Introduction to
High Level Synthesis (HLS)



What is High Level Synthesis (HLS)? [ bevelop with

¥
* User develops FPGA logic with C++ | Debug Clogic

with simulation
—

Automatic HDL

- generation
version of C++ 3

Debug auto
»HDL module becomes a generated HDL

with simulation
* User generates firmware with the — ¥

»HLS automatically creates HDL

Make firmware

S A
Debug firmware




Difficulty with HLS
* C++ was not developed for FPGAs

» Missing features: Arbitrary bit size, parallelized logic, ...

»Need to create new C++ syntax to be able to handle missing
features. Only used in HLS.
ap_1nt<N> used for arbitrary bit size

“*#pragma used for handling parallelized logic

\/
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Data type: Arbitrary Precision integers

* C++ only provides limit set of integer types

»char (8 bits), short (16 bits), int (32 bits), ...

*HLS types library » |#include <ap_int.h>

ap_uint<9> x; // 9 bit unsigned
ap_1nt<10> x; // 9 bit signed

»Has templatized class

> Variable inside <N> is



Data type: Arbitrary Precision integers

. ap_fixed< #include <ap_int.h>

// 9 bit unsigned, 5 bit fraction
) ap_ufixed<9,4, , > X;

s |// bit unsigned, 7 bit fraction
ap_fixed<ll,4, , > Y;

Rounding mode: AP_TRN ( =truncation), AP_RND, ...

Overflow mode: What to do when number goes above number of bits.
AP_WRAP: Just removes MSB bit. Doesn’t use resources.
AP_SAT: Saturate values to min and max possible bits.



Designing multiple HDL modules with C++

* C++ functions usually translated to HDL modules.

» Arguments of functions become ports of HDL module

TOP

void A(Cargl, argZ) { .. } A B arg4
void C(Carg3) { .. }
void B(arg4) { CC.); } ‘ > Tﬂ

void TOP() { A(C.D; B(C.D; }

Translation
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C++ arrays in HLS
*HLS assumes that C++ arrays are a

lap_uint<16> higgs[4] |

<

memory component.

* Default memory component is BRAM. 0 | higgs[o
>If we use only one input address ports. 1 [ Pieesll
2 higgs[2.
Cannot work

void foo(m[2)....) { — 3 h |gg5 3

ro | Bo | cwp zﬁzgiid;ur?f ] ::p RD | RO | cmP D t
X [ ] S = Address ata

4”_=1>\R( RD CMP- } T’ RD | RD CMP- Memory
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C++ arrays in HLS

* Array memory can be split up into parts.
»block, cycle: Use BRAM, but

split array data.

0

1

2

. N-3

N-2

block

cyclic

Figure 57: Array Partitioning
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»complete: Use CLBs instead

(LUTs) for the memory. Can

access any LUT any time.
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C++ arrays for interface of TOP function

* C++ TOP function can have array as argument

‘void top (ap_uint<l6> input[4]; ap_uint<l6> output);‘

*HLS assumes the input array is a memory chip giving

data to function. - |
RAM Data ‘mpUt‘ TOP ‘OUtpUt‘




Loops in HLS * A loop with multiple

*A C++ loop can be o
statements can be pipelined.

translated to many  vwesreenns win Pipeining

Loop:for(i=1;i<3;i++) {
op_Read; RD

op_Compute; CMP

types of HLS loops l \ / l

Can be set with

*Some loops can

Initiation Interval = 3 cycles #p r'agma Initiation Interval = 1 cycle
- > -«
be pipelined
nOt e plpellne RD CMP- RD CMP- RD | CMP
RD | CMP
while CCI I = b) { - > - >
1 'F CCI S b) q -= b , :atency = 3 cycles _ :atency = 3 cycles _
e]_ se b -= (d.: ; Loop Latency = 6 cycles Loop Latency = 4 cycles
¥
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Loops in HLS (Unrolling)
*Some loop code can be done totally in parallel.

»They can be “unrolled”. Default in HLS is rolled loops.

Iterations

>
Rolled Loop Partially Unrolled Loop Unrolled Loop

o Read b[3] Read b[2] Read b[1] Read b[0] Read b|[3] Read b[1] Read b|3]
§ Read c[3] Read c[2] Read c[1] Read c[0] Read c[3] Read c[1] Read c[3]
© Read b[2] Read b[0] Read bf2]
§ -« ] +« ] +« J ¢ | Resdcl2]  Readclo] Read 2]
Writeals] | Writeal2l | Writeal1] | Write alo] _ Read bl1]
N Read 1]

N Read bjo}

Read c[0]

| Writeal3] | Writeal1]
| Writeal2] | Writeal0]
for (int i20; i<4; i++) {

ali] = bLi] * cfi] s
}. Write al1]

Write a[0]

\J
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Concepts/Terms that HLS uses

*|teration latency: Same as

pipeline Iatency ) Iteration Latency = 60
A B C

*|nitiation Interval (I1): Number | .., . TR
of clock cycles for new input. A

Total Latency = 100

*There is also total latency New input
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Ti m i n g O pti m izat i O n i n H LS Figure 6: Sequential Execution - Two Runs

time

* Let’s say we have below ~EN-EN-Els 0 « o[ W o

A(ln Cl, OUt CZ, OUt C2) Figure 7: Task Parallelism within a Run
B(in C2, out C4) time

C(in C3, out C5) ,_“{=} SN
D(in C4, in C5, out C5) -

Figure 8: Task Parallelism with Pipelinin
e Many ways of ’ e

time

implementation... n{=} 0l -

* Set using #pragam i i
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What does HLS need to make HDL?

* C++ function/module source files

* C++ testbench source files

* Configuration of project: FPGA model, clock freq., ...



What can HLS do?

* C++ simulation: Using testbench C++ code, simulate C++

function code.
* C++ synthesis: Translates C++ into HDL

* C++/HDL co-simulation: Using stimuli and golden output

from C++, compare with HDL simulation output.



C++ simulation

 Need to write function file.

*Need to write testbench file. I::>

R Tvads1t
ap fixea<ls

*Simulate! FinCe_in.

INFO: [vitis-run 60-791] Total elapsed

C-simulation finisl \
INFO: [SIM 211-210] Code Analyzer finished
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FFN function file -

e Feedforward network

with 2-8-1 node

structure.
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C++ synthesis
* Can change HLS C++ code to HDL.

MODULES &
LOOPS

LATENCY(CYCLES) LATENCY(NS) INTERVAL

10

ffin 0
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C++/HDL co-simulation

* Compare between HDL output with golden output.

INFO: [Common 17-206] Exiting xsim at Thu Au
INFO: [COSIM 212-316] Starting C post checl

GoodINFO: [COSIM 212-1800] *** C/RTL c«

* Also shows latency

v Performance & Resource Estimates

MODULES &

LOOPS MIN II AVG LATENCY MAX LATENCY MIN LATENCY TOTAL EXECUTION TIME

ffin 1 1 1 10 10 10 11
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Make into IPCore

INFO: calling package_
INFO: Copied 1 ipmisc
INFO: Copied 10 verilog
INFO: Copied 1 f
ipx::create ¢

INFO: [Import
INFO:
INFO:
INFO:JAdd ap_ctrl interf
INFO:JAdd data interface
INFO:|JAdd data interfacs
INFO:JAdd data interface
INFO: _Flow 19-7254]
INFO: _Flow 19-1704]
INFO:

INFO:

INFO:

INFO:
INFO:
INFO:
INFO:
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Make into IPCore
e After adding your HLS

IPCore repository to

Vivado

*You can use your IP In

Vivado!

Customize P
Ffn (1.0)
© Documentation ' IP Location C switch to Defaults
Show disabled ports Component Name ffn_0

|| - _ctrl

- p_do

-1 p_idl

- p_re e

-1 p_st _t[l_ ]

- Ik Y

- st

- [17:0]

- [17:0])

CCCCC



*How much did you understand? www.kahoot.it



