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What Is the C2H Compiler?
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What Is the C2H Compiler?

B A productivity tool to automatically create
| hardware accelerators from ANSI C code

main ()
{ ...variable declarations...
init();
C2H
Coprocessor while (lerror && got_data())
(d_transform) {
do_user_interface();

gather_statistics();

if (got_new_data())
d_transform(in_buf, out_buf);

check_for_errors(); i

1
| 5

Program Data Data
Memory i Memory Memory

}

cleanup();




Nios Il C2H Compiler Overview

B Compiles performance- Cl |
. , :
critical C code into fast SRS
hardware accelerators ove Ach%Igirgtor -
In FPGA

B Integrates accelerators into
Nios Il system

B Links accelerators into
Nios |l software build

process
$ $ $

B Boosts performance by 10X rmlor Sutier Fabris
or more for many F

applications Data In N,




Traditional Processor Acceleration
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Potential Issues With Power, Board Layout,
Memory Speed, Device Cost, and Availability
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Transfer Processing to Hardware
Highly Effective, Minimal Impact to System




What Does C2H Do?

B Generates a custom hardware
accelerator from an ANSI C function.

v CREESEN -

13 43
14
15int do dma({ int * restrict  dest ptr,
15 int * restrict  source _ptr, =
17 int length ) L)
154
18 dint 1i:

z0

21 for{ i = 0; i < (length / 4); i++ )

22 1

23  vdest _brr++ = ¥zource _PLE++;

24 i

25 return{ 0 ):

26

27

1|

DEL]
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Hand-Crafted Accelerator vs. C2H

Compiler
Standard Flow C2H Compiler Flow
B Profile code B Profile code
® |dentify bottlenecks B |dentify bottlenecks
B Repartition memory B Repartition memory
B Create/modify an accelerator g Select code
— HDL : -
® Design - nght-cllck to accelerate
® Simulate — Build
— C wrapper B Repeat based upon results
® \Write function
® Test

® Re-build C code
— Import into SOPC Builder

Repeat based upon results
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~ Anatomy of an Accelerator

W Multiple master ports to memory

— Handles pointer dereferencing

— Pipelined logic

— Matched to memory latency

— Sustain extremely high memory bandwidth

m Slave port for CPU control
— Registers for parameter passing and synchronization

B Software wrapper
— Replaces function call

Processor Access
(Read / Write)

Read Write

Master Master
Hardware

Accelerator :
Read Write

Master Master




C2H Compiler Key Facts

B C2H Compiler accelerates ANSI C code
— No new language to learn

B Aimed at accelerating a critical function
— Not whole software design

M Relies on Nios Il processor
— Built into system with SOPC Builder

B Used within Nios Il Integrated Development

Environment (IDE)
— Build your application software
— “Point and accelerate” critical functions

NA N



ANSI| C Language Support

M All data types

B All operators SECO{*;EDN

B All control-flow constructs

B All looping constructs
B Macros PROGRAMMING
B Function calls o Sk ol

B Pointer and array access mééﬂ“%ﬁ%w




Dramatic Performance Boost

S0x B Performance boost B Additional system resources with acceleration

45X 43X
41x

40x1
35X
30x1
25X
20X
15x:
10x:

OX+

Autocorrelation Bit Allocation Convolution
Encoder




Advanced Productivity Tool

B Automates creation and integration of hardware accelerators
B Intuitive user interface streamlines C acceleration

B Fully integrated with Nios Il IDE

M Tool license costs $2,995

#include "b

Right-Click fo
Accelerate

alt u32 pi
alt u32*

write ptr




How Does It Work?
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Step 1: Identify Software Bottlenecks

main () h
{ ..variable declarations.. i
init () ;
while (!error && got data()) |
{

do user interface();

gather statistics();
1f (got new data())

d transform(in buf, out buf);
check for errors();

}

cleanup () ;




Step 2: Right-Click to Accelerate

Inido Zhr{+-2
Revert File 1
maln ( ) Cut Chrl+3 h
' ' Copy ChrlH-C
| { ..variable declarati ey
init () ; shit Righ |
Shift Left
Commenk Chel+f
. IIncammenkt ChEl4,
while (!error && go
Content Assisk Ckrl+Space I
{ Add Include Ctrl+-Shift-+N
Forrnak Ckrl+Shift+F

do user 1nterface  showinCict+ Projecs

. . f b
gather statistics
. - Cpen Declaration F3
if ( go t new data ( Open Type Hierarchy F4

&l Declarations L

d transform [ER:YRTFEIEEE b

check for errors (“lwre

T Resumne At Line

}

cleanup () ;

xﬂ &dd Watch Expression. ..

Hardware Acceleration




Color Filtering Demonstration

iInput.omp Color Filtering (RGB) output.omp

B Demo
— Image color filtering
— Algorithm applied to every pixel (RGB)

B Critical path
— Color-filtering algorithm
— Accelerated via C2H Compiler

B Timer measurement

— Indicates time taken by softwarevs ,
C2H acceleratlon




Step by Step: Building the System

FPGA Hardware Nios Il Software
|

= 9 BRAccelerator : | |

imer
e | § e L o R

SDRAM § = B} cpy £ : =l Algorithm [ Library
Controller§ = B K g |

n : Debug | O _ 4

FPGA = =======- Nios Il IDE

B Base system hardware
—  Already built in SOPC Builder
B C2H Compiler demonstration r
1. Create software in Nios Il IDE 1

2. Accelerate system performance with
C2H Compiler




C2H Compiler Integration

Software Hardware

Nios'1I o’ : :
|DE INTEGRATED DEVELOPHE Right Click to JAcGE dﬂld@lsFun

SOPC
Builder

Concept to System in Minutes

ENVIRONMENTjY

v v v
[ Foo.c }[ Bar.c }[ Fn.c } [Achn.c I@
% 4 4

\AA
Compile
and Link

}
S

|
\

QUARTUSY

-

, FPGA
Executable Configuration
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C2H Compiler Controls

JC/C++ - run_filter.c - Nios II IDE

File Edit Navigate Search Run Project Tools Window ﬂe\p

(Rl 2 @ lEr0or@~ @y G~ v |
W Global controls to (@i & =Olomme (2 s :
i?; o i b ) p 1 2l
3% coh_demo_0 izlvn1ﬂ run filter (alt_u32*® _ restrict__ pixel ptr, alt_u32® last_pixel]
- - @ < Binarles 13( alt_uf temp: J
B brop_file td Armaezesveiee. wrive_pue
[ colour_filter ¢ 17 - - - -
=-[8 demo.c 18 write_ptr = pixel_per:
[8 load_file.c 13
& run_filter.c 2? ?n
@ save_file.c 22
12 _application st 23 write ptr = pixel per: —lLI
. »
Problems | Console ‘ Properties m — 0 =
j_-} }E\ = = Refresh -
Refresh
=12 c2h_demo (Debiug)
-0 Use software implementation for all accelerators ion

-0 se the existing accelerators
-0 Analyze aII accelerators

~ O Build software, geﬁerate SOPC BLuIder system, and run Quartus 11 compilation
= run_filter()

O Ise hardware accelerator In place of software implementation
O Use software implementation

& Build report

i (= SUmmary
(= Glossary

= Resolrces
i-= Performance

@ se hardware accelerator in place of software implementation. Flush data cache before each call,

eta cache before each call,




B SOPC Builder

— Connects CPU, accelerator, and
memory

— Understands pipeline
depth for scheduling

B Avalon interconnect fabric

— Resolves pointer dereferencing
— High bandwidth interconnect
— Parallel memory access

“Secret Sauce” Behind C2H Compiler

Hardware
Accelerator

|



C2H Compiler “Under the Hood”
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Controlling Logic Generation

B “What you type is what you get”

B Every arithmetic operator you type

— Makes equivalent hardware unit in accelerator
® Examples: *, +, %, >>

— Some arithmetic requires zero logic (wires)
® Examples: y = x << 3, x &= Oxf;
B Control-flow statements generate control state

machine

B Pointer and array references create pipelined
master interfaces to memory




Example: Arithmetic Hardware

] 1-32x32=64 multiplier
B 3 - 32-bit incrementers
" 1 - 64-bit adder

long long MAC
(int *a, int *b, int len)

{
long long result = 0; B 1 - 32-bit comparator
(len B 0) { _| 2 - read-masters
result = *a2 * *pE0. B Nominal control logic
/4
1en-° State 0
14
Loop setup State 1
} State 2
State 3
return result; —
} Loop State 5
State 6
State 7

23 {SOPC
al WORLD



Example: Controlling Implementation

{

void vector function ()

long long x, y;

int *a,*b,*c,*d;

int len;

<.. Various set-up ..>

while (<loop-condition>) ({
<..loop overhead..>
while (len-- > 0) {
X += *a++ * *b++4;
y += *c++ * *d++;
}

<.result-saving..>

}

M 1 accelerator unit created
— Incorporates all arithmetic

W2 *s typed

— Creates 2 multipliers

H Control flow
— X and Y computed in parallel
— Y does not need to wait for X

B Faster unit, more hardware

vector function

Accelerator module



Example: Controlling Implementation

void vector function ()

{
long long x, y;
int *a,*b,*c,*d;
int len;
<.. Various set-up ..>

while (<loop-condition>) ({
<.loop overhead..>

X
Yy

MAC (a, b, 1len);
MAC (c, 4, 1len);

<.result-saving..>

M 2 accelerator units created
— vector function

— MAC

B MAC unit is shared
— Only 1 multiplier (MAC)
— Used twice

B Control flow
— Y esult waits for X result

vector_function
Accelerator module

MAC
Sub-accelerator
Module




Basic Data Dependencies

int foo(int a, int b, int c¢)

{

int x ,y, zZ; a b .
X =a * b; \\\\\\(//////\\\\\\\(/////
y = b * c;
z=x+ ys x=a*hb y =b * ¢ State 1
return z; T~
}
zZ =X +y State 2
s | ﬂ
States assigned directly return z State 3 . |

from the dependency
graph

'




Performance/Resource Report

B Accelerator data
— Hardware used

— Loop latency

— Clocks per loop
iteration

— Algorithm scheduling

Console |Properties m

== czh_demo_0 (Release)
0 Use software implementation for all accelerators
------ O Use the existing accelerators
R -\alyze all accelerators
------ O Build software and generate SOPC Builder systemn
-0 Build software, generate SOPC Builder system, and run Quartus 1T compil:
& rum_fi Iter ()

@ Use hardware accelerator in place of software implementation, Flush d

O Use hardware accelerator in place of software implementation

0 Use software implementation

=2 Build report

B SUMMmary

- (= Clossary

== Resources

w1 About Resources

-G The accelerated function requires 2 Masters,

- The accelerated function requires 2 Multipliers.

== Performance
i i About Performance

B Eb The accelerated funct|on containg 1 Ioop




- Sequential Operation

- W Software calls hardware accelerators sequentially
| — Processor must wait for accelerators to finish
— Reduces benefit of dedicated hardware

main ()
{ ..variable declarations..
init ()
while (l!error && got data())
{
do user interface();
gather statistics();
if (got new data())
edge_detect(in_bufl, out bufl);

image rotate(in buf2, out buf2);

check_for_errors();

}

cleanup() ;




\
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Concurrent Operation

B Software calls accelerators as threads
— Each accelerator runs concurrently
— True multitasking system (CPU, hardware accelerators)

{

main ()

..variable declarations..
init (),

message queue* msg;

thread start (&edge detect, msg);
thread start (&image_rotate, msgqg);
thread start (&gather statistics, msg);

while (!msg->done()) { sleep();}




C-based Industry Partnership
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Best of Altera and Partner Technologies

B C language design tools available today from
Industry-leading suppliers
o
Celox'call ”n_m"i;;z 20SEHDO

Software
acceterated technologies gn Systems

B C-based design initiative

— Open application program interface (API) for Altera®
system generation tools

® SOPC Builder

® C2H Compiler

— Technology sharing and joint development

® “Right-click to accelerate” for ESL partner
tools from within Nios Il IDE___
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Summary.

)e(SOPC

WORLD



Nios Il C2H Compiler Offers

® Performance
— Boosts overall FPGA computing performance

— No increase in clock frequency

W Productivity

— Generates and adds hardware accelerators
automatically

— Results in substantial time savings
— Supports existing tool chain

Altera Is Driving Innovaftion
With System-Level Design Tools
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