




	
		Home
	Search Silicon IP
	Search Verification IP
	Latest News
	Industry Articles
	Industry Expert Blogs
	Videos
	Slides
	Podcast


  
 



  ≡ Menu 
  
  Design And Reuse

	
		Login
		
	|
	
	Subscribe
	


  
 





	|
	
 Company

	|
	
D&R China

	|
	
dr-embedded.com

	|
	
Wiki

	|
	
[image: ]
  
     [image: ] English
    [image: ] Chinese
  




				
		Login
		
	|
	
	Subscribe to D&R SoC News Alert
	







	Design And Reuse
	


 

    

    
        	
                Search IP
					
					     Categories
                        
                            	Silicon IP
	Analog & Mixed Signal
	Storage Controller & PHY
	Graphic & Peripheral
	Interface Controller & PHY
	Processors & Microcontrollers
	Memory & Logic Library
	Security
	Multimedia
	Wireline Communication
	Wireless Communication
	
                                    Silicon IP Vendors
                                


                        

                    
	
						 

                        
								
                                    Verification IP
                                
	
                                    Search / Browse
                                
	
                                    Verification IP Vendors
                                
	
                                    Software IP
                                
	
                                    Search / Browse
                                
	
                                    Software IP Vendors
                                
	
                                     
                                
	
                                     
                                
	
                                    Additional Services
                                
	
                                    Wanted IPs
                                
	
                                    IP Analytics
                                


                        

                    
	
							
						Featured Products 
							
							[image: Cadence Design Systems, Inc.]
Tensilica Fusion F1 DSP


	[image: Mobiveil Inc.]
Hyperbus Flash Memory Controller


	[image: Cadence Design Systems, Inc.]
LPDDR4X/4/3/DDR4 PHY for TSMC


	[image: Ceva, Inc.]
Ceva-Waves 802.11ax (Wi-Fi 6) 1x1 20MHz STA Low Power MAC & modem





						
                    


				
            
	
                News
              	
                        Categories
                        
                            	
                                    IP/SoC Products 
                                
	
                                    Embedded Systems 
                                
	
                                    Foundries
                                
	
                                    Chiplet 
                                
	
                                    FPGA 
                                
	
                                    Fabless / IDM 
                                
	
                                    Deals
                                
	
                                    Legal
                                
	
                                    Business
                                
	
                                    Financial Results
                                
	
                                    People
                                
	
                                    Commentary / Analysis
                                
	
                                    20 Most Popular News
                                


                        

                    
	
                        					
						Latest News 
							
							[image: ceva-multi-protocol-wireless-platform-ip]
Ceva Launches Multi-Protocol Wireless Platform IP Family to Accelerate Enhanced Connectivity in MCUs and SOCs for IoT and Smart Edge AI Applications
Monday Apr. 08, 2024


	[image: imagination-catapult-cpu-risc-v]
Imagination's new Catapult CPU is driving RISC-V device adoption 
Monday Apr. 08, 2024


	[image: secure-ic-coontec-embedded-cybersecurity-south-korea]
Secure-IC partners with COONTEC to help strengthen Embedded Cybersecurity in South Korea
Monday Apr. 08, 2024






						
                    



            
	
                Industry Articles
              	
                        Categories
                        
                            	
                                    IP/SoC Products 
                                
	
                                    Embedded Systems 
                                
	
                                    Foundries
                                
	
                                    FPGA 
                                
	
                                    Business
                                
	
                                    20 Most Popular Articles
                                


                        

                    
	
                        					
						Featured Articles 
							
							[image: embracing-a-more-secure-era-with-tls-1-3]
Embracing a More Secure Era with TLS 1.3
Tuesday Apr. 02, 2024


	[image: esd-protection-automotive-ethernet]
Maximizing ESD protection for automotive Ethernet applications
Monday Mar. 25, 2024


	[image: time-sensitive-networking-for-aerospace]
Time Sensitive Networking for Aerospace
Monday Mar. 18, 2024






						
                    

 
            
	
                Blogs
               	
                        					
						Industry Expert Blogs 
							
							[image: ai-accelerator-chip-synopsys-cloud]
Mentium Accelerates Tape-out of AI Accelerator Chip for Space Applications on Synopsys Cloud 
Synopsys Blog - Anuj Pant, Synopsys


	[image: ai-driven-chip-design]
Can AI-Driven Chip Design Meet the Challenges of Tomorrow? 
Synopsys Blog - Synopsys Editorial Team


	[image: lpddr5x-low-power-dram]
LPDDR5X Opening New Markets for Low-Power DRAMs
Cadence Blog - Shyam Sharma, Cadence






						
                    

     
            
	
                Videos

            
	
                Slides

            
	

					Events
						
					
					
					  IP-SOC  2024


						Archives
                        
                            	
                                    IP-SoC Days 2023
                                
	
                                    IP-SoC Days 2022
                                
	
                                    IP-SoC Days 2021
                                
	
                                    IP-SoC Days 2020
                                
	
                                    IP-SoC Days 2019
                                


                        

                    


				
            


		

		
	


Choose a filter 
	Full Site Search
	Silicon IP
	Verification IP
	Software IP
	News
	Industry Articles















    









 


 

UVM RAL Model: Usage and Application



 
		  




				

By Mitesh Patel , Bonny Vora (eInfochips Ltd.)
 
 Abstract
[image: ]    There are two major challenges typically faced in any system design: shrinking size of the technology nodes and TTM (Time to Market). To cope with the speed of the competitive market landscape, most of the systems are designed in a generic way - which means the same design can be used in different ways with different configurations. More the number of configurations, more the number of registers in the design. On top of it, due to the high demand for data storage in the current market, memory size is also getting larger. To access and verify the numerous registers and the huge size of memory, some innovative approach is required. Therefore, UVM provides a base class library for register management and their access, called UVM RAL (Register Abstraction Layer).
   UVM RAL as the name suggests, is a high-level object-oriented abstraction layer to access design registers. RAL model mimics the design registers and this entire model is fully configurable. Due to its abstraction behavior, RAL model can be easily migrated from block level to system level. 
   From the RAL model overview to register coverage, this paper provides different levels of information on UVM RAL - how same RAL model can be used with multiple interfaces, memory implementation inside the RAL model and their access methods, information on predictor model to predict the register value based on their operation, etc.. It has also a list of ready-made UVM register sequences. By merely configuring these sequences users can access and verify the functionality of all the design registers and memories.
      Introduction
  The primary step of any design verification is its register verification where register accessibility and its functionality is checked. To perform this register verification it is not necessary to use UVM RAL model but when it is performed without using it, the user has to take care of each registers’ attributes and reset value. Also, the user has to make sure that each register field has been verified using all the possible values. To perform all these checks manually for the entire range of registers is a time-consuming task and therefore using the UVM RAL model is a much efficient approach. 
   UVM RAL is an object-oriented model for registers inside the design. To access these design registers, UVM RAL provides ready-made base classes and APIs. Some of the RAL model features are:
 	Just like design, it supports different register attributes like R/W, RO, WO, W1C, etc.
	Supports two different paths for register access, frontdoor and backdoor.
	The same model can be accessed by multiple buses.
	Its abstraction nature allows the same model to be used at the block level as well as system level.
	Provides a connection to sample the user-defined coverage bins.
	Built-in comparison method to compare register value with its predicted value.

 Each RAL model has majorly three levels of hierarchies:
 	  uvm_reg_block is the topmost hierarchy, usually, uvm_reg_block has an instance of all the registers (uvm_reg) or it may have an instance of other uvm_reg_block.
	  uvm_reg mimics the register inside the design. Based on its definition each register may have one or more uvm_reg_field.
	 uvm_reg_field represents the field of the register.
 

 [image: ]
 Figure 1. RAL hierarchy diagram
 RAL model mimics the design register, value by which design register is updated, with the same value RAL model register is also updated. And for that, UVM has a common API to update both the design as well as the RAL model register. Apart from the register, design memory can also be replicated using RAL model and one of its advantages is burst operation. In the later section of this paper, an example of memory burst operation is shown followed by some information on predictor model, register coverage, and UVM pre-defined register sequences.
     RAL register map and adapter
 One of the essential steps of RAL model integration is the adapter class implementation. This class has two basic convert functions, bus2reg() and reg2bus(), which are used to convert the bus sequence items into uvm_reg_bus_op (known to RAL model) and vice versa. This user-defined adapter class should be implemented by extending the uvm_reg_adapter base class. This implies that all frontdoor register read/write operation happens through this adapter class. Since the implementation of the adapter class is dependent on the bus and for that, each bus has to have its own adapter class. Below code is for reference on how two APIs need to be implemented inside the adapter class:
   [image: ]
 
 Every frontdoor register write/read operation passes through reg2bus and bus2reg API. In the case of multiple buses, for example, APB and AXI, if they are accessing the same RAL model then adapter class needs to be created for each bus. Therefore, for each register maps, RAL model sequencer has to be set as shown below: 
 [image: ]
   Example to access the RAL model register using a particular register map:
   [image: ]
 UVM Memory
 UVM supports memory implementation inside the RAL model, called uvm_mem. Like uvm_reg, the purpose of this uvm_mem is also to mimic the memory inside the design. Below code shows how memory can be implemented inside the RAL model: 
   [image: ]
   One of the advantages of this memory is its burst read/write operation as shown below:
 [image: ]
   Like register, memory access can also happen through the frontdoor and backdoor. uvm_mem does not have a space to store the expected data that means one of the drawbacks of this uvm_mem is, unlike registers, it does not support in-built data comparison.
       UVM Predictor
 As mentioned before, the register model has a built-in self-checking mechanism. Whenever a register is accessed, uvm_reg is updated with the same value and that becomes its predicted value. This prediction can happen in three different ways:
 	Implicit Prediction
	Explicit Prediction
	Passive Prediction

   Implicit Prediction
 This is the simplest and the most common approach. Whenever register write/read operation happens, UVM RAL model base class calls predict() method of that particular uvm_reg class. And to enable this, user has to call set_auto_predict(1) method of uvm_reg_map as shown below. By default, it is disabled.
 [image: ]
 
 [image: ]
   Figure 2. Implicit prediction flow
 As shown in the above diagram, when auto prediction is on, the register model predicts the value with every write/read operation. Here, the expectation is that the user has to initiate register operation either by calling write() or read() method of uvm_reg.
   Explicit Prediction
 In this approach, the user has to create the handle of uvm_reg_predictor class, which is a RAL model base class. This predictor class needs to be connected with the sampler/monitor class. Here, the monitor samples the register write/read operation happening on the interface and from the monitor it reaches to the predictor component. Predictor class converts bus transaction into the register transaction with the help of the adapter and then calls the predict() method of that register. Below diagram explains the explicit prediction flow:
 [image: ]
   Figure 3. Explicit prediction flow
 In terms of coding efforts, there are three basic steps to do explicit prediction: creation, configuration, and connection.
 1- Creation
 [image: ]
 2- Configuration
 [image: ]
 
 3- Connection
   [image: ]
  Advantage of this approach is, here register model is always up to date with the actual data because prediction happens based on the data driven on interface. Therefore, in the case of erroneous transaction monitor needs to have a logic to filter out the data.
   Passive Prediction
 This approach is useful when register read/write operation is not happening via the register model. Here, register value is predicted based on the operation observed on the bus interface. This approach is very similar to the explicit prediction approach.
   Register Coverage
 UVM RAL provides an API to sample the user-defined covergroup and to sample this covergroup, user has to override the sample() method of uvm_reg/uvm_reg_block class. For RAL model coverage, user has to enable register prediction as explained above.
   Below code shows the covergroup implementation inside the extended uvm_reg_block where registers and their operations are covered. 
 [image: ]
   Below example of covergroup implementation inside uvm_reg class is shown where the intention is to cover different values by which register is being accessed.
       [image: ]
       Selective covergroup sampling is also possible, for that, user has to provide the suitable functional coverage type identifier.
               UVM RAL pre-defined sequences
   UVM package provides a readymade set of sequences to test the functionality of registers such as their access or their reset value. All these sequences are unique in terms of their operation and out of them, description of a few register sequences are shown in the following table:
   	  Sequence name
 	 Functionality
 
	 uvm_reg_hw_reset_seq
 	 Checks the reset value of each register is matching with the specified reset value.
 
	 uvm_reg_bit_bash_seq
 	 Sequentially writes 1’s and 0’s in each bit of the register and based on its read-write access, expects the value to be set.
 
	 uvm_reg_access_seq
 	 Writes each register with frontdoor access and checks the value of the register is been set correctly via backdoor. Then do the reverse operation where write happens via backdoor and checking happens through frontdoor.
 
	 uvm_mem_walk_seq
 	 Writes walking pattern into each of the memory location and compares it with the read value.
 
	 uvm_mem_access_seq
 	 For each location of the memory, writes via frontdoor and checks the if the value is set correctly via backdoor. Then, do the reverse operation where write happens via backdoor and verification occurs through frontdoor.
 
	 uvm_reg_shared_access_seq
 	 Writes all the register via each address map and confirms its written value by reading from all the address maps.
 
	 uvm_mem_shared_access_seq
 	 Writes all the memory locations via each address map and confirms its written value by reading from all the address maps.
 
	 uvm_reg_mem_shared_access_seq
 	 Executes uvm_reg_shared_access_seq followed by uvm_mem_shared_access_seq.
 
	 uvm_reg_mem_built_in_seq
 	 Executes selected/all of the above pre-defined sequences.
 
	 uvm_reg_mem_hdl_paths_seq
 	 Checks the specified HDL path is accessible or not.
 

   There is a disable attribute for each of the above test, by which the user can skip particular testing of any register/memory. By setting the attribute, “NO_REG_TEST” or “NO_MEM_TEST” user can exclude particular register/memory from all the above tests.
     Summary
 UVM RAL is a simpler approach to access and for the verification of design registers and memories. Like the real design, uvm_mem supports burst write and read operation. On top of accessing the registers, UVM also has ready-made APIs, which can be used to sample the register coverage. Also, due to multiple scenarios in different UVM register pre-defined sequences, the task of register verification has become easy. Because of its hierarchical structure and a large number of available APIs, it provides an ample amount of flexibility. Apart from accessing APIs in the standard way, the user can do a list of other things using these APIs; such as, accessing register by their address or updating any particular register field. Overall, UVM RAL is a powerful abstraction layer, which supports all the features required for register verification and due to its organized structure, it is a highly recommended approach for register verification in the UVM based testbench.
 If you wish to download a copy of this white paper, click here
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