu->FT ¢ aizeot(FR)). // OpStep 7. aet up next pool pointer to be same a3 Pool astart
Me->PE = Ma->00 + (Im->N8 - (Mu->FT * =izeof(FR)). // OpStep 6. insure adegquate =psce at end of pool for a last fragmenmt
Ha->N5 = Mu->BS + 1 // OpStep 12 addr of pext Segeent. account for pegment that will de used
- (byte*) Mu-»B3; // OpStep 13 oddr of Begin Segment to Current seguent pointer
m.-,cr 25 // OpStep 14 assign defragesnt satpoint
Mu-sCA = 25; // OpStep 19 3ot compactor autoset point
ln->PC = 25; // OpStep 20 aset relinquish counter value
Ma->FD = 1 // OpStep 15 default priority dwell value
Ie->ID = 10: /7 OpStep 16 defsult minizum priority dwell in secomds
Ma->tP = (Ue->PE - MoPS)»>3; // OpStep 26 set minimux pool goal
CU = memaet (CU. MM ¥ _WULL. (int) (Me->PE - CU)) // OpStepa 25, 30 and 31 null out heap frox 55 to PE
In->CN = upboteTine() / Get system time
Ma->Th = 4 II aet the Top Assigned Fragment Bank musber
thPer = (FE*) Dm->DB + 1, // pointer to first fragment bank
EKPLr->FY = (FR4) Me->FS // OpStep 37 Set tirat tragment bank, frageent array painter
thPtr—oNE = 1 // OpStep 36 Set Non Eapty fregment ccunter to 1
2ePtr = Mn->B5
sePtr->TL ¥B = 1; // OpStep 36 sllocats first segument and set fragment bank to L
30PLr->SH = Mu->FT ¢ 21200f(FR) // OpStep 29 2ot up the xize of the tragment arrxay
sePtr->¥0 = 1; // OpStep 29 s=et fracture count to I
trPtr = (FR*) ma->P5: // set up s pointer to the first fragment of the new fragment srray
Pty »FU = ARTICLE: (/ OpStep 18 Set fragment atatus to ARTICLE
LrPer->58. 08 = 1. /¢ OpStep 17 Set frageent's self link frageent benk to L
LIPLy-»FW = Mu->FT * 21zeot(FR) // OpStep 23 Set traguent's alze
frPtr->FS = Mu->PS: ¢/ OpStep 20 Fragment's structure sddress points te begin of srray
LIt OSE = Hu-»BS ¢/ OpStep 34 fivat seguant as frogment's aseguent elexent
1t ( _bo == TREE) | /7 OpStep 38 hard boot ~ no NeMOTY fecOvary oY Foft DOOL < recOver Ramory date
MY // OpStep 39 Pecomstitute Meap
1
else |
DB(). // OpStep 32 delete all backup
V), /¢ OpStep 33 delete all virtusl information

Rec_PH = VB(VB_Df_BASE. WVB_MEW, 0x00000000. Me->E@;. // OpStep 27 Update Eala's information
Rec_2X = ¥YR(VE_bf_BASE WO_COIMIT. OxCO000000, Mu->BP) /¢ OpStep 22 Updste Eala’'s informatian
I
return,
) /7 cloae of AC
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Outline

1. Computing Models

2. FPGA Basics 1 functional models

3. Things that FPGAs do really well 1
FPGA Computing Models

4. Sample application mappings

5. What this says about how FPGA-based
computing can advance
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We know wedve suUucce

€ weoOve restructured the pro
works really well on FPGAs A4

Effective computing models:
A Streaming
A Associative computing T broadcast, compare tags
A HW structures i FIFQOs, priority queues, systolic arrays
A Cellular automata, SIMD PEs, Vector processing
A Highly parallel (possibly complex) memory access
A Overlapped parallel structures

Also assumed:

I Explicit memory control, e.g., to swap working sets
I High-bandwidth I/O
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Some Observations

A Most architectures have a single preferred model, FPGAs have many

A FPGA models are surrogates for the component they replace
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Model. Streaming

Characteristics:
A Pass streams of data through a series of arithmetic units

A lterative streaming computation with data beginning and
ending in Block RAMs

Ex: DSP replacement

Ready

[100%

ﬂPuncluwd Viterbi_Decoder M=
Fle Edt View Smulzion Fomat Took Hep
DIEE&E T2 - hEL®» = [Noma -
|Example for implementing Punctured Soft Decision Decoding using Viterbl Decoder
Dapunciure Code 0: [ 10 1] Ingart Symbol: 100 (Weakest 1)
" F 80 | v -
out UFix 3 0 A P UFix 8 0 Depunctute UFix_6_0 >0 UFix dint
8 | to ['!Dv:ldul-: Parallel o
Parallel 1 Coded Seral 1 dout L’"‘;‘ 1
Depuncture Code 1, [1 10] Insert Symbolk 100 (Weakest 1)
J 3 fi 0 J S
ouz UFie_3 0 >l p UFix 8 0 »|Depuncture UFix_ 0. 0 »lo . UFx 3 0 dinz Data Sink
Setlal to r"f""""—"""’ Paallel 1o
Fatallel 2 Lods 1 Senal 2
Matched Vitetbi Decoder
Filtar
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Typical Streaming Scenarios

ﬂPu:clmud Viterbi_Decoder

Fle Edt View Smuztion Foamst Took Hep

DISE&E|) "2 - RmEL®[ > = [Nora ]

[Example for implementing Punctured Soft Decision Decoding using Viterbl Decoder |

1. On-line signal/video processing
I Stream originates from 1/O —2
i Stream processed with computational I e < -

oz | UFe 3 ~d

filters o' o
Farallel 2 Cody 1 Senal2
Matched

Ready 100% loded5

2. Complex computation of large array
I Stream originates in memory

I Stream processed with pipelined
instantiation of computation
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