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Overview of UVVM
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é Building Custom UVVM Verification Components

¥ Questions & Discussion




Motivation: BFMs for Multiple Interfaces

* Why we need more than plain procedures
* Many interfaces — AXI, UART, SPI| — exercised in parallel

* BFM is a VHDL procedure

e Great for one interface

* Multiple interfaces?
 AVHDL process can only run one procedure at a time
* Need multiple processes + manual synchronization
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* Testbench code gets cluttered with wait-statements — does not scale




Motivation: From BFMs to VVCs

VVC, VCC
+ VVC = VHDL Verification Component
+ VCC = Verification Component

A VVC is an entity
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» It contains processes that run in parallel
Testbench

Each VVC is responsible for handling a single interface

+ For example: one VVC for UART, another for I12C /TeSt Seq“encer\
VVCs use BFMs internally
The testbench controls the VVCs

» Test sequencer: commands the VVCs to do the work
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UVVM Testbench Architecture
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UVVM Test Sequence Example

test_sequence : process 1is Testbench
begin Testharness
uart_transmit (UART_VVCT , 1, x"BE"); /Testsequencer\
uart_transmit (UART_VVCT , 1, X"EF"); - DUV
1
insert_delay (UART_VVCT , 1, 100 ns); L. WC .—>
: UART
uart_transmit (UART_VVCT , 1, x"26"); : VVC
await_completion (UART_VVCT , 1, 10 ms); < - - [ > —>
- - ’ ’ | UART <
1
1
1
axi_check (AXI4 VVCT , 1, x"BEEF" , Xx"OFDF26" ); . VVC
await_completion (VVC_BROADCAST , ALL_WVCS , 10 ms); AXl4 <

end process ;




UVVM Test Sequence Example

test_sequence : process 1is

begin
uart_transmit (UART_VVCT , 1, x"BE");
uart_transmit (UART_VVCT , 1, x"EF");
insert_delay (UART_VVCT , 1, 100 ns);

uart_transmit (UART_VVCT , 1, x"26");
await_completion (UART_VVCT , 1, 10 ms);

axi_check (AXI4 VVCT , 1, x"BEEF" , Xx"OFDF26" );
await_completion (VVC_BROADCAST , ALL_VVCS, 10

end process ;

ms);

Testbench
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UVVM VVC Communication Channel
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UART VVC Packages

Testbench

K Test sequence \

shared_vvc_cmd Testharness
package-level shared variable | i
(t_vvc_cmd_record) DUV
P it R--t» W
S operation := TRANSMIT J— > UART 1
uart_transmit : data = x"BE" :
(UART_VVCT,1,x"BE") : ---»  VVC L,
» UART <
UART_VVCT R o
package-level signal VWG ——p
AXl4
(t_vvc_target record)

instance_idx <=

K j \_ trigger <="1' J

---------------------------------------------------------------------------------




Shared Variable: VVC Command

Testbench
UART VVC Packages

Test sequence

y shared_vvc_cmd Testhamess
i | package-level shared variable
i (t_vve_cmd_record) DUV
. . . i
« Shared variable defined in a package L

[_transmit data := x"BE"
w wWC

RT_VVCT,1,x"BE") ~
——+» UART —=+—

« Contains all data the VVC needs to execute the command \ ool
« UVVM v3 (beta): protected shared variable

AXl4 =

type t vvc cmd record 1s record

cmd_idx : integer ;

operation : t_operation ; -- TRANSMIT, RECEIVE, ...

msg : string (1 to C_VVC_CMD_STRING_MAX LENGTH );

data : std_logic_vector (C_VVC_CMD_DATA_MAX_LENGTH -1 downto 0);
num_bits : integer ;

timeout : time;

end record ;

-- One shared variable per WC type

shared variable shared_vvc_cmd : t_vvc_cmd_record := C_VVC_CMD_DEFAULT ;




Inside the VVC Method (uart transmit

-- Public method (methods package)
procedure uart_transmit (
signal UART_VVCT

constant vvc_instance_idx : 1in

inout t_vvc_target_record

integer ;

constant data : 1in std logic_vector ;
) 1is
begin

-- 1) Fill the shared command record

shared_vvc_cmd .operation := TRANSMIT ;

shared _vvc_cmd .data = data;

-- 2) Notify the addressed WC via VVCT

UART_VVCT .vvc_instance_idx <= vvc_instance_idx ;
UART_VVCT .trigger <= '1';

wait for © ns;

UART_VVCT .trigger <= 'L';

end procedure ;

J
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A UVVM Verification Component
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VVC Command Interpreter
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VVC Command Interpreter

— VVC
cmd_interpreter : process | Interpreter ]
begin ) *

wait until UART_VVCT .trigger = '1';
Command Queue
1f UART_VVCT .vvc_instance_idx = instance_idx then ¢
case shared vvc_cmd .command_type 1is Executor [BFM

when QUEUED =>
-- queue for Llater execution by the executor

put_command _on_queue (shared vvc cmd );

when IMMEDIATE =>
-- process now (e.qg. ENABLE LOG_MSG, TERMINATE_CURRENT CMD, etc.)

process_immediate_command (shared _vvc_cmd );

end case ;
end 1if;
end process ;




VVC Command Queue

@EUED COMMANDS (FIFO) \

cmd_idx operation data
uart_transmit (UART_VVCT , 1, x"BE");

uart_transmit (UART_VVCT , 1, x"EF");
insert_delay (UART_VVCT , 1, 100 ns);

head — 1 TRANSMIT x"BE" .. ™

TRANSMIT x"EF" uart_transmit (UART_VVCT , 1, x"26");
3 INSERT DELAY 100 ns 7 -- no simulation time passed up to this Lline
\ J await_completion (UART_WCT , 1, 10 ms);

W

tail H\4 TRANSMIT x"26" . /




VVC Command Executor

VVvC
Interpreter
cmd_executor : process : *
variable v_cmd : t_vvc_cmd_record ;
begin Command Queue

Loop ¢

-- block until a command is available on the queue Executor |BFM

fetch_command_from_queue (v_cmd, command_queue );

-- dispatch to the matching BFM call
case v_cmd .operation 1is
when TRANSMIT =>
uart_transmit_bfm (v_cmd .data, uart_vvc_tx );
when RECEIVE =>
uart_receive bfm (...);
end case ;
end Loop ;

end process ;




Recap

Testbench

/ Test sequence X
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VVC Generator Script

* Python script in uvwvm_vvc_framework/script
* Required parameter: component name
» Advanced options (scoreboard, multiple executors, multiple channels, ...)

$ python uvvm/uvvm _vvc framework/script/vvc_generator/vvc_generator.py

VVC Name (e.g. SBI, UART, axilite ): RoCEv2
Extended UWM features? [y/n]: n
Concurrent channels: 1

Multiple executors? [y/n]: n

The vvc_generator script 1is now finished

Note: follow the instructions marked '--<USER_INPUT>' 1in the generated files.




VVC Generator Output & User Input

-

vvc_methods_pkg.vhd

public API the sequencer calls
(writes the command to the shared variable, triggers the VVC)

USER_INPUT

declare the public VVC procedures

~

vvc_cmd_pkg.vhd

command record
(defines the shared variable t_vvc_cmd_record)

USER_INPUT

add operations and data fields to the record

-

rocev2_vvc.vhd

VVC entity = interpreter + queue + executor

USER_INPUT

call the BFM procedures in the executor's case statement

rocev2 bfm pkg.vhd

BFM - Bus Functional Model
(the actual hardware interaction)

USER_INPUT

implement BFM procedures

o




VVC Generator: <USER_INPUT> Example
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