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Abstract: Design-Verification (DV) has been a highly expensive and a heavily time-consuming part of System on Chip 

(SoC) design flow. DV challenges lie in quality of IPs, interconnections, quality of verification vectors, runtime, timeline, 

tools and methodologies. We propose a solution here to accelerate the DV cycle and improve the quality of verification 

using PSS over configurable SV-UVM testbench methodology. We used this methodology over PCIe subsystem which 

has multiple PCIe controllers of varied configuration. It helped in running the controllers concurrently. This 

methodology also helped in generating more test vectors and cover more corner cases within the same duration.  

 Keywords— PSS, Concurrent Functional Verification, Acceleration of SoC Verification. 

 
I.  Introduction 

 
As the design complexity grows, the DV challenge also grows and verification becomes the most time-

consuming part of SoC design flow. In a complex SoC with multiple PCIe IPs that support dual mode, varied 

speed support and link width variations, it’s hard to create virtual sequences for concurrently accessing or 

synchronizing multiple links. Addition of a PCIe controller required multiple testbench files to be modified in the 

old testbench structure. With PSS (Portable test and Stimulus Standard) tool along with configurable testbench 

approach, provided solution to these challenges. It also helped in generating many test scenarios for the coreless 

SoC environment for multilink PCIe subsystems. 

 

This methodology helped in automating an entire process of manually developing complex system level 

coverage driven tests to verify PCIe subsystems in a System on Chip (SoC).  

 
As many parts of SoC logic are common and keeps inheriting legacy features in subsequent versions, these 

can be captured in the PSS model library and can be reused.  

 

This paper proposes a solution to architect PCIe testbench using UVM methodology such that the complete 

environment will be capable to run all PCIe controllers concurrently and will be more scalable for the future. User 

can have more control on variables like number of links, link width, supported speed, supported mode (RC/EP) 

of operation, so that an environment can be setup from command line and user sequence will be common across 

all controllers, meaning it will be more configurable and reusable. This paper also proposes a solution for 

integration of PSS methodology over UVM testbench and their use model. 

 

This paper will be covering below points:  

 PSS: Nuts & Bolts 
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 Test Creation Flow 

 PSS Integration in UVM Testbench and Test Execution Flow 

 Unified Configurable Testbench 

 Result Comparison 

 

In summary these topics will guide you through the need for configurable testbench for PSS, how to create and 
execute a PSS tool generated test and the advantages of using this methodology. 

 

II.  PSS: Nuts & Bolts 
 

PSS provides an environment to develop wide range of test scenarios at a higher level of abstraction in a user-

friendly fashion. It helps in porting stimulus to different levels of chip verification methodology. In this case the 

PSS model is integrated into PCIe subsystem verification environment of a coreless SoC UVM testbench. In this 

PCIe subsystem there are multiple PCIe controllers. The PSS model library was developed based on the features 

supported by PCIe IPs like system configuration, PCIe configurations and leaf level configurable tasks and 

functions such as Inbound/Outbound MemWrite/MemRead transactions. Platform binding info is also required. 

This information is provided as input to PSS model to develop test scenarios. The tool provides a GUI support 

with fields for selecting the inputs to develop scenarios. 

 
Design Inputs to PSS Methodology 

 

 
 

                                                           Figure 1 – PSS Methodology 

 

The user needs to prepare and give inputs to PSS as below. 

 

 System Cfg Information: System configuration information like processor or driver (e.g. AXI-

VIP/PCIe-VIP) and system memory information (DDR address information of inbound/outbound) 
corresponding to each controller were provided in an excel format. 

 

 PCIe Cfg Information: PCIe configuration information like which mode (RC/EP), link width, max. 

supported speed and all other supported features corresponding to each controller were provided in an 

excel sheet. 

 

 TB Task Implementation: Customized leaf level configurable tasks, functions and sequences which 

can be called from PSS. This required more parametrized modelling of existing testbench.  The higher-

level parametrized tasks call the lower-level tasks down the line internal to testbench environment. For 

example, outbound_write_mem (link_num, addr, size, data, dut_device_type) is a leaf level task in the 

TB that can be accessed from PSS. Note that all these arguments are configurable from PSS tool. Hence 
our testbench was added with parametrized tasks/functions and sequences. 

 



 Platform Binding:  PSS supports different platforms such as C, SV-UVM. SV-UVM binding is used 

in this case.  

Some of the built-in features provided by the tool are: 

 

 DPI:  Direct Programming Interface (interface for System Verilog – C function calls) 

 
 PSS Lib: These are built-in PSS libraries provided by the tool which has support for basic data 

transactions. The basic constructs of the library are actions and objects. 

 

 Checker & Solver: Correctness of the input parameters for scenario generation is checked and solved 

by the tool. If any inconsistency in inputs, the checker will report error. 

 

 Auto Completer: Generates consistent scenario that conforms to model rules (System & PCIe 

Configuration) and satisfies all constraints. So, user is given a choice of setting few parameters and 

remaining can be taken care by the tool if needed. 

 

PSS provides the following building blocks that help in creating models and scenarios. 

 
 Scenario Modelling: Modelling different legal value-based scenarios automatically over the user given 

base scenario with the user given input of the fields and range in the excel sheet. Scenario generated here 

is a ‘C’ testcase. For example, a base scenario can be Inbound_Outbound_Write_Read. Over this all the 

legal value-based combinations of scenario can be generated using PSS. For e.g., DUT in RC mode or 

EP mode, link width variations, speed variations etc can be obtained with the same base scenario. 

 

 Scheduler: It takes care of scheduling activities using activity constructs like parallel, sequence etc. 

 

 Implementation Mapper: PSS actions’ exec blocks are mapped to the existing SV-UVM 

implementations. 

 
The resultant outcome from the PSS would be 

1. C-virtual sequence: Tool generated C code will act as virtual sequence for the UVM test. 

                                This becomes the scenario sequence driven by the SV-UVM TB. 

 

2. Gen-time Coverage: A tentative coverage info is provided once the scenario is generated, which can be  

                                  analysed instantaneously. 

 

3. C-SV-UVM Integration Files: Tool generated files for simulation platform binding. Used by the tool. 

 

 

III.     Test Creation Flow 

 

 
 

                                                    Figure 2 – Test Generation Flow 

 
Testcase generation and running it follows the steps given in the Figure 2. 

 

 



1. Create the model: Using PSS we created a base model for each given scenario. The base model is loaded 

to the composer tool to develop scenarios. A sample base scenario model is provided below 

 
... 

.. 

action dual_link_inbound_outbound_write_read { 

           >sequence { 

             >parallel { 

               >plan { 

                >pcie_config: pcie_config { 

                              .rp_tag == RP0; 

                              .lane_num == 1; 

                              .lane_speed == gen2; 

                             }; 

                             link0_rc_mem_write : rc_mem_write; 

                             ... 

                             link0_ep_mem_read : ep_mem_read; 

                             bind (pcie_config...   link0_rc_mem_write.in_conf); 

                             ... 

               >plan { 

                >pcie_config: pcie_config { 

                              .rp_tag == RP1; 

                              ... 

                             } 

                             link1_rc_mem_write : rc_mem_write; 

                             ... 

                             link1_ep_mem_read : ep_mem_read; 

                             bind (pcie_config.out_conf,   link1_rc_mem_write.in_conf); 

                             ... 

};             
 

2. Compose and Solve: Using the PSS tool the base models were constrained to generate different kind of 

scenarios.  The solver and checker in the tool helped in creating various scenarios by constraining the 

fields in both user choice and auto-filled fashion. We could develop a variety of legal value combinations 

for all the controllers present in the subsystem. A skeleton of modelled scenario can be seen in Figure 3. 

 
3. Test Generation: Generated scenarios were in ‘.c’ format. PSS also provides gen. time coverage to get 

an approximate coverage info.  

 

4. Running Simulation: The generated scenario (.c) gets included in the file list with the generated test 

directory. The support files in the test directory enables the ‘C’ code to act as virtual sequence for the 

SV-UVM TB. More on this in section IV. 

                                                             

 
 

Figure 3 – Concurrent Test: Dual Link Inbound Outbound Test. 

 

 



 

 
IV.     PSS Integration in UVM Testbench and Test Execution Flow 

 
The integration of PSS SV top is done to the testbench top with appropriate instantiation in the SV-UVM’s 

testbench top. The initial block in the PSS SV top starts along with other modules. It spawns PSS’s all the top-

level component threads. But the synchronization between PSS and UVM TB is done by waiting for a call from 

the test. It’s called after boot sequence. The DPI and the PSS infrastructure facilitates the generated C code to be 

executed from the UVM testbench. The execution of scenario happens from PSS thereafter. The generated ‘C’ 

code calls the implemented tasks in the existing SV-UVM testbench.   

 

The below code snippets and diagrams illustrate the integration and test execution flow. 

      

The sample code for PSS integration in UVM testbench: 

 
module top; 

. 

. 

`include “pss_top.sv” 

. 

pss_top  u_pss_top(); 

. 

. 

endtask : run_phase 

 

endmodule : top 

 

 

The handshake between PSS and SV-UVM testbench is explained in the code below. 

The PSS’s generated test ‘C’ code awaits for this call perspec_pkg::scenario_main()from UVM testbench as seen 

below. 

 
module pss_top; 

. 

. 

 initial begin  

   pss_main();       

   …  

   … 

 end 

endmodule: pss_top 

module pss_top; 

… 

task pss_main(); 

fork  

  pcie_vip1_main(); 

  pcie_vip2_main(); 

  axi_vip_main(); 

join 

endtask   

… 

endmodule: pss_top 

// Generated C code 

 

int pcie_vip1_main() { 

… 

uvm_wait_for_scenario_main();//uvm_test unblocks 

it 

// Scenario Code is here 

// Scenario Code is here 

}  

 

The sample SV-UVM test code can be seen below:                                                         

 
class pcie_concurrent_dual_link_inbound_outbound_test_c extends pcie_base_test; 

. 

. 

   virtual task run_phase (uvm_phase phase); 

      boot_vseq.start(tb.vseqr); 

      . 

      . 

      perspec_pkg::scenario_main(); 

      . 

      .  

endtask:run_phase 

 

 

 
 

 

 

 

 

 

 

 

 



 

 

The generated scenario calls the task in the PSS SV top. 

 
// Generated C code : Scenario 

int perspec_pcie_rc_mem_write_action_27(void){ 

  sln_pcie_rc_c_pcie_rc_mem_write_s* me = &(perspec_batch.scenario.u27); 

  { 

   { 

      outbound_write (0x0, 0x02007ec8, 0x10, me->data_byte_, “rc”); 

 .  

 . 

   } 

  } 

 
PSS SV Top code: 
 

task automatic outbound_write(input int link_num, input int addr, input int size, . .); 

  pcie_outbound_write_mem(link_num, addr, size, . . .); 

  . 

  . 

endtask 

 

 

PSS SV top task calls UVM TB’s SV Code: 
 

task automatic pcie_outbound_write_mem (input int link_num, input int addr, input int size, . .); 

  uvm_pkg::uvm_root top; 

  uvm_component tmp_comp; 

  top = uvm_pkg::uvm_root::get(); 

  tmp_comp = top.find(“*.vseqr”); 

  . 

  . 

  pcie_inbound_write_seq.start(uvm_pkg::uvm_sequncer_base’(tmp_comp)); 

endtask 

 
 

 

 
 

Figure 4 – Test Execution Flow 

 
 

V.     Unified Configurable Testbench 

 
        The testbench was neither configurable nor scalable previously. To utilise the features supported by PSS tool 

and support multi-link simulation in an efficient manner, our UVM testbench had to be more configurable & 
scalable. How we addressed that gap? 

 The tasks and sequences were customized such that they are more parametrized. 

 The link speed/link width/mode of operation of the PCIe controllers were all made configurable and 

could be set during runtime. Build is common for all these controllers. Simultaneously multiple 

controllers’ simulation is supported. It saved disk space and run-time. This mimicked the real use case 

scenario in an SoC and leveraged SoC’s bandwidth heavily. 



 It addressed scalability & modularity aspects. Addition or removal of a PCIe controller requires minimal 

effort. 

 Common sequences are used for all controllers/VIPs. Link specific settings were done based on 

conditions in respective sequences/tasks. 

 

The below diagram gives the unified configurable testbench structure.  
 

 

                                                  Figure 5 – Unified configurable PCIe environment. 

                                                      

 
VI.     Result and Comparison 

 

See the below Figure 6.1 which quickly explains the effort spent in overall execution from TB development, 

stimulus generation and testcase debugging. PSS based testbench structure has more effort involved in 

infrastructure development while less time is spent in scenario (stimulus) generation and testcase debugging. This 
testbench also provides modularity to the overall verification, effort will remain similar even though the number 

of instances of the design controller increase or decrease.  Also, in case of feature list the PSS commands the TB 

module to pick only the relevant feature in a given design architecture. 

 

 



Figure 6.1 – Result Comparison between Old and New Testbench 

 

Figure 6.2, which depicts other points of comparison with respect to Runtime and Disk space. With several 

execution in parallel these are important care-abouts.  

 

                       Figure 6.2 – Result Comparison between Old and New Testbench 

 

Some of the key advantages of this methodology are listed below: 

 
 Initial one-time effort required was more. Subsequent projects will require much lesser effort. 

 Scenario generation is faster, less debugging is required due to solver & self-checker with respect to 

test/sequence issues.  

 More coverage due to constrained random scenarios. 

 Less runtime as we could run concurrently both controllers for most of the common scenarios. 

 Less disk space consumption as the waveform dumps occupy less space for one run with multiple 

scenarios compared to two independent simulations. 

 
 

VII.     Conclusion 

 

PSS on configurable testbench methodology can help in accelerating Design Verification cycle significantly. 

It enables DV engineers to focus more on spending time to find the RTL issues. As it provides generation of more 

legal scenarios at ease, the possibility of hitting corner cases is also more. The time spent on testcase debug is 

reduced significantly. Though the first-time effort required is more, it will be only for the first project version and 

in the subsequent project versions there is very less effort required in infrastructure. Hence the benefits will be 

huge from there on. Hence, we recommend using this methodology to speed up the Design Verification execution. 
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