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Spectrum of approaches to high performance
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Single Cores Multi-Cores ﬁ?ﬂoarse@iramed Fine-Grained
CoarseGrained assively Massively
CPUs and Dsps  Parallel Parallel
Processor Arrays
Arrays

Programmable Solutions Group ( |nte| l



What 0s I n my

DSPs

A Dedicated single-precision floating point
multiply and accumulators

Block RAMs

A Small embedded memories that can be
stitched to form an arbitrary memory
system

Arithmetic Logic Modules

A Implement arbitrary logic functions

Programmable Interconnect

A Programmable routing that can build
arbitrary topologies
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FPGA Hardware Design

State Machines

Datapaths
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Hardware Design Entry Complexity

Traditional description of these circuits is done through Hardware Design
Languages such as VHDL or Verilog.

Incredibly detailed design must be done before a first working version is possible
A Cycle by cycle behavior must be specified for every register in the design

A The complete flexibility of the FPGA means that the designer needs to specify all aspects
of the hardware circuit

Y Buffering, Arbitration, IP Core interfacing, etc
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Why OpenCL on FPGAs

Intel FPGA SDK for OpenCL is an
LLVM-based compiler that raises the
level of abstraction for FPGA design
to make it accessible to more people.




FPGASs vs CPUs

FPGAs are dramatically different than CPUs
A Massive fine-grained parallelism

A Complete configurability

A Huge internal bandwidth

A No callstack

A No dynamic memory allocation

A Very different instruction costs

A No fixed number of program registers

A No fixed memory system

A Much more flexibility with data types




Targeting an Architecture

In a CPU, the program is mapped to a fixed architecture
In an FPGA, there is NO fixed architecture

The program defines the architecture
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1. Computation in Space



A simple 3-address CPU

il

PC — Fetch
Instruction
Op
Val

il

LdAddr

Load

A 4

LdData

Store

Programmable Solutions Group

Registers
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Load memory value into register

LdAddr LdData StAddr
PC Fetch : Load » Store
T stbata
Instruction Op
Op Registers |
| Aaddr ALU !
— > ! !
A ! " ! C
Val | “ Baddr P " i
! —\/ 1 '
Caddr B
e
CWriteEnable CData T

Op'
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Add two registers, store result in register

il I

LdAddr LdData StAddr
PC Fetch » Load » Store
T stbata
Instruction Op
Registers
Op g : """""""""""""""" i """" i
| Aaddr ALU
: R ,
—
Val | “ Baddr A g C
Caddr B
=
CWriteEnable CData 7 TTTTTTTTTTTTTmTTTTommmTooo
Op
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A simple program

Mem[100] += 42 * Mem[101]

CPU Iinstructions:
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RO a Load Mem[100]
R1a Load Mem[101]
R2 a Load #42

R2a MulR1, R2

RO a AddR2, RO
Store RO A Mem[100]




CPU activity, step by step

RO& Load Mem[100] . 4 g@

| Time
R1a Load Mem[101] ‘:1, gl:ﬂ
y 1
L
R2 a Load #42 ~W

R2a MulR1, R2 h 4 B tm
g 2 v
P
1l

LA I
Store ROA Mem[100] 77 R:D/IL I
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