
HLS Getting Started Guide 
This document describes the Altera High-level Synthesis (HLS) tools. IP developers can use this to 

write and verify hardware components using C/C++ on Linux Centos 6.  

The tools generate Verilog components using Avalon Streaming Interfaces 

(https://www.altera.com/en_US/pdfs/literature/manual/mnl_avalon_spec.pdf ) The Interfaces can 

be automatically inferred or explicitly modeled. 

In addition to generating Quartus components, Altera’s HLS tools support integrated test bench 

generation, execution of components on x86-64 host and in modelsim. 

The generated IP can be simulated in two modes: 

1. Call the Verilog as a regular function call then wait for it to return a result before 

proceeding 

2. Enqueue multiple inputs to run the component in a pipelined fashion (i.e. the component 

will continue to accept new input before returning the result of previous invocations) 

Altera’s HLS tools require Quartus 15.0 and 64 bit Modelsim SE-64 10.3d. 

Install 
1. Set QUARTUS_ROOTDIR_OVERRIDE to the quartus install directory  

ie. /tools/acds/15.0/129/linux64/quartus. 

2. Unpack the hls tarball. 

3. Set ALTERAOCLSDKROOT to the unpacked hls directory root. 

4. Run source init_hls.sh to setup the environment variables 

Compile and Run 
The following code listing demonstrates a small program containing a testbench (main) and a 

component (multiply), in a single file (mini.cpp) 

#include <stdio.h> 

 

int component multiply(int a, int b) { 

    return a*b; 

} 

 

int main(){ 

    int res=multiply(3,9); 

    printf(3 time 9 is %d”,res); 

} 

 

Compile with a++ -march=x86-64 mini.cpp 

Run with ./a.out to execute the  testbench and the component as a regular program on your pc. 

https://www.altera.com/en_US/pdfs/literature/manual/mnl_avalon_spec.pdf


Recompile with a++ mini.cpp to generate Verilog.  Running this with ./a.out will now execute 

the testbench as a regular program and your component in modelsim using the component Verilog 

generated in a.project/a.v.  Details of the compile can be found in a.project/a.log, 

including area estimates and information about the datapath efficiency (initial interval). 

Adding the IP to a Quartus Project 
1. In Quartus, go to Tools->Options, go to “IP Catalog Search Locations” and add the HLS IP’s 

output directory to the search directories. 

2. The HLS IP will now appear as an IP component in Quartus’ “IP Catalog” on the right hand 

side of the GUI. 

3. Generate and add the IP instance to the project as usual. 

 

For more information on IP Catalog, consult the Altera IP Cores user guide 

(https://www.altera.com/en_US/pdfs/literature/ug/ug_intro_to_megafunctions.pdf) 

Adding the IP to a Qsys System 
1. In Qsys, if the HLS IP does not appear in the IP Catalog, add its directory to the IP Search 

Path in Tools->Options. 

2. The IP can be added to the system by selecting it from Project->HLS-><component_name> 

in the IP Catalog as usual. 

 

For more information on Qsys, consult the Qsys chapter of the Quartus Handbook 

(https://www.altera.com/en_US/pdfs/literature/hb/qts/qsys_intro.pdf) 

Examples 
A number of example designs can be found in $AOCLSDKROOT/examples. 

Language and Tool Summary 

 

Supported Pragmas  Description 
unroll N 

unroll 
Unroll N times  
Unroll as many times as possible 

 

 

Language Constructs Description 
component Tells the compiler that this function and everything it calls should be 

generated as Verilog. 
ap_int<N> Arbitrary precision signed integers of width N. 
ap_uint<N> Arbitrary precision unsigned integers of width N. 



Supported Attributes Description 
max_concurrency(n) Ensures that no more than N instances of the execution are in flight 

through the attributed scope at any given time. 
hls_register Specifies that the local variable must be implemented in a register. 
hls_memory Specifies that the local variable must be implemented in a memory.   
hls_numbanks(n) Specifies that the memory that implements the local variable must 

have n banks, where n is a power-of-2 constant number. 
hls_bankwidth(n) Specifies that the memory that implements the local variable must 

have banks that are n-bytes wide, where n is a power-of-2 constant 
number. 

hls_singlepump Specifies that the memory that implements the local variable must 
be single pumped. 

hls_doublepump Specifies that the memory that implements the local variable must 
be double pumped. 

hls_numreadports(n) Specifies that the memory that implements the local variable must 
have n read ports, where n is constant number greater than zero. 

hls_numwriteports(n) Specifies that the memory that implements the local variable must 
have n write ports, where n is constant number greater than zero. 

 

Interfaces (defined in hls.h) Description 
stream_in<typename, param, ...> A template type that describes/represents an 

Avalon Input Streaming Interface for type 
typename. It can optionally be modified with the 
attributes described below. Interfaces of this type 
must be passed by reference to the component . 

stream_out<typename, param, ...> Same as above but generates Avalon Output 
Streaming Interfaces 

 

Interface Parameters  Description 
stream::buffer<N> Insert a FIFO with capacity N on the interface 
stream::readyLatency<N> Maps to the readyLatency Avalon property. Only 

allowed on sink interfaces. 
 

Headers (in $AOCLSDKROOT/include/HLS) Description 
HLS/hls.h Defines the supported interface templates and support 

function. 
HLS/stdio.h Conditional removal of printf so it can be used 

inside components for x86-64. 
HLS/math.h Defines builtins that can be used from components: 

fabsf, fmaxf, fminf, sqrtf, ceilf, 

floorf, truncf ,roundf, fabs, fmax, 

fmin, sqrt, ceil, floor, trunc, round 



Support Functions (defined in HLS.h) Description 
__altera_hls_enqueue Setup a component call, but do not start the 

simulation until a result is required. This 
function can be used to saturate the 
component’s pipeline in simulation. All streams 
must be passed as pointers, both the resulting 
outstream and any parameter that is a stream.  
Compilation to a regular program (–march=x86-
64) does not support stream parameters. 

__altera_hls_enqueue_noret Same as above but for components that do not 
return anything through a return statement. 

__altera_hls_get_sim_time Get the current time of the simulation. 
__altera_hls_get_component_latency Given two timestamps from 

__altera_hls_get_sim_time() (ie. start and end), 
calculate the component’s latency. This function 
compensates for delays in the testbench at the 
start and end of a component invocation. 

  

All Supported Command 
Line Options  

Description of Some Options 

--version  

-v  

--help 

-h 

Prints a more detailed version of this table 

-c Stop after generating object file. 
-o <name> Sets the name of the resulting files to <name>  
-march=x86-64  Every part of the program is generated for execution on x86-64 

machine. 
-march=altera  Generate a Verilog file for the components and a x86-64 executable for 

the testbench. 
--rtl-only Stop after generating a verilog file. 
--cosim Generate verilog and testbench. Only valid for -march=altera. This is 

default action unless --rtl-only is given. 
-g          

-I <directory>   

-L <directory>   

-l<library name>   

-D <name>   

-W          

-Werror     

--family <name> Specifies the device family, the default is "Stratix V". Supported device 
families: "Stratix V", "Cyclone V" and "Arria 10" 

--fmax <Fmax> Instruct the compiler to optimize the circuit for a specific Fmax. 
The default Fmax target is 250 MHz. 

--fp-relaxed  
--fpc   



 

Generated Files 

Name Description 
<source>.o Result of –c compile 
a.out Executable testbench 
a.project Project directory. Contains everything below 
 a.log detailed compiler output 
 a.v Generated Verilog for all components 
 <component>_hw.tcl Wrapper for component. One for each component 
 ip  Directory with submodules 
 Sim Directory with simulation support files 
  

If compiled using –o prog, The executable will be called prog (instead of a.out) the prefix a in 

file and directory names will be replaced with prog (prog.project, prog.v etc.). 

 

 


