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Inputs:

• C/C++/LLVM IR
• Frontend compilation through GCC or Clang

• Support for STL-like C++ structures

• Support for fixed-point HLS types

• Command-line optimization directives 
and constraints, pragmas

• Library of functional units 
characterized  for each target
• Performance estimation essential for 

scheduling and optimization

Bambu: a modern HLS tool
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Bambu: a modern HLS tool
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Outputs:

• Synthesizable Verilog/VHDL
• Target-specific

• FPGA targets from AMD/Xilinx, Intel/Altera, 
Lattice, NanoXplore

• ASIC targets thorugh OpenROAD
(Nangate45, ASAP7)

• Automatically generated testbench
• RTL simulation with Verilator/Modelsim/XSIM

• Scripts for logic 
synthesis/implementation
• Vivado/Quartus/Diamond…



Inputs and outputs
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unsigned short icrc1(unsigned short crc, 

unsigned char onech)

{

int i;

unsigned short ans=(crc^onech << 8);

for (i=0;i<8;i++) {

if (ans & 0x8000)

ans = (ans <<= 1) ^ 4129;

else

ans <<= 1;

}

return ans;

}

icrc.c

bambu icrc.c --top-fname=icrc1



Inputs and outputs
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unsigned short icrc1(unsigned short crc, 

unsigned char onech)

{

int i;

unsigned short ans=(crc^onech << 8);

for (i=0;i<8;i++) {

if (ans & 0x8000)

ans = (ans <<= 1) ^ 4129;

else

ans <<= 1;

}

return ans;

}

icrc.c
module icrc1(clock,

reset,

start_port,

crc,

onech,

done_port,

return_port);

// IN

input clock;

input reset;

input start_port;

input [15:0] crc;

input [7:0] onech;

…

icrc1.v

No interface generation option requested – simplest control + input/output wires



Commonly used options
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bambu icrc.c –-top-fname=icrc1

--clock-period=5 

-v4 

--device-name=xcu280-2Lfsvh2892-VVD

… and more: 
https://panda.deib.polimi.it/?page_id=1061

Mandatory

ns, default: 10

from 0 to 6, very 
useful

default: Zynq7000

t

https://panda.deib.polimi.it/?page_id=1061


Graphical FSM representation
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unsigned short icrc1(unsigned short crc, 

unsigned char onech)

{

int i;

unsigned short ans=(crc^onech << 8);

for (i=0;i<8;i++) {

if (ans & 0x8000)

ans = (ans <<= 1) ^ 4129;

else

ans <<= 1;

}

return ans;

}

icrc.c

bambu icrc.c --top-fname=icrc1

--print-dot



Graphical FSM representation
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unsigned short icrc1(unsigned short crc, 

unsigned char onech)

{

int i;

unsigned short ans=(crc^onech << 8);

for (i=0;i<8;i++) {

if (ans & 0x8000)

ans = (ans <<= 1) ^ 4129;

else

ans <<= 1;

}

return ans;

}

No loop unrolling

One state = one 
clock cycle



Graphical FSM representation
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unsigned short icrc1(unsigned short crc, 

unsigned char onech)

{

int i;

unsigned short ans=(crc^onech << 8);

for (i=0;i<8;i++) {

if (ans & 0x8000)

ans = (ans <<= 1) ^ 4129;

else

ans <<= 1;

}

return ans;

}

Full loop unrolling

One state = one 
clock cycle



RTL simulation
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unsigned short icrc1(unsigned short crc, 

unsigned char onech)

{

…

}

unsigned short main()

{

unsigned short crc = 245;

unsigned char onech = 5;

unsigned short res = icrc1(crc, onech);

crc = 134;

onech = 3;

res += icrc1(crc, onech);

printf("res = %d\n", res);

return res;

}

icrc.c testbench.c

bambu icrc.c –top-fname=icrc1

–-generate-tb=testbench.c

--simulate

Total cycles : 2 cycles

Number of executions : 2

Average execution : 1 cycles



RTL simulation

Serena Curzel, Politecnico di Milano 1222nd April 2026

bambu icrc.c –

top-fname=icrc1

–-generate-

tb=testbench.c

--simulate

Total cycles : 2 

cycles

Number of 

executions : 2

Average execution

: 1 cycles



RTL simulation & synthesis
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bambu icrc.c –top-fname=icrc1 –-generate-tb=testbench.c

--evaluation

Slices               : 10

Luts : 27

Registers : 23

Frequency            : 321.95750160978753

Total cycles : 20 cycles

Number of executions : 2

Average execution : 10 cycles



Interfaces
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Interfaces
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#pragma HLS interface port = v mode = m_axi offset = direct

#pragma HLS interface port = n mode = m_axi offset = direct

int sum(int* v, unsigned* n)

{

int sum = 0;

for(unsigned i = 0; i < *(n); i++)

{

sum += v[i];

}

return sum;

}

Example: AXI4

module sum(clock,

reset,

start_port,

v,

n,

m_axi_n_awready,

m_axi_n_wready,

…

m_axi_v_awready,

m_axi_v_wready,

…



Interfaces
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/* AXI pragmas */

#pragma HLS interface port = a mode = m_axi offset = direct bundle = gmem0

/* Cache pragmas */

#pragma HLS cache bundle = gmem0 line_count = 16 line_size = 16 bus_size = 32 ways = 1 

num_write_outstanding = 2 rep_policy = lru write_policy = wt

Example: AXI4 + caches

module IOB_cache_axi(clock,

reset,

flush,

dirty,

valid,

addr,

wdata,

…

107.8x speedup on matrix multiplication!



Frontend options
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--compiler=I386_GCC/CLANG -O<level>

-f/-fno

Any other GCC/Clang option

Also: --experimental-setup=<setup> as aggregation of multiple options:
BAMBU-AREA(-MP)

BAMBU-BALANCED(-MP)

BAMBU-PERFORMANCE(-MP)



HLS options
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--pipelining,-p=<func_name>[=<init_interval>]

--register-allocation, --module-binding, 

--parametric-list-based, --speculative-sdc-scheduling

--memory-allocation-policy



Arithmetic options

Serena Curzel, Politecnico di Milano 1922nd April 2026

P
o

ss
ib

ly
u

se
fu

l

Ex
p

er
t 

u
se

 o
n

ly

--fp-format=<func_name>

*e<exp_bits>m<frac_bits>b<exp_bias>

<rnd_mode><exc_mode><?spec><?sign>

--hls-div, --hls-fpdiv



Backend options
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--simulator, --generate-vcd

--mem-delay-read, --mem-delay-write



Thank you!



Backup slides



Bambu quality of results
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CHStone: speedup and area consumption over commercial HLS tool across 
different Bambu configurations.

Latency is measured in ns (clock cycles * achieved period post-implementation). > 1 is better.

Area is measured in Equivalent LUTs (BRAMs * 40 + DRAMs * 40 + DSPs * 40 + Registers * 0.5 + LUTs). < 1 is better.



Bambu quality of results
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Pareto plots (Latency vs. Area) for selected benchmarks. 

Points marked with x are dominated.



Bambu quality of results
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Other benchmarks + raw data at:

https://github.com/ferrandi/PandA-bambu/wiki/Quality-of-Results

https://github.com/ferrandi/PandA-bambu/wiki/Quality-of-Results
https://github.com/ferrandi/PandA-bambu/wiki/Quality-of-Results
https://github.com/ferrandi/PandA-bambu/wiki/Quality-of-Results
https://github.com/ferrandi/PandA-bambu/wiki/Quality-of-Results
https://github.com/ferrandi/PandA-bambu/wiki/Quality-of-Results
https://github.com/ferrandi/PandA-bambu/wiki/Quality-of-Results
https://github.com/ferrandi/PandA-bambu/wiki/Quality-of-Results
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