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1 Document Information

1.1 About Document

Release Date

06/02/2023

Copyright NANIJING JiuXiao Intelligent Technology Co., Ltd.

Revision 1.14

Scope Support JiuXiaol.0 and higher version

Restriction No part of this document may be reproduced in any form or by

any means with written permission of Shanghai

Intelligent Technology Co., Ltd.

Table 1 - About Document
1.2 Revision history
Revision Date Description
0.1 Nov.02.2021 Initial draft
0.2 Dec.12.2021 Add all rules and descriptions
1.0 Dec.16.2021 Add information about IDE
11 Jan.11.2022 Add AutoBench function description of IDE
15 Jan.14.2022 Update AutoBench class description
16 Jan.27.2022 Update AutoBench demon
1.7 Jan.28.2022 Update AutoBench demon
18 Mar.28.2022 Update AutoBench demon
19 Apr.28.2022 Add description for reduction operation
1.10 Nov.28.2022 Update UltraReg description
1.11 Dec.5.2022 Figures and Tables updated
1.12 Dec.12.2022 UltraReg Ul updated
1.13 Feb.6.2023 UltraReg updated
1.14 Feb.22.2023 UltraReg naming convention updated
1.15 Apr.7.2023 Update AutoBench generation path
Table 2 - Revision History
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2 Basic Operations

UltralDE is the integrated development environment independently researched and
developed by NANJING JiuXiao Intelligent Technology Co., Ltd. It provides the development
and verification platform for the whole IC design flow.

UltralDE not only integrates multiple features, such as UltraReg, UltraAutoBench, Lint,
UltraWave and UltraSim, but also supports code check and edit functionality. Here is the

overview of IDE illustrated in Figure 1.

e.BUS- protocol - to

r n
input - wire. [DATAWIDTH-1:0]- M

output wire hreadyout
re hresp,

s | --output wire [DATAWIDTH-1:8] -hrdata,

2 /4 Register- interface

2 | --output wire [ADDRWIDTH-1:8] -reg_addr,
@ output wire reg rd
o |- output-wire reg wr
A output wire [3:0] byte strobe,
o o | output wire [DATAWIDTH-1:0) reg_wdata,
input . wire. [DATAWIOTH-1:8] reg rdata

Importance

Figure 1 — IDE overview

As shown in Figure 1, there are three areas included inside IDE overview. On the very left of
Figure 1is “Menu Panel”, which contains function buttons (Table 3) the IDE supported.
Bottom of the IDE is “Message Box"(Figure 2), which displays Lint logs. “Main Body” of the

IDE shows views of user files (7able 4).
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2.1 Menu Panel

Menu panel contains function buttons of the IDE listed in 7able 3.

Button Function Description

@ * Hotkey : Not applicable

Function: Switch between start view and current view
Welcome ) ) e . . .
Use case: Start view displays some historical files open, users can click this button any time
to switch current code view to start view
Hotkey :Ctrl +n
@

Function: Create new files

New

Use case: Create new files

|

Open

Hotkey :Ctrl + o
Function: Open an existing single file

Use case: Open an existing single file for HDL check or further edit

Open Folder

Hotkey : Not applicable
Function: Open an existing single file

Use case: Open an existing single file for HDL check or further edit

Hotkey :Ctrl +s
Function: Open an existing single file

Use case: Open an existing single file for HDL check or further edit

Compare

Hotkey : Not applicable
Function: Compare content of two files

Use case: Compare content of two similar files, like different version of the same file

.

Edit

Hotkey : Cut(Ctrl + x), copy(Ctrl + c) and paste(Ctrl + v)
Function: Cut, copy, paste, tab and white space usage

Use case: Cut, copy and paste some content, or configure tab and white space

T I T T T I e B I T I o I S e A A A A

| -.Ir,- |||'1 Hotkey : Not applicable
Function: Generate UVM test bench automatically
AutoBench Use case: When RTL top file is ready, this tool can generate UVM test bench automatically
Hotkey : Not applicable
{E} Function: Generate RTL, RAL models, test cases, and detailed design document
RegSet

automatically

+ Use case: It will generate automatically when registers format are defined.
* Hotkey : Not applicable
n + Function: Wave viewer for LXT, LXT2, VZT, FST and VCD files
Ultra\Wave + Use case: Read the wave files
* Hotkey : Not applicable
+ Function: A powerful simulation engine
UltraSim + Use case: Read the simulation file
* Hotkey : Not applicable
I!” * Function: HDL language Lint check
Lint .

Use case: Checks coding style issue, simulation issue and RTL bugs statically on RTL file.

Rules supported can be found in other section of this document.

CONFIDENTIAL & PROPRIETARY
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O +  Hotkey :Not applicable
* Function: Fold/unfold “Message box” panel
lssues
* Use case: Choose to display “Message box” or not
O * Hotkey : Not applicable
+ Function: Display the outlines of a module
Outline * Use case: Choose to display the outline in a opened system verilog file
,Q\ 4+  Hotkey :Not applicable
. 4+ Function: Log in
Login
+ Use case: Register the license file and Log in

Table 3 - Function buttons
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2.2 Message Box

Message box displays Lint rule check log.

15
2/6
36
48
58

Importance

Message
WARN_LOW(LO15 Bad Coding Style) width mismathch found in assigment expression, LHS_WIDTH(8) I= RHS_WIDTH(1)
WARN_HIGH(H022 Hardware Bug) no driver signal found ¢ has no driver
WARN_HIGH(H022 Hardware Bug) no driver signal found b has no driver
WARN_LOW(L011 Bad Coding Style) object declared but never used c
WARN_LOW(LO11 Bad Coding Style) object declared but never used b

Figure 2 — Message box

Line

As shown in Figure 2, functions from left column to right in the Message box are Warning

Number, Importance, Warning Message and related line.
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2.3 Main Body

Main Body of the IDE contains different views of user files. Functions of them are listed in

Reference (by)
view

Function : Displays the relationship between different modules

How to produce: Right click a module name then select “Shown reference”

Search Result

Table 4.
View Name Description
Folder 4+  Function : Displays folders opened.
view * How to produce: Open a folder
Main file 4+  Function : Displays user files for editing or checking.
Text view + How to produce: Open a file or create a new file
Module 4+  Function : Displays modules’ hierarchy of current HDL file.
view + How to produce: Open an HDL file or save it after edit, Drive view will be refreshed
Outline + Function : Displays the outline of the opened file
view + How to produce: Click outline in left bar after opening a file or creating a new file
+
+
+
+

view

Function : Displays the search result of specific characters

How to produce: Ctrl+h to open the search window

Table 4 - Different views in Main body
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3 Lint Rules

Three types issues will be detected by Lint rule check, the severity from low to high are
marked as “WARN_LOW”, “WARN_MEDIUM” and “WARN_HIGH".

WARN_LOW
® Description: Warnings marked as “WARN_LOW” means lowest severity.
® Root cause: Mainly bad coding style. For example, bad naming convention,
redundant code or mismatch of variable type or width.
® Damage: This type of issues may not be detected by simulation tools. Bad coding
styles make the code hard to maintain.
® How to fix: Recommend fixing according to Lint logs.

WARN_MEDIUM

® Description: Warnings marked as “WARN_MEDIUM” means medium severity.

® Root cause: Simulation issues introduced by typos. For example, infinite loop,
negative delay or functions without return value.

® Damage: Some of this type of issues may captured by simulation tools. Others will
be explained by simulation tools, but different tools may explain in different ways.
These issues introduce simulation problems and may not be found until very late
stage of project.

® How to fix: Should be fixed before simulation according to Lint logs.

WARN_HIGH

® Description: Warnings marked as “WARN_HIGH” means highest severity.

® Root cause: Hardware bugs introduced by engineers in design stage. For example,
buffered clock, asynchronous loop or multiple drivers.

® Damage: Most of these issues will introduce design bugs. Some of them can be
directly captured by simulation and synthesis tools. Others will cause mismatch
between pre- and post-simulation.

® How to fix: Should be fixed before simulation and synthesis according to Lint logs.

For some special cases, need designers double confirm one by one before manually
add “ignore check”.

CONFIDENTIAL & PROPRIETARY 11 of 85 Copyright ©2021 JIUXIAOTech Corporation
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3.1 Bad Coding Style

3.1.1 LO0O1: found undeclared variable

Warning Message
WARN_LOW(LO01 Bad Coding Style) found undeclared variable

Severity

Low, recommend fixing, but can be ignored.

Description
Check undeclared variables

Example

module test(inl, in2, outl);
input inl,in2;
output outl;
outl=inl&inz;
assign tmp = inl&in2; //Warning: found Undeclared variable

“tmp”
endmodule

3.1.2 L002: vectors driven separately in different blocks.

Warning Message

WARN_LOW(LO02 Bad Coding Style) vectors driven separately in different
blocks

Severity

Low, recommend fixing, but can be ignored.

Description

Check drivers of vectors. Drive different vector bits in different blocks is a bad
coding style.

Example
module test(clk, in, out);
input in;
output [1:0] out;

CONFIDENTIAL & PROPRIETARY 12 of 85 Copyright ©2021 JIUXIAOTech Corporation
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always @(in)
out[1]=in;
always @(in)
out[2]=lin;//vectors driven separately in different blocks
endmodule

3.1.3 LOO03: output is directly driven by input

Warning Message
WARN_LOW(L0O03 Bad Coding Style) output is directly driven by input

Severity
Low, recommend fixing, but can be ignored.

Description
Check drivers of output signals. Output signals directly driven by input is a bad
coding style. These signals should be removed from target module.

Example
module test(in, out);
input in;
output out;
out=in;//output is directly driven by input
endmodule

3.1.4 L004: FSM style not recommended

Warning Message
WARN_LOW(L0O04 Bad Coding Style) FSM style not recommended

Severity
Low, recommend fixing, but can be ignored.

Description
Check FSM coding style, two process style are recommended.

Example
module test(clk, rst, in, current_state, out);
input in,clk,rst;

CONFIDENTIAL & PROPRIETARY 13 of 85 Copyright ©2021 JIUXIAOTech Corporation
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input [1:0] current_state;

output reg[1:0] out;

parameter STO=0;

parameter ST1=1;

parameter ST2=2;

parameter ST3=3;

reg[1:0] next_state=0;

always @(posedge clk or posedge rst) //FSM in one process is not a
recomended coding style

begin
if(rst)
current_state = STO;
else
begin //else_start
case (current_state)
STO:
begin
out = in + 2'b11;
next_state = ST1;
end
ST1:
begin
out = in + 2'b10;
next_state = ST2;
end
ST2:
begin
out = in + 2'b11;
next_state = ST3;
end
default:
begin
out = 2'b0;
next_state = STO;
end
endcase
current_state = next_state;
end //else_end
end
endmodule

CONFIDENTIAL & PROPRIETARY 14 of 85 Copyright ©2021 JIUXIAOTech Corporation
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3.1.5 LO0O05: only partial value of function returned.

Warning Message
WARN_LOW(LO05 Bad Coding Style) only partial value of function
returned.

Severity
Low, recommend fixing, but can be ignored.

Description
Check whether function return value is properly assigned.

Example
module test(clk,rst,in,out);
output reg [7:0] out;
input reg [7:0] in;
input clk,rst;

function [7:0] function_val;
function_val[5:2]=in[3:0];//only partial value of function returned.
endfunction

out=function_va;
endmodule

3.1.6 LOO0G: reduction on signal bit signal is not recommended.

Warning Message
WARN_LOW(LO06 Bad Coding Style) reduction on signal bit signal is not
recommended.

Severity
Low, recommend fixing, but can be ignored.

Description
Check expressions on signal bit signal, reduction operations(&,|,,~&,~|,~")
are not recommended

Example

CONFIDENTIAL & PROPRIETARY 15 of 85 Copyright ©2021 JIUXIAOTech Corporation
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module test(clk,in,out);
output reg out;
input in;
input clk;
always @( posedge clk )
out<=(&in); //reduction operation on signal bit signal
endmodule

3.1.7 LOO7: empty process detected!

Warning Message
WARN_LOW(LOO7 Bad Coding Style) empty process detected!

Severity
Low, recommend fixing, but can be ignored.

Description
Check empty process, including empty function, task and always block

Example
module test(clk,rst,in,out);
output out;
input reg in;
input clk,rst;
out=lin;
always @( posedge clk or negedge rst ); //empty process
endmodule

3.1.8 LO0O08: instance and module name should be different

Warning Message
WARN_LOW(LO08 Bad Coding Style) instance and module name should be

different
Severity

Low, recommend fixing, but can be ignored.
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Description
Check to see whether instance and module name are different

Example
module test(in,out);
input in;
output out;
or or(in,0,out);//instance and module name should be different
endmodule

3.1.9 LO009: more than one module found in the same file

Warning Message
WARN_LOW(LO09 Bad Coding Style) more than one module found in the
same file

Severity
Low, recommend fixing, but can be ignored.

Description
Check whether there are more than one modules in the same file

Example
module modulel(in, out);//more than one modules found in the same file
input in;
output out;
out=lin;
endmodule

module modulel2(in, out);//more than one modules found in the same file
input in;
output out;
out=lin;

endmodule

3.1.10 LO10: more than one statement found on the same line

CONFIDENTIAL & PROPRIETARY 17 of 85 Copyright ©2021 JIUXIAOTech Corporation
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Warning Message
WARN_LOW(L0O10 Bad Coding Style) more than one statement found on the
same line

Severity
Low, recommend fixing, but can be ignored.

Description
Check muiltiple statements on the same line, which is a bed coding style.

Example
module test(in,output);
input in; output out;//more than one statement found on the same line
out=lin;
endmodule

3.1.11 LO11: object declared but never used

Warning Message
WARN_LOW(LO11 Bad Coding Style) object declared but never used

Severity
Low, recommend fixing, but can be ignored.

Description
Check unused objects

Example
module test(clk,set,in,out,out?);

output reg out;
input reg in;
input set;
input clk;
wire tmp;//Warning: object declared but never used
always @( posedge clk or posedge set )

if( set)

out <=1,
else

out <= in;
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endmodule

3.1.12 LO012: redundant case label found

Warning Message
WARN_LOW(L0O12 Bad Coding Style) redundant case label found

Severity
Low, recommend fixing, but can be ignored.

Description
Check to see if there is any case label containing two or more expressions that
result in the same value.

Example
module test(in,out);
output reg [2:0] out;
input [1:0] in;
wire [1:0] tmp;
assign tmp=in;

always @(in)
case (in)
0: out = 'd0;
1: out = 'd1;
2: out = 'd2;
3: out = 'd3;
3: out = 'd3;//Warning: redundant case label found
endcase
endmodule

3.1.13 LO013: bad naming convention

Warning Message
WARN_LOW(L0O13 Bad Coding Style) signal or module name should not
include combination of "00","O0","I1"

Severity
Low, recommend fixing, but can be ignored.
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Description
Check not recommended naming style which is confusing, signal or module
name should not include combination of "00","O0","I1"

Example
module test(I1, b, O0);
input 11, b; //SemanticNamesEasyToGetConfused signal or module name
should not include combination of ""o0™",""O0™",""1""
output OO; //SemanticNamesEasyToGetConfused signal or module name
should not include combination of ""o0™",""O0™","1""
and ando0(O0, 11, b); //SemanticNamesEasyToGetConfused signal or
module name should not include combination
of ""o0"",""00"",""[1""
endmodule

3.1.14 L014: suspicious semicolon found

Warning Message
WARN_LOW(L0O14 Bad Coding Style) suspicious semicolon found

Severity
Low, recommend fixing, but can be ignored.

Description
Check suspicious semicolons in file

Example
module test(clk,rst,in,out,out?);
output reg out;
input reg in;
input rst;
input clk;
always @( posedge clk or posedge rst )
if( rst );//Warning: suspicious semicolon found
out <= 1'b0;
else
out <= lin;
endmodule
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3.1.15 L015: width mismatch found in assignment expression

Warning Message
WARN_LOW(L0O15 Bad Coding Style) width mismatch found in assignment
expression, LHS_WIDTH !'= RHS_WIDTH

Severity
Low, recommend fixing, but can be ignored.

Description
Check width mismatch in assignment statements

Example
module test(inl, outl);
input inl;
output [15:0] outl;
assign out = inl; //Warning: width mismatch found in assignment
expression, LHS_WIDTH(16)!= RHS_WIDTH(1)
endmodule

3.1.16 L016: width mismatch found in operation

Warning Message
WARN_LOW(L0O16 Bad Coding Style) width mismatch found in operation,
OPERATION_LEFT_WIDTH != OPERATION_RIGHT_WIDTH in operation

Severity
Low, recommend fixing, but can be ignored.

Description
Check width mismatch in operations.

Example
module test(inl,in2, in3,in4,outl);
input [7:0] inl,in2;
output [15:0] in3,in4,0utl;
reg [15:0] outl;
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always @(in1 or in2 or in3 or in4)
if((in1+in2)<(in3+in4))//Warning: width mismatch found in operation,
OPERATION_LEFT_WIDTH(9) =
OPERATION_RIGHT_WIDTH(16) in operation
outl="b0;
else
outl='bl;
endmodule

3.1.17 LO17: wire not explicitly declared

Warning Message
WARN_LOW(L0O17 Bad Coding Style) wire not explicitly declared

Severity
Low, recommend fixing, but can be ignored.

Description
Check undeclared wire signals.

Example
module test(in, out);
input in;
output [1:0] out;
tmp=lin;//""tmp"" not declared explicitly
out={tmp,in};
endmodule
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3.2 Simulation Issue

3.2.1 M001: found delay in non-blocking assignment

Warning Message
WARN_MEDIUM(MO001 Simulation Issue) found delay in non-blocking
assignment

Severity
Medium, should fix before start simulation

Description
Check non-blocking assignment, delay operation is not allowed.

Example
module test(clk, rst, in, out);
input clk, rst, in;
output reg out;
parameter DELAY = 10;
always @(posedge clk or posedge rst)
if (rst)
#DELAY out <= 0;//warning delay in non-blocking assignment
else
#DELAY out <= in;//warning delay in non-blocking assignment

endmodule

3.2.2 MO002: found infit loop

Warning Message
WARN_MEDIUM(MO002 Simulation Issue) found infit loop

Severity
Medium, should fix before start simulation

Description

Check infinite loop. Infinite loop may not be detected by simulation tools,
need to fix before simulation.
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Example
module test(in, out);
input in;
output [7:0] reg c;
integer i
always @(in)
for (i=0; i<7; i=i-1) //infinite loop
c=c+l;
endmodule

3.2.3 MO0O03: input signal found assigned.

Warning Message
WARN_MEDIUM(MO003 Simulation Issue) input signal found assigned.

Severity
Medium, should fix before start simulation

Description

Check driver of input signal which will result in multi driver issue.

Example
module test(in, out);
input in;
output out;
assign out=lin;
assign in=1;//warning, driver on input signal ""in""
endmodule

3.2.4 MO004: negative delay found

Warning Message
WARN_MEDIUM(MO004 Simulation Issue) negative delay found

Severity
Medium, should fix before start simulation
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Description
Check delay time, negative delay is not allowed.

Example
module test(in, out);
input in;
output reg out;
parameter DELAY = -10;

always @(in)
out = #DELAY in; //negative delay of ""DELAY"" is not allowed
endmodule

3.2.5 MO0O05: siganal are not allowed to assign to itself.

Warning Message
WARN_MEDIUM(MOO05 Simulation Issue) siganal are not allowed to assign to
itself.

Severity
Medium, should fix before start simulation

Description
Check drivers of all signals, its not permited to assign signal to itself.

Example

module test(in, out);
input in;
output reg out;
wire tmp=lin;
assign tmp = tmp;//assign signal to itself is not allowed
assign out=tmp;

endmodule

CONFIDENTIAL & PROPRIETARY 250f 85 Copyright ©2021 JIUXIAOTech Corporation



UltraEDA UserManual

3.2.6 MOO06: siganl stuck at fixed value.

Warning Message
WARN_MEDIUM(MO006 Simulation Issue) siganl stuck at fixed value.

Severity
Medium, should fix before start simulation

Description
Check all signals,siganls should not stuck at fixed value.

Example
module test(in, out);
input in;
output reg out;
wire tmp=1'b1;//signal ""tmp"" stuck at value 1'bl
assign out=tmp&in;
endmodule

3.2.7 MOO7: no return value found for function

Warning Message
WARN_MEDIUM(MOQ7 Simulation Issue) no return value found for function

Severity
Medium, should fix before start simulation

Description
Check return value of functions, all functions should return values.

Example
module test ( in, out);
input in;
output [7:0] out;
out = funcl(in);
function [7:0] funcl;
input  a;
if(a) //when a=0, function does not have a return value
funcl=7"hff;
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endfunction
endmodule

3.2.8 MO0O08: case label should not larger than max value of case variable

Warning Message

WARN_MEDIUM(MO0O08 Simulation Issue) case label should not larger than max
value of case variable

Severity
Medium, should fix before start simulation

Description
Check case label larger the max value of case variable.

Example
module test(inl,outl);
input [1:0] in1;
output [15:0] outl;
reg [15:0] outl;
always @(inl or in2 or in3 or in4)
if((in1+in2)<(in3+in4))//width mismatch  found in operation,
OPERATION_LEFT_WIDTH(9) '= OPERATION_RIGHT_WIDTH(16) in operation
outl="b0;
else
outl='bl;
endmodule

3.2.9 MO0O09: conditional expression should not all constant value

Warning Message
WARN_MEDIUM(MO0Q9 Simulation Issue) conditional expression should not all
constant value

Severity
Medium, should fix before start simulation
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Description
Check all constant value conditional expression

Example
module test(in, out);
output reg out;
input reg in;

always @(in)
for (i=0;1>=0;i=i+1) // conditional expression should not all constant
value
out = in;
endmodule

3.2.10 MO010: constant cannot be used as event control condition

Warning Message
WARN_MEDIUM(MO010 Simulation Issue) constant cannot be used as event
control condition

Severity
Medium, should fix before start simulation

Description
Check to find constant used as event control condition

Example
module test(in, out);
output reg out;
input reg in;
parameter PARAM=8§;

always @( PARAM ) // constant cannot be used as event control condition

out = in;
endmodule
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3.2.11 MO011: event expression should not use "|", "||", please replace it
with "or"

Warning Message
WARN_MEDIUM(MO011 Simulation Issue) event expression should not use "|",
"II', please replace it with "or"

Severity
Medium, should fix before start simulation

Description
Check "|", "||" used in an event expression. Should replace with 'or'.

Example
module test(clk,rst,in,out);
output reg out;
input reg in;
input clk,rst;
always @( posedge clk | nedgedge rst ) //event expression should not use
"M, please replace it with "Mor™

if( Irst)
out <= 1'b0;
else
out <= lin;
endmodule

3.2.12 MO012: found shifted out signal

Warning Message
WARN_MEDIUM(MO012 Simulation Issue) found shifted out signal

Severity
Medium, should fix before start simulation

Description
Check all bits shifted out in shift operation

Example
module test(inl, in2, outl);
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input inl,in2;
output outl;
reg[15:0] regl,reg?;

outl=inl&in2;
reg2 = regl << 16;//Warning 16 bits of regl all shifted out
endmodule

3.2.13 MO013: last case label is not default

Warning Message
WARN_MEDIUM(MO013 Simulation Issue) last case label is not default

Severity
Medium, should fix before start simulation

Description
Check to see last case label is not default

Example
module test(in,out);
output reg [2:0] out;

input [2:0] in;
always @(in)
case (in)
0: out = 'd0;
1: out = 'd1;
2: out = 'd2;
default: out = 0;//last case label is not default
3: out = 'd3;
endcase
endmodule

3.2.14 MO014: operation on value "X/Z" or assign directly by value "Z" are
not recommended

Warning Message
WARN_MEDIUM(MO014 Simulation Issue) operation on value "X/Z" or assign
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directly by value "Z" are not recommended

Severity
Medium, should fix before start simulation

Description
Check operation performed on value "X/Z" or assign directly by value "Z", it
will reduce simulation mismatch between pre-synthesis and post-synthesis.

Example
module test(in,out,); //Warning: null port detected in module definition
input in;
output out;
wire tmpl, tmp2;
assign tmpl=in & 1'bx;//Warning(simulation mismatch): operation on
value ""X/Z"" or assign directly by value ""Z""
are not recommended
assign tmp2=1'bz; //Warning(simulation mismatch): operation on value
""X/Z™ or assign directly by value ""Z"" are not
recommended
assign out=in & tmpl & tmp2;
endmodule

3.2.15 MO015: signal in sensitivity list changed in its block

Warning Message
WARN_MEDIUM(MO15 Simulation Issue) signal in sensitivity list changed in its
block

Severity
Medium, should fix before start simulation

Description
Check sensitivity signal to make sure its not changed in the same block

Example
module test(inl,in2,out);
output reg out;
input reg inl,in2;
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always @( inl orin2)
in1=0;//Warning: signal in sensitivity list changed in its block
out=in2;
endmodule

3.2.16 MO016: logical operators (&&, ||) used on vectors

Warning Message
WARN_MEDIUM(MO016 Simulation Issue) logical operators (&&, ||) used on
vectors

Severity
Medium, should fix before start simulation

Description
Check operands of single-bit logic operator (&&, ||), vectors are illegal
operands. For expression "OP1 && OP2", recommended style is "(JOP1) &&
(JOP2).

Example
module test(inl,in2,out);
output out;
input [1:0] inl,in2;
always @( inl orin2)
if (in1 && in2) //logical operators (&&, ||) used on vectors
out = 1;
endmodule
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3.3 Hardware Bug

3.3.1 HOO1: buffered clock detected

Warning Message
WARN_HIGH(H001 Hardware Bug) buffered clock detected

Severity
High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description
Check design to find buffered clock.

Example
module test ( in, clk, rst, out );
input clk, rst, in;
output reg out;
wire clk_buf;
buf buf_instance(clk_buf, clk);//buffered clock detected
always @( posedge clk_buf or posedge rst )

if (rst)
out <= 1'b0;
else
out <= in;
endmodule

3.3.2 HO002: combinational loop detected

Warning Message
WARN_HIGH(H002 Hardware Bug) combinational loop detected

Severity
High, must fix, some may not be found by simulation, but will introduce

hardware bugs.

Description
Check combinational loop in design.
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Example
module test;
wire a,b,c;
assign b = Ic;
assign ¢ = a & b; //warning on ""c->c->c""
endmodule

3.3.3 HO003: edge trigger logic is not allowed inside task

Warning Message
WARN_HIGH(H003 Hardware Bug) edge trigger logic is not allowed inside task

Severity

High, must fix, some may not found by simulation, but will introduce hardware
bugs.

Description

Check tasks, edge trigger is not allowed inside tasks.

Example
task taskl;
input clk,in;
output reg out;

always @( posedge clk ) //edge trigger logic is not allowed in task
process.

out <=lin;
endtask

3.3.4 HO004: non-constant shift amount is not allowed

Warning Message
WARN_HIGH(H004 Hardware Bug) non-constant shift amount is not allowed

Severity
High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description
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Check non-constant shift amount.

Example
module test ( inl,in2, clk, out);
input clk;
input [7:0] in1;
input [2:0] in2;
output reg [7:0] out;
always @( posedge clk)
out = in1<<in2; //™in2"" is not a static constant
endmodule

3.3.5 HO0O05: recursive function/task call found

Warning Message
WARN_HIGH(H005 Hardware Bug) recursive function/task call found

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description
Check recursive function or task call

Example
module test ( );
function [7:0] funcli;
input [7:0] a;
input [7:0] b;
funcl = func2(a,b);//recursive function call funcl-func2-funcl-...
endfunction

function [7:0] func2;
input [7:0] a;
input [7:0] b;
func2 = funcl(a,b);//recursive function call funcl-func2-funcl-...
endfunction
endmodule
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3.3.6 HOO0G: reset is not allowed driven by combinational logic

Warning Message
WARN_HIGH(H006 Hardware Bug) reset is not allowed driven by
combinational logic

Severity
High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description
Check whether reset signal driven by combinational logic.

Example
module test (in, in_rst, in_en, clk, out );
input clk, in_rst, in_en,in;
output reg out;
wire rst;
assign rst=in_rst & in_en;//reset is not allowed driven by combinational
logic
always @( posedge clk or posedge rst )
if (rst)
out <= 1'b0;
else
out <= in;
endmodule

3.3.7 HO0OQ7: set is not allowed driven by combinational logic

Warning Message
WARN_HIGH(HO007 Hardware Bug) set is not allowed driven by combinational
logic

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.
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Description
Check whether set signal driven by combinational logic.

Example
module test (in, in_set, in_en, clk, out );
input clk, in_set, in_en,in;
output reg out;
wire set;
assign set=in_set & in_en;//set is not allowed driven by combinational

logic
always @( posedge clk or posedge set )
if (set)
out <= 1'b1;
else
out <= in;
endmodule

3.3.8 HO008: set/reset signal found both active high and low

Warning Message
WARN_HIGH(H008 Hardware Bug) set/reset signal found both active high and
low

Severity
High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description
Check set/reset signal active level, its not allowed to be both active high and
low.

Example
module test ( in, rst, clk, outl,out? );

input clk, rst,in;

output reg outl, out2;

always @( posedge clk or posedge rst )
if (rst)

outl <= 1'b0;

else
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outl <=in;

always @( posedge clk or nedgedge rst ) //set/reset signal found both
active high and low

if (Irst)
out2 <= 1'b0;
else
out2 <= lin;
endmodule

3.3.9 HO009: heavy fanout found

Warning Message
WARN_HIGH(H009 Hardware Bug) heavy fanout found

Severity
High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description
Check fanout for all siganls.

Example
module test ( in, out );
input in;
output out;
wire tmpl,tmp2,tmp3,tmp4,tmp5,tmp6,tmp7;
assign tmpl=in;
assign tmp2=in;
assign tmp3=in;
assign tmp4=in;
assign tmp5=in;
assign tmp6=in;
assign tmp7=in;//heavy fanout for signal ""in™"
assign out=func_test(tmpl,tmp2,tmp3,tmp4,tmp5,tmp6,tmp7)
endmodule
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3.3.10 HO010: no load found for current signal

Warning Message
WARN_HIGH(H010 Hardware Bug) no load found for current signal

Description
Check load for all internal signals. Internal siganl without load should be

removed.

Severity
High, must fix, some may not be found by simulation, but will introduce

hardware bugs.

Example

module test ( in, out );
input in;
output out;
wire tmp;
assign tmp=lin;//""tmp"" has no load
assign out=lin;

endmodule

3.3.11 HO011: variable not initialized in combinational process

Warning Message
WARN_HIGH(HO011 Hardware Bug) variable not initialized in combinational
process

Severity
High, must fix, some may not be found by simulation, but will introduce

hardware bugs.
Description

Check to see if there is any variable which is referenced before initialized in
combinational process, which will result in additional storage after synthesis

Example
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module test( in, out );
input in;
output reg out;
reg tmp;
always @ (in)
begin
if (lin)
out = tmp;
out = in;
end
endmodule

3.3.12 HO012: variable not initialized in edge-trigger process

Warning Message
WARN_HIGH(H012 Hardware Bug) variable not initialized in edge-trigger
process

Severity
High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description
Check to see if there is any variable which is referenced before initialized in
edge-trigger process, which will result in additional storage after synthesis

Example
module test ( in, set, clk, out );
input clk, set;
input reg [1:0] in;
output reg [1:0] out;
reg [1:0] tmp;
always @( posedge clk or posedge set )
if (set)
out <= tmp; //""tmp"" is not initialized
else
out <= in;
endmodule
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3.3.13 HO013: multi driver found for some siganls

Warning Message
WARN_HIGH(H013 Hardware Bug) multi driver found for some siganls

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description

Scan all siganls in design under all possible conditions. Detect all possible
multi-driver for all signals.

Example
module test( inl, in2, out );
input inl, in2;
output out;
assign out=inl;
assign out=in2;//multi driver found for ""out™"
endmodule

3.3.14 HO014: asynchronous loop detected

Warning Message
WARN_HIGH(H014 Hardware Bug) asynchronous loop detected

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description
Check asynchronous loop

Example
module test(clk,inl, in2, outl);
input clk;
input reg[15:0] in1;
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output reg[15:0] outl;

reg[15:0] in1,outl;

reg sync_rst;

always @( outl )//outl->sync_rst->outl

if (outl ==inl)
sync_rst = 1;
else
sync_rst = 0;

always @(posedge clk or posedge sync_rst)
if (sync_rst)
outl < =0;
else
outl < = outl + 1;
endmodule

3.3.15 HO015: bit range signal should not be used in sensitivity list

Warning Message
WARN_HIGH(HO015 Hardware Bug) bit range signal should not be used in
sensitivity list

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description
Check bit range signal used in sensitivity list

Example
module test(in,out);
output reg [2:0] out;
input [2:0] in;
always @(in[1]) //bit range signal should not be used in sensitivity list
out=in;
endmodule
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3.3.16 HO16: blocking assignment cannot be used in edge triggered
blocks

Warning Message
WARN_HIGH(H016 Hardware Bug) blocking assignment cannot be used in
edge triggered blocks

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description
Check blocking assignment cannot be used in edge trigger blocks. This coding
style may cause mismatch between pre and post-synthesis simulation

Example
module test(clk,rst,in,out);
output reg out;
input reg in;
input clk,rst;
always @( posedge clk or nedgedge rst )
if( Irst)
out <= 1'b0;
else
out = in;//blocking assignment cannot be used in edge triggered
blocks
endmodule

3.3.17 HO017: clock signal used as data input or reset detected

Warning Message

WARN_HIGH(H017 Hardware Bug) clock signal used as data input or reset
detected

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description
Check clock used as a data input or reset
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Example
module test(clock_in, out);
input clock_in;
output out;

always @(posedge clock_in)

y1 = clock2;//clock signal used as data input detected
endmodule

3.3.18 HO018: constant value found connected to Instance port

Warning Message

WARN_HIGH(H018 Hardware Bug) constant value found connected to
Instance port

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description

Check to find constant value connected to instance port

Example
module test(in,out);
input in;
output out;

or or_instance(in,0,out);//constant value found connected to Instance port
endmodule

3.3.19 HO019: divisor in division or modulo must be a constant

Warning Message

WARN_HIGH(H019 Hardware Bug) divisor in division or modulo must be a
constant
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Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description

Check divisor(second operand) in division or modulo, it must be a constant,
otherwise cannot be synthesized.

Example
module test(inl, in2, outl,out?);
input [1:0] in1, in2;
output reg [2:0] outl,out?;
always @(in1 or in2)
outl =inl/in2;// divisor in division or modulo must be a constant

outl =inl % in2 ; //divisor in division or modulo must be a constant
endmodule

3.3.20 HO020: incomplete sensitivity list found

Warning Message

WARN_HIGH(H020 Hardware Bug) incomplete sensitivity list found

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description

Check signals missed in sensitivity list.

Example

module test(inl,in2,out);

output out;

input inl,in2;

always @(in1) //incomplete sensitivity list found, in2 should also be
included here

out=in2+in2;

endmodule
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3.3.21 HO021: module without output found

Warning Message
WARN_HIGH(H021 Hardware Bug) module without output found

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description
Check whether there is output for a moudle

Example
module test(in);//module without output found
input in;
wire tmp;
tmp=lin;
endmodule

3.3.22 HO022: no driver signal found

Warning Message
WARN_HIGH(H022 Hardware Bug) no driver found for signal

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description

Check internal and output signals to make sure drivers found for them.

Example
module test(clk,set,in,out,out?);
output reg out;
input reg in;
input set;
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input clk;
wire tmp;//Warning: no driver signal found
always @( posedge clk or posedge set )

if( set)
out <=in;
else
out <= tmp;
endmodule

3.3.23 HO023: non-constant value found for loop count

Warning Message
WARN_HIGH(H023 Hardware Bug) non-constant value found for loop count

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description
Non-constant loop count are not recommended.

Example

module test(clk,in, out);

input clk;

input reg [1:0] in;

output reg [7:0] out;

integer i

always @(posedge clk)

for(i=0;i<in;i++)//Warning(Bad-style): non-constant value found for
loop count
out[i]<=out[i+1]

endmodule

3.3.24 HO024: none-blocking assignment cannot be used in combinational
blocks

Warning Message
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WARN_HIGH(H024 Hardware Bug) none-blocking assignment cannot be used
in combinational blocks

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description

Check none-blocking assignment cannot be used in combinational blocks.

This coding style may cause mismatch between pre and post-synthesis
simulation

Example
module test(in,out);
output out;
input in;
always @(in)
out<=in; //none-blocking assignment cannot be used in
combinational blocks

endmodule

3.3.25 HO025: none-constant case label detected

Warning Message

WARN_HIGH(H025 Hardware Bug) none-constant case label detected

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description

Check all case labels and detect none-constant ones.

Example
module test(in,out);
output reg [2:0] out;
input [1:0] in;
wire [1:0] tmp;
assign tmp=in;
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always @(in)
case (in)
0: out = 'd0;
1: out = 'd1;
2: out = 'd2;
tmp: out = 'd3;//Warning: none-constant case label detected
endcase
endmodule

3.3.26 HO026: null port detected in module definition

Warning Message
WARN_HIGH(H026 Hardware Bug) null port detected in module definition

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description

Check null port used in module definition.

Example
module test(in,out,); //Warning: null port detected in module definition
input in;
output out;
assign out=lin;
endmodule

3.3.27 HO027: only single bit clock is allowed

Warning Message
WARN_HIGH(H027 Hardware Bug) only single bit clock is allowed

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.
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Description
Check multi-bit signal used as clock.

Example
module test(clk,rst,in,out);
output reg out;
input reg in;
input rst;
input [1:0]clk;
always @( posedge clk or nedgedge rst ) //only single bit clock is allowed

if( Irst)
out <= 1'b0;
else
out <= lin;
endmodule

3.3.28 HO028: polarity of asynchronous set/reset signal mismatch in
condition and sensitive list

Warning Message
WARN_HIGH(H028 Hardware Bug) polarity of asynchronous set/reset signal
mismatch in condition and sensitive list

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description
Check polarity of asynchronous set/reset signal, makre sure no mismatch
found in condition and sensitive list

Example
module test(clk,rst,in,out);
output reg out;
input reg in;
input rst;
input clk;
always @( posedge clk or nedgedge rst )
if( rstl ) //Warning: polarity of asynchronous set/reset signal mismatch in
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condition and sensitive list

out <= 1'b0;
else
out <= lin;
endmodule

3.3.29 HO029: redundant asynchronous signal found in sensitive list

Warning Message

WARN_HIGH(H029 Hardware Bug) redundant asynchronous signal found in
sensitive list

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description

Check redundant asynchronous signal in sensitive list.

Example
module test(clk,rst1,rst2,in,out);
output reg out;
input reg in;
input rstl,rst2;
input clk;
always @( posedge clk or nedgedge rstl or negedge rst2 )
//Warning(nonsynthesizable): redundant asynchronous signal found in

sensitive list
if( rstl)
out <= 1'b0;
else
out <= lin;
endmodule

3.3.30 HO030: set or reset detected used as data signal

Warning Message
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WARN_HIGH(H030 Hardware Bug) set or reset detected used as data signal

Severity
High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description
Check set or reset used as a data signal.

Example
module test(clk,rst,in,out);
output reg out;
input reg in;
input rst;
input clk;
wire tmp;
tmp=rst;//Warning: set or reset detected used as data signal
always @( posedge clk or nedgedge rst )

if( rstl)
out <= 1'b0;
else
out <= lin;
endmodule

3.3.31 HO031: set/reset should not be used as synchronous and
asynchronous simultaneously in the same module

Warning Message
WARN_HIGH(H031 Hardware Bug) set/reset should not be used as
synchronous and asynchronous simultaneously in the same module

Severity
High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description

Check set and reset signal to make sure they are not used as synchronous and
asynchronous simultaneously in the same module
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Example
module test(clk,rst,in,out,out?);
output reg out;
input reg in;
input rst;
input clk;
always @( posedge clk or posedge rst )//Warning: set/reset should not be
used as synchronous and asynchronous simultaneously in the same module

if( rst)

out <= 1'b0;
else

out <= lin;

always @( posedge clk )//Warning: set/reset should not be used as
synchronous and asynchronous simultaneously in the same module

if( rst)
out2 <= 1'b0;
else
out2 <= in;
endmodule

3.3.32 HO032: signal assigned with both blocking and non-blocking
expression

Warning Message

WARN_HIGH(H032 Hardware Bug) signal assigned with both blocking and
non-blocking expression

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description

Check signals assigned with both in blocking and nonblocking expressioin, it
will reduce simulation mismatch between pre-synthesis and post-synthesis.

Example
module test(inl,in2,out);
output reg out;
input reg inl,in2;

CONFIDENTIAL & PROPRIETARY 53 of 85 Copyright ©2021 JIUXIAOTech Corporation



UltraEDA UserManual

always @( inl orin2)
if(inl)
out = 1'b0; //signal assigned with both blocking and
non-blocking
else
out <= in2; //signal assigned with both blocking and
non-blocking
endmodule

3.3.33 HO033: synthesizable issue found, edge and non-edge expression
mixed in sensitive list

Warning Message

WARN_HIGH(H033 Hardware Bug) synthesizable issue found, edge and
non-edge expression mixed in sensitive list

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description

Check synthesizable issue, edge and non-edge expression mixed in sensitive
list, it will result in synthesis issue.

Example
module test(clk,rst,in,out);
output reg out;
input reg in;
input clk,rst;
always @( posedge clk or rst ) //edge and non-edge expression mixed in
sensitive list
if( rst)
out <= 1'b0;
else
out <=in;
endmodule
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3.3.34 HO034: Non-constant delay found

Warning Message
WARN_HIGH(H034 Hardware Bug) Non-constant delay found

Severity

High, must fix, some may not be found by simulation, but will introduce
hardware bugs.

Description

Check to see if there is any delay value that is not a constant.

Example
module test(clk, in, out);
input clk, in;
output reg out;
reg [7:0] delay;
initial delay = 0;
always #4 delay = delay+1;
always @(posedge clk)

q = #delay g_nxt; //""delay™ is not static constant
endmodule

3.3.35 HO035: redundant asynchronous signal found in sensitive list

Warning Message
WARN_HIGH(H035 Hardware Bug) signal is load inside a combinational
process/always block but missed in the sensitivity list

Severity
High, must fix, some may not be found by simulation, but will introduce

hardware bugs.

Description
Check load signal signal in sensitive list.
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Example
module test_senstive_list( i_address, i_b, i_data, result);
input [7:0] i_address;
input i_enable;
input [31:0] i_data;
output reg [31:0] result;

always @ (i_address or i_enable)
begin
if(i_enable)
begin
case(i_address)
"ETH_TX_CTRL_ADR : result=i_data;//"i_data” not in sensitive
list
Default . result=32"h0;
endcase
end
else
result=32'h0;
end
endmodule
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4 AutoBench
4.1 AutoBench Introduction

4.1.1 Whatis AutoBench

AutoBench is used to generate an UVM testbench automatically. It provides the base UVM
class needed to quickly develop well-constructed and reusable UVM verification
components and test environments.

4.1.2 Who are target users

Systemverilog is the most popular ASIC verification language, and UVM is a systemverilog
class library which provides verification framework. UVM is very powerful but also hard to
learn. Normally, DV owners with less than 5 years working experience, cannot handle UVM
freely. These engineers are target users of “Autobench” generator.

4.1.3 How to use AutoBench

The only input of the tool is DUT top file. AutoBench provides following items automatically
for UVM testbench:

interface definition

agents and a stimulus generation handle

ready to run sanity test

handles for virtual interface, clock and reset BFM

FEEEE

demon Makefile for simulation

DV owners can configure single or multiple clocks and period of each clock separately. They
can also add stimulus inside the sanity test generated. DV owners can add more tests after
sanity test works.

The primary audience for AutoBench is DE or new DV owners who cannot build UVM
testbench from scratch in a very short time.

4.2 Generate UVM testbench step by step

DV owners can start generating UVM testbench once RTL top is ready. To unblock DV
owners’ work, DE can provide the very initial version of DUT top file, it only needs to include
interface definitions.

Example, DUT top file is “adder.v”, users can following the step by step demon to generate
an UVM testbench and simulation environment.
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< Step 1. Start AutoBench: Click “AutoBench” button in IDE left panal.

naotescn

s

Figure 3 — Start AutoBench

< Step 2. Select RTL: Click “AutoBench” button in IDE view and choose RTL top file (.v) as
expected then click “Open” button.

|| Open Input verilog File

x
Look in: [ irootDownloadsfautobench ~ @& 5 4 B [(IE
Compu... Name ~ Size Type  Date Modified
s th Folde 4723 3:20 PM
root B i

lests Folder  4/7/23 3:20 PM

B addry 4 biyles v File 47123 3:19 PM

File name:  |addry B open

Files of type: | .v file *v) > || @cancel

Figure 4 — Select RTL

< Step 3. Select Target Path: Click “Open” to select a target path to store the generated
files.
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Target UVM AutoBench Path X

Please select the target path for generated files:

/home Open

@ Cancel FOK |

Figure 5 — Select Target Testbench Path

< Step 4. Generate UVM testbench: If no RTL issues found in interface definition part,

testbench, bringup test and regression will be generated.
Result x

Testbench generation is done under path:
froot/ril

| POK

Figure 6 — Generate Testbench done

< Step 5. Testbench Files: Related testbench and test files can be found under the input

target path from step 3:
+ target-path/tests/README.txt
+ target-path/tests/Makefile
+ target-path/tests/test_lib.sv
+ target-path/tests/filelist
+ target-path/tests/bringup.sv
+ target-path/tb/adder_wr_seq.sv
+ target-path/tb/adder_wr_agent.sv
+ target-path/tb/adder_rd_monitor.sv
+ target-path/tb/README.txt
+ target-path/tb/adder_rd_driver.sv
+ target-path/tb/adder_params.svh
+ target-path/tb/adder_intf.sv
+ target-path/tb/Makefile
+ target-path/tb/adder_env.sv
+ target-path/tb/adder_test.sv
+ target-path/tb/adder_rd_agent.sv
+ target-path/tb/adder_env_config.sv
+ target-path/tb/adder_test_defines.svh
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+ target-path/tb/adder_wr_agent_config.sv
+ target-path/tb/adder_fc_subscriber.sv

+ target-path/tb/adder_intf_signals.sv

+ target-path/tb/adder_scoreboard_config.sv
+ target-path/tb/top_tb.sv

+ target-path/tb/adder_rd_trans.sv

+ target-path/tb/adder_seq_lib.sv

+ target-path/tb/adder_rd_agent_config.sv
+ target-path/tb/adder_scoreboard.sv

+ target-path/tb/adder_wr_monitor.sv

+ target-path/tb/adder_wr_trans.sv

+ target-path/tb/adder_pkg.sv

+ target-path/tb/adder_clk_reset.sv

+ target-path/tb/adder_rd_seq.sv
=iTarget—path/tb/adderﬁwrﬁdriver.sv

Step 6. Compile: There is a demon “Makefile” for simulation using synopsys VCS tool.
When users run “Autobench”, it will generate Make file under Test directory.

root@VM-0-2-centos:~/rtl/tests

File Edit View Search Terminal Help

omatically generated

cmp run verdi cov clean

UVM_BASE_LIB := /usr/lecal/share/ueda/autobench/base
AUTOBENCH_ENV_DIR :=/root/rtl

F ./filelist

undefined)

ead -4 /dev/urandor d -N 4 -D -A n |awk *{gsub(/ /,"")}1

cmp run

-lca -kdb -timescale=1ns/1ns -debug access+all \
1 cmp.log

ves -fullé4 -sverilog
-ntb_opts uvm-1.2 ${FL}

./simv -1 run.log +UVM TESTNAME=bringup +DUMPWAVE=1 +ntb random seed=${SEED}
verdi -nologo -ssv -ssy -ssz -elab ./simv.daidir/kdb.elab++/ -ssf test.fsdb &
./simv.vdb &

verdi -cov -covdir

rm -rf csrc simv* vc hdrs.h ucli.key urg* *.log *.fsdb novas.conf novas.rc vdCovLog verdilog

Figure 7 — Makefile Generated

< Step 7. First Test: After compile passed, UVM testbench is ready for simulation. Users

do not need to care about details of the testbench, only need to focus on adding stimuli

and compare data.

4.3 Simulation Demon

adder.v is a very simple RTL example for “adder” function: “result=i_a+i_b", showed in the

picture below.

CONFIDENTIAL & PROPRIETARY

60 of 85 Copyright ©2021 JIUXIAOTech Corporation



UltraEDA UserManual

© T
\Weleote 2 Autobench Example RTL
3 ]
¥ 4 module adder
New 5 (
6 input clk,
7 input rst_n,
Open 8 input [7:0] i a,
9 input [7:0] i_b,
10 output reg [8:0] result
Open Folder | 11 ):
@ 1
13 always @(posedge clk or negedge rst_n)
Z 14 if(~rst_n)
Bid 15 | result <= 9'b0;
Compare 16 else

17 [ result<=ia+ib;

19 end riwdule

Figure 8 -Demon RTL “adder.v”

431 “TODO’ items for simulation

After generating testbench following guidance of previous section, users can find two
directories, tb/ and tests/, under the target path. Go to tb/ directory, and search for
“FIXME_TODOQO" in all generated files. After updating these information in testbench files,
users can get a regular testbench.

Figure 9 —Demon RTL adder.v

Here are files need to be updated.

File name Usage To do item in Demon
Testbench

CONFIDENTIAL & PROPRIETARY 61 of 85 Copyright ©2021 JIUXIAOTech Corporation



UltraEDA UserManual

adder_rd_monitor.sv

adder_rd_driver.sv

adder_intf.sv
adder_fc_subscriber.sv
adder_intf_signals.sv
top_tb.sv
adder_rd_trans.sv

adder_scoreboard.sv

adder_wr_monitor.sv

adder_wr_trans.sv
adder_clk_reset.sv

adder_wr_driver.sv

Collect output at signal level, pack and

send to scoreboard

Always used in read driver from passive

ports, in this demon testbench it can be

ignored.

Define interface signals

Collect functional coverage

Define transactions collected by monitors

Testbench top

Read driver used transaction

1. Receive transaction and calculate
expected output.

2. Receive output transaction and
compare with expected output
Collect input at signal level, pack and send

to scoreboard

Define transactions used by drivers
Configure clock and reset

Receive transaction and add stimuli to

DUT
Table 5

4.3.2 Simulation result

The picture below shows simulation result.

Signals
[Tine
rstn=1)

_ves_msglog
_ves_unit_3842716428

] k=
i a[7:0] =4floc

1 b(7:0) =4

um._custom_install_recording
» . Zauvm_custom_install_verdi_recordint

» auvm_pkg result[8:0] =o|

wire ¢
wire  clk

wire  a[7.0]
wire  Lb[7:0]
reg  result[s:.0]
wire st

Q

Append Insert Replace

Ten transactions send by the demon test after reset. It can be found result match

expected(i_a+i_b).
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UltraWave - /root/susan/adder.vcd

From: 15ns To; 139ns

Waves
20 ns

Add signal names and transaction fields name.

No

add interface signals

Add user defined cover points
Add transaction fields names
DUT instance signals

No

Fill “compare” function

Add signal names and transaction fields name.

Add transaction fields names
Add clock and reset name

Add signal names and transaction fields name.

- Testbench files

Figure 10 —Demon RTL adder.v
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4.3.3 Coverage report

Figure below shows the functional coverage result in the demon RTL.

Group :
adder_pkg::adder_fc_subscriber::adder_cover_grol

SCORE INSTANCES WEIGHT GOAL AT £ ALTO EEANT,

33.33

LEAST  INSTANCE BIN MAX MISSING

33.33 1 100 1 1 64 64

Source File(s) :
Irootfautobench/adderftests/. .ftbfadder_fc_subscriber.sv

1Instances:

AT ki PRINT
NAME SCORE WEIGHT GOAL LEAST :E:Lx MISSH
top_th.me.obj.adder_cover_group 33.33 1 100 1 64 1

Summary for Group
adder_pkg::adder_fc_subscriber::adder_cover_group

CATEGORY EXPECTED UNCOVERED COVERED PERCENT
Vfariahles 3 2 11 3333

Variable : signal_a

Summary for Variable signal_a

CATEGORY EXPECTED UNCOVERED COVERED PERCENT
User Defined Bins 3 2 1| 3333

User Defined Bins for signal_a

Uncovered bins

NAME COUNT AT LEAST NUMBER
signal a max 0 il Al
signal_a_min 0 1 =}

Covered bins

NAME COUNT AT LEAST

signal_a_normal 59 1

Figure 11 —Demon RTL adder.v

Three bins defined for input i_a(signal_a):

® siangal_a_min i_a=0;
® signal_a_normal 1<i_a<?255;
® signal_a_max i_a=255;

Fully random input “i_a” does not touch “siangal_a_min” and “signal_a_max” scenario, so

result is 33.33%, which match expectation.

4.4 Class reference

“AutoBench” generate testbench on base classes($INSTAL_DIR/autobench/base) provided
by the software. Normally, DV owners will use this tool to verify different modules at the
same time, base class should be included in each simulation. Users can also set up

environment variable as “set AUTOBENCH BASE LIB=$INSTAL DIR/autobench/base’.

Base class on this layer is not visible to users. DV owners can modify subclass generated from
base class and RTL top to get all flexibility they want. Normally, DV owners do not need to
understand how base class works and how it connects to subclass generated. So, we only list

important classes on this layer for better understanding of the “AutoBench” methodology.

Following sections list contents (important Variables and functions) of base classes.

< $AutoBench./base/README.txt
< $AutoBench./base/Makefile
< $AutoBench./base/base_env_config.svp
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$AutoBench./base/base_agent_config.svp
$AutoBench./base/base_driver.svp
$AutoBench./base/base_env.svp
$AutoBench./base/base_scoreboard.svp
$AutoBench./base/base_scoreboard_config.svp
$AutoBench./base/base_macros.svh
$AutoBench./base/base_agent.svp
$AutoBench./base/base_fc_subscriber_config.svp
$AutoBench./base/base_transaction.svp
$AutoBench./base/base_fc_subscriber.svp
$AutoBench./base/base_test.svp
$AutoBench./base/base_pkg.svp
$AutoBench./base/base_clk_reset.svp
$AutoBench./base/base_clk_reset_config.svp
$AutoBench./base/base_sequencer.svp

R R IR R R SR S S R R IR RS

$AutoBench./base/base_monitor.svp

4.4.1 base_test

4.4.1.1 summary

This class is the base class for the AutoBench generated tests.

The base_test class is used as the base for generated tests. After UVM testbench generated,
AutoBench tool will generate another test “RTLNAME_test” based on this. RTLNAME_test
keeps all flexibility users needed to configure the testbench environment. Then, based on
RTLNAME _test, users can develop their own tests for different scenarios.

Deriving from base_test provides the ability to configure everything the test may need but
hide lower-level details. base_test is provided with the installation package, and not allowed
to be modified.

4.4.1.2 Class Hierarchy

uvm_void
uvm_object
uvm_report object
uvm_component
uvm_test

base test
RTLNAME. test
bringup
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4.4.1.3 Methods

function new(string name="base_test",uvim_component parent=null), |

Creates a new instance of this class using the normal constructor arguments for uvm_test.
Parent is the handle of the hierarchical parent.

‘exz‘em virtual function void build_phase(uvm_phase phase), |

Creates env_config, env and report catcher inside build_phase.

‘exz‘em virtual function void end_of elaboration_phase(uvm_phase phase),‘

Set up timeout and drain time.

‘exz‘em virtual function void report_phase(uvm_phase phase); ‘

Process all messages after simulation finished, including all kinds of warnings, and errors.

‘funcz‘/on void set_timeout(time z‘),‘

Set simulation time out.

4.4.2 base_env_config

4.4.2.1 summary

This class is used for environment configuration. Following items are supported:
< num_of_agents: number of agents needed for current testbench;
< has_scoreboard: whether scoreboard is needed for current testbench;
< has_functional_coverage : whether needs to collect functional coverage;
< has_clk_rst: whether clk_reset is needed.

4.4.2.2 Class Hierarchy

uvm_void

uvm_object
base_env_config
RTLNAME_env_config

4.4.2.3 Methods

Ifuncz‘/on new(string name="base_env_config A

Creates a new instance of this class.

Ifuncz‘/on void set_num_of agents(int unsigned 54

Set number of agents needed for current testbench.
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Ifuncz‘/on void set_has_scoreboard(bit a=1 A
Set whether scoreboard is needed for current testbench. Default is adopting scoreboard.

Ifuncz‘/on void set_has_functional_coverage(bit a=1 /{
Set whether needs to collect functional coverage. Default is collecting functional coverage.

Ifuncz‘/on void set_has _clk rst(bit a=1 A
Set whether clk_reset is needed. Default is need clock and reset.

441 base_env

4.4.1.1 summary

This class is actually a hierarchical container of other components. It can be reused while
building higher level testbench environment.

4.4.1.2 Class Hierarchy

uvm_void
uvm_object
uvm_report object
uvm_component
uvm_env

base env
RTLNAME_env

4.4.1.3 Methods

function new(string name="base_env" .uvim_component parent = nu//j

Creates a new instance of this class and initialize it inside this function.

name: name registered;

uvm_component: named following this instance, parent is the handle to the hierarchical
parent.

function void build_phase(uvm_phase phaseA
Creates agents, scoreboard, subscriber(collect functional coverage) and clk_reset according

to the setting of base_env_config.

function void connect_phase(uvm_phase phaseA
Connects agents to scoredboard and agents to subscriber ccording to the setting of

base_env_config.
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4.4.2 base_scoreboard_config

4.4.2.1 summary

This class is used for scoreboard configuration. Following items are supported:

< use_fifo: whether or not using FIFOs for transaction transfer.

< check fifo_empty: when simulation finished, whether need to make sure all FIFOs
are empty.

<~ compare_tx_cnt : number of transactions need to compare.

< num_of_analysis_exports_groups: number of analysis_export group used for data
compare and collection functional coverage.

< expected_tx_cnt[]: expected transaction count for each analysis_export group.

4.4.2.2 Class Hierarchy

uvm_void

uvm_object

base scoreboard config
RTLNAME_scoreboard_config

4.4.2.3 Methods

Ifuncz‘/on new(string name="base_scoreboard_config /{

Creates a new instance of this class.

‘funcz‘/on void set_check_fifo_empty(bit a=1 A

Set “check_fifo_empty=1" as default, before simulation finish. There are several transaction
FIFOs inside scoredboard comes from driver, monitors. Setting “check_fifo_empty=1" means
it needs make sure all data inside these FIFOs are cleared.

function void set_use_fifo(bit a =1 A
Set “use_fifo=1" as default. Users could modify it in “RTLNAME_scoreboard config’ if no
FIFO needed.

function void set_num_of analysis_exports_groups(int aA

Set number of analysis_export group used for data compare and collection functional
coverage.

‘funcz‘/on void set_expected_tx cnt(int a, int bA

Set expected transaction count for each analysis_export group.

‘funcz‘/on void set_compare_tx_cnt(bit a=1 j

Set number of transactions need to compare. Default is 1.
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4.4.3 base_scoreboard

4.4.3.1 summary

This class is used to compare Data integrity between expected and real DUT output.

4.4.3.2 Class Hierarchy

uvm_void

uvm_object

uvm_report object
uvm_component
uvm_scoreboard

base scoreboard
RTLNAME_scoreboard_config

4.4.3.3 Methods

Ifuncz‘/on new(string name = "base_scoreboard’,uvim_component parend

Creates a new instance of this class.

‘funcz‘/on void build_phase(uvm_phase phaseA

Create analyse_export and transaction count. Create FIFOs if used.

‘funcz‘/on void connect_phase(uvm_phase phaseA

If adopting FIFOs, connect analyse_export to FIFO inside this function.

‘funcz‘/on void main_phase(uvm_phase phase/{

Users need to do compare in main_phase. But should keep “base_scoreboard” main_phase
clean and modify “RTLNAME _scoreboard” main_phase.

function void extract_phase(uvm_phase ,ohaseA

Compare transaction count and check whether FIFO is empty according to settings inside
scoreboard_config.

4.4.4 base_agent_config

4.4.4.1 summary

This class is used for agent configuration. Following items are supported:
< has_monitor: whether monitor is needed for current agent.

mode: master or slave mode

is_active: active or passive.

SRR

has_clk_rst: whether clk_reset is needed.
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4.4.4.2 Class Hierarchy

uvm_void

uvm_object

base agent config
RTLNAME_agent config

4.4.4.3 Methods

Ifuncz‘/on void set_ mode(MODE a =MAS TE/%
Set mode, default is MASTER mode.

Ifuncz‘/on void set Is_active(uvm_active_passive_enum a = UVM_ACTI VEJ

Set active or passive, default is active.

Ifuncz‘/on void set_has _clk rst(bit a=1 A
Set whether clk_reset is needed. Default is need clock and reset.

441 base_agent
4.4.1.1 summary

This class is used as containers of four subcomponents: clk_reset, base_driver,
base_sequencer, and base_monitor. There are two modes of this class: active and passive.
For an active agent, it should contain all four types of subcomponents. For a passive agent it
should only contain a base_monitor.

4.4.1.2 Class Hierarchy

uvm_void
uvm_object
uvm_report object
uvm_component
uvm_agent

base agent
RTLNAME_agent

4.4.1.3 Methods

function new(string hame="base_agent”,uvm_component parenz‘:nu/q

Creates a new instance of this class and initialize it inside this function.
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name: name registered.
uvm_component: named following this instance, parent is the handle to the hierarchical
parent.

function void build_phase(uvm_phase phaseA

Creates analysis_ports for testbench.
Creates base_driver, base_sequencer and base_clk_reset for active agent.
Creates base_monitor according to configuration of base_agent_config.has_monitor.

function void connect _phase(uvm_phase phaseA

For active agent, connect driver port to sequencer.
Connect base_monitor port according to configuration of base_agent_config.has_monitor.

4.4.2 base fc_subscriber config

4.4.2.1 summary

This class is used for subscriber configuration.

4.4.2.2 Class Hierarchy

uvm_void

uvm_object

base fc subscriber config
RTLNAME_fc subscriber_config

4.4.2.3 Methods

Ifuncz‘/on new(string name="base_fc _subscriber_config A

Creates a new instance of this class.

‘funcz‘/on void set_num_of fc_tx_fifos(int unsigned a=1 j

Set number of transaction FIFOs for functional coverage collection, default is 1.

4.4.3 base_fc_subscriber
4.4.3.1 summary

This class is mainly used for collecting functional coverage. It provides an export for receiving
transactions from a connected analysis export via a transaction FIFO.
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4.4.3.2 Class Hierarchy

uvm_void

uvm_object
uvm_report object
uvm_component
uvm_subscriber

base fc subscriber
RTLNAME_fc_subscriber

4.4.3.3 Methods

function new(string name="base_fc_subscriber”’,uvm_component parenz‘:nu/q

Creates a new instance of this class and initialize it inside this function.
“name”: name registered.
“uvm_component”: named following this instance, parent is the handle to the hierarchical

parent.

function void build_phase(uvm_phase phaseA
Create analyse_export and FIFOs. Numbers of export and FIFOs are defined inside

“base_fc_subscriber_config.num_of_fc_tx_fifos”.

‘funcz‘/on void connect_phase(uvm_phase phaseA

Connect analyse_export to FIFO export.

‘funcz‘/on void write(base_transaction z‘/l
Write transaction action, should be redefined inside “RTLNAME scoreboard.write”.

‘funcz‘/on void main_phase(uvm_phase phase/{
Collect functional coverage, should be redefined inside “R7TLNAME_scoreboard.main_phase”.

4.4.4 base_driver
4.4.4.1 summary

This class get new transactions from uvm_sequencer and translate to signal level
stimuli to DUT.

4.4.4.2 Class Hierarchy

uvm_void
uvm_object
uvm_report object
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uvm_component
uvm_driver#(REQ,RSP)
base _driver
RTLNAME_driver

4.4.4.3 Methods

function new(string hame="base_driver",uvm_component parenz‘/{

Creates a new instance of this class and initialize it inside this function.

name: name registered.

uvm_component: named following this instance, parent is the handle to the hierarchical
parent.

‘funcz‘/on void main_phase(uvm_phase phase/{

Call tx_driver() task to receive transaction and send it out to DUT at signal level.

4.4.1 base_monitor
4.4.1.1 summary

This class get collect signal level signal from DUT and package to transaction then
send to scoreboard via base_agent.

4.4.1.2 Class Hierarchy

uvm_void
uvm_object
uvm_report object
uvm_component
uvm_monitor
base_monitor
RTLNAME_monitor

4.4.1.3 Methods

function new(string nhame="base_monitor",uvm_component parend

Creates a new instance of this class and initialize it inside this function.

name: name registered.

uvm_component: named following this instance, parent is the handle to the hierarchical
parent.

function void main_phase(uvm_phase phase/{
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Call send_tx(), send_intf_signals() and send_fc_tx() tasks to collect signal level output and
packet to transaction for compare purpose.

4.4.2 base_clk_reset_config

4.4.2.1 summary

This class is used for base_clk_reset configuration. Following items are supported:
< num_of_clks: clock number

half_period: clock half period

num_of_rsts : number of resets

reset_active: reset active type.

RS

reset_hold_delay: hold delay of reset.

4.4.2.2 Class Hierarchy

uvm_void

uvm_object

base clk reset config
RTLNAME_clk reset config

4.4.2.3 Methods

Ifuncz‘/on new(string name="base_clk reset _config A

Creates a new instance of this class.

Ifuncz‘/on void set_num_of clks(int aA

Set clock number.

Ifuncz‘/on void set_num_of _resets(int aA

Set reset number.

Ifuncz‘/on void set_clk_half period(int a, real bj

Set clock half period.

Ifuncz‘/on void set_reset_hold_delay(int a, int b4

Set hold delay of reset.

Ifuncz‘/on void set _reset active(int a, ACTIVE_TYPE bA
Set reset active type.
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4.4.3 base_clk_reset

4.4.3.1 summary

This class is used to generate clock and reset according to configuration of the

base_clk_reset_config.

4.4.3.2 Class Hierarchy

uvm_void
uvm_object
uvm_report object
uvm_component
uvm_driver

base clk reset
RTLNAME._clk reset

4.4.3.3 Methods

function new(string name="base_clk reset",uvim_component ,oafend

Creates a new instance of this class and initialize it inside this function.

name: name registered.

uvm_component: named following this instance, parent is the handle to the hierarchical
parent.

task generate _reset(int index , ref logic aA

Generate reset signal according to setting of base_clk_reset_config.reset active and
base_clk_reset_config.reset_hold_delay.

task generate_clock(int index,ref logic 54
Generate clock signal according to setting of base_clk_reset_config. half_period.
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5 UltraReg

5.1 UltraReg Introduction

UltraReg is a tool that supports IC register definition automation. During the chip design
process, the bigger the scale of the chip design, the higher the complexity of the register
definition, and it is far beyond manpower control.

UltraReg is developed to build a digital chip register design verification flow, which
automatically generates RTL, RAL models and detailed design documents through the
register format predefined in an EXCEL file. Thus to save costs and shorten the life-cycle.

Input file: Register EXCEL+ Parameter Configuration File
Output file: RTL+RAL+ SV+ Document.

5.2 UltraReg User Guide

5.2.1 Input files and parameter descriptions

The format of input register table to generate RTL code is illustrated in the Figure 12. It
shows the registers of “example” module as an example. This example excel file is located
under directory /usr/local/share/ueda/ultraReg/example/, you may re-use it as a template
for your real use case.

Register Header
Module Name example
Project Name ultraEDA1 O
Base Addr 0x8000_0000
Addr Width 32
Clock helk
Resetn hresetn
Version vl
Config Parameter AHB
Register Define
Offset RegName Width Description Bit Field Field Name R/W. RstV Field Description
0x00 r_ctrl 32 Control register [31:1] reserved RO 0 reserved fields, read only, return 0,reset value is 0
[0] mov_average en _|RW. 0 module enable,reset value is 0
0x04 r_cal_start 32 start caculation [31:1] reserved RO 0
[0] r_cal_start wc 0 start caculation, active high,reset value is 0
0x08 r_cal_stop 32 stop caculation [31:1] reserved RO 0
[0] r_cal stop wc 0 stop caculation, active high,reset value is 0
0x0c r_max_th 32 maximum value threhold[31:10] reserved RO 0
1[9:0] r_max_th RW 0 maximum value threhold,reset value is 0
0x10 r_max_int_en 32 max_int control register |[31:3] reserved RO 0
2] r_max_int_mask __|WC 0 interrupt mask, reset value 0
11 r_max_int_clr WC 0 interrupt clear, generate 1cycle pusle to clear max data_int
[0] r_max_int_en RW 0linterrupt enable, reset value 0
0x14 max_data 32 max data [31:10] reserved RO (]
1[9:0] max_data RO 0|max data result
0x18 max_data_int 32 max_data_int status [31:1] reserved RO 0|
[0] max data_int RO 0 interrupt status
Oxlc r_ma_coef00 32 coeffect of input value in[31:0] r_ma_coef00 RW 0 coeffect of input value inside window, reset value is 0
0x20 r_ma_coef01 32 coeffect of input value in[31:0] r_ma_coef01 RW 0 coeffect of input value inside window, reset value is 0
0x24 r_ma_coef02 32 coeffect of input value in[31:0] r_ma_coef02 RW 0 coeffect of input value inside window, reset value is 0
0x28 r_ma_coef03 32 coeffect of input value in[31:0] r_ma_coef03 RW 0 coeffect of input value inside window, reset value is 0
0x2c r_ma_coef04 32 coeffect of input value in[31:0] r_ma_coef04 RW 0 coeffect of input value inside window, reset value is 0
0x30 _ma_coef05 32 coeffect of input value in[31:0] r_ma_coef05 RW 0 coeffect of input value inside window, reset value is 0

Figure 12 — UltraReg Input Register Excel For example example

5.2.1.1 Register Header

® Module Name
Project Name
® Base Addr
Specifies the base address of register module.
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® Clock
Specifies the main clock of register module.
® Resetn

Specifies the main reset of register module.

® Configure Parameter
Support AHB or APB to select the bus interface type.

5.2.1.2 Register Define

® Offset

Specifies register offset address. The format is prefixed with Ox and must be

word-aligned.

® RegName

Specifies register name.

Note: The register name can only include letters, numbers and underscore “_", and the first
character should not be a number. It cannot include any illegal characters, such as,
“/", "\n", enter key, blank space and so on.

® \Width

Specifies the bit-width of the register, and only 32 bits are supported .

Note: The registers with the bit width less than 32 can be is implemented by reserved field

mode

® Description

Register description.

® Bit Field

Specifies the range of register bit segments.

® Field Name

Specifies register filed name.

Note: The individual field naming convention is the same as register name.

If there are multiple “reserved” filed defined in one register, it will be distinguished via
increased number as suffix, such as reserved0/reservedl/reserved?... The ascending order is
done from low bit to high bit.
® R/W

Register read and write access properties that support RW, RO, WO, WC and RC type.

(1) RW, read and write.

(2) RO, read only.

(3) WO, write only.

(4) WC, The field asserts for one cycle when written 1 and then clears back to 0
on the next cycle.

(5) RC, The field supports hardware setting and clearing back to 0 after reading by
software. It generates an input port “h2l_${regname}_${fieldname}_set” which allows
end users to set the field by asserting the port.

® RstV

Register reset value for the field.

CONFIDENTIAL & PROPRIETARY 76 of 85 Copyright ©2021 JIUXIAOTech Corporation



UltraEDA UserManual

® Field Description
Register filed description.
(1) It supports Verilog constant format input, such as hexadecimal: 32 'h0; Decimal: 32
'd0; Octal: 32 '00; Binary: 32 'b0.
(2) The bit Width is the same as the Field Width. The default value is decimal.

5.2.1.3 Parameter Description

Note: C(configurable)

Parameter Description

UVM output parameters

include_address_coverage = true C, include address coverage in model

base_address _override = 0x80000000 C, model base address override

Table 6 - Parameter description

5.2.2 Output files Introduction

The directory structure of the generated output files is shown below:

Subdirectory Description

cfg It contains parameters of the tool currently in use.
doc It contains register description document.

rtl It contains register rtl code auto-generated.

sv It contains register verification model based on SV.

Table 7 - The directory structure of output files

5.2.2.1 Register RTL Structure Introduction

The structure of register RTL generated is illustrated in Figure 13, contains the following

modules:

RTL Files Description

${module_name} rf_wrap.v | The top module of Register code auto-generated.
ahbZ2reg_intf/ Bus Interface module that transfers AHB-Lite/APB bus
apb2reg_intf.v protocol to simple register read write protocol.
${module_name} rfv Register read and write logic, including decoder and the

instantiation of example_rf_logic module

${module_name}_rf_logic.v | The register entity of the module.

Table 8 - Components in the RTL Directory
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AHB/APB Bus

Hw status signals(RO)/Hw set singals(RC)

e ———

Ahb2reg intf

Apb2reg intf

${module name} rf wrap

(o) 8

Reg wr/reg wdata)
Reg rd/reg radta
Reg addr

${module name} rf

Reg cfg Para
RW/WC)

>

Figure 13 — UltraReg Register RTL Structure

® The Top Interface of Register RTL

Signal Width Direction Description

AMBA Bus Ports (APB Version, Optional )

pclk 1 Input APB clock

presetn 1 Input APB reset

paddr ADDRWIDTH | Input APB address

psel 1 Input APB select signal

penable 1 Input APB enable signal

pwrite 1 Input APB write signal

pwdata DATAWIDTH | Input APB write data

prdata DATAWIDTH | Output APB read data

pready 1 Output APB ready signal

pslverr 1 Output APB slave side error notice signal

AMBA Bus Ports (AHB Version, Optional)

helk 1 Input AHB clock

hresetn 1 Input AHB reset

hsel 1 Input AHB select signal

haddr ADDRWIDTH | Input AHB address

htrans 2 Input Indicates the transfer type of the
current transfer.

hsize 3 Input Indicates the size of the transfer

hwrite 1 Input AHB write signal

hready 1 Input AHB ready signal

hwdata DATAWIDTH | Input AHB write data

hreadyout 1 Output Indicates that a transfer has
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finished on the bus.
hresp 1 Output The transfer response
hrdata DATAWIDTH | Output AHB read data
Register Relevant Ports (RO Inputs and RW/WC/WO Outputs)
RO Field name Field width Input RO Type Register, from hardware
status signals
RW Field name Field width Output RW Type Register, from rf logic
WC Field name Field width Output WC Type Register, from rf logic
WO Field name Field width Output WO Type Register, from rf logic
h2]_${regname} ${fieldname} set | 1 Input Hardware set signal of RC Type
Register

Table 9 - Top Interface of Register RTL

5.2.2.2 Verification Files Introduction

UltraReg also outputs verification files in SystemVerilog format while generating RTL files, as
follows:

Verification Files Description

ral_${module_name}_pkg.sv | Definition of registers class used in the register model(RAL).

ultra_uvm_reg_pkg.sv Secondary packaging for classes related to uvm_reg.

Table 10 - Verification files in the sv Directory

5.2.3 UltraReg Auto-gen Flow

Taking example module as an example , user can follow the step by step demon to generate
its corresponding register RTL code.

< Step 1. Prepare reqister files: Fill in the registers information of example module

according to the format in the following table (7able 11) and save it as the register file
"example.xlsx".

Register Header
Module Name example
Project Name ultraEDA1 0
Base Addr 0x8000_0000
Addr Width 32
Clock helk
Resetn hresetn
Version vl
Config

AHB
Parameter
Register example
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Define

Offset

0x00 RegName | Width | Bit Field | Field Name R/W RstV | Description

reserved fields,
r_ctrl 32 [31:1] reserved RO read only,

0 return O,reset value is 0

module enable,
0x04 [0] example_en RW
0 reset value is 0

reserved fields,
r_cal_start 32 [31:1] reserved RO read only,

0 return O,reset value is 0

start calculation,
0x08 [0] r_cal_start WC active high,

0 reset value is 0

reserved fields,
r_cal_stop 32 [31:1] reserved RO read only,

0 return O,reset value is 0

stop calculation,
0x0c [0] r_cal_stop WC active high,

0 reset value is 0

reserved fields,
read only,

r_max_th 32 [31:10] reserved RO
return O,

0 reset value is 0

maximum value
0x10 [9:0] r_max_th RW threshold,

0 reset value is 0

reserved fields,

32 [31:3] reserved RO read only,

r_max_int_

en
0 return O,reset value is 0

r_max_int_m interrupt mask,

ask 0 reset value 0

interrupt clear,
[1] r_max_int_clr | WC generate 1 cycle pulse

0 to clear max_data_int

interrupt enable,
0x14 [0] r_max_int_en | RW
0 reset value 0

reserved fields,
0x18 max_data 32 [31:10] reserved RO read only,

0 return O,reset value is 0

reserved fields,
max_data_i
32 [31:1] reserved RO read only,
nt
0 return O,reset value is 0

Ox1c [0] max_data_int | RO 0 interrupt status
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coeffect of input value
r_ma_coef
0x20 32 [31:0] r_ma_coef00 | RW inside window, reset
00
0 value is 0
coeffect of input value
r_ma_coef
0x24~0x98 32 [31:0] r_ma_coef01 | RW inside window, reset
01
0 value is 0
r_ma_coef coeffect of input value
02 inside window, reset
32 [31:0] r_ma_coefx RW
~r_ma_coe value is 0
f31 0

Table 11 — Register Table of example module

< Step 2. Start UltraReg: Launch UltraEDA tool, click “Open” button
“example.xlsx” .

select the prepared register file

Figure 14 — Select Register File

in IDE left panel, and

As shown in Figure 14 UltraEDA supports predefined excel file as an input to register file.
After selecting the excel file, the Ul is shown in Figure 15:
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Figure 15 — UltraReg Display Screen After Opening Register File

Users can further modify and edit the register properties in the opened excel file.

< Step 3. Confirm register parameter information and generate RTL, RAL and

document: After the register table is edited, click the “Save” button on the left panel.
Then click the "RegSet" button in IDE left panel to continue with parameter
configuration.

° cumpless
e i 3 s B s . P 0
1 Regster Header
i w
=i
] 00,600

L =
¢
a | wesel
sy "

@ s e
Compare |10 Reg
u gt wam stra ww

| ul 0 [C8] w0
o o W
B ] t n ma "

o o we 8

husberch 1y cun u e [ —
® v ) .
o R n Py Detitn Pt ocidouniond =

i o

b UM Ot et
T ———
a [

e [ o base_address_override | 0xB0000000
L = G = ey B
e (B ]

o = " 5 oy

e | 2 5101
o : =) ——
a5 n Doy
A n n o) 3 L
L [ n il o

5 n o -
s n ) . I
5 n ] v
3 n Py ] -
] n ma . -
x n o o "
» n E ] 1 o
£ n o 7 "
o 2 o I
o n o] . o
a u oy s o
w u ol s o
o n Py o
= n may s o
o n o) . o
u n [ » o
m n [ 1 w0
% n ) 2 £
5 n Py > -
= 0 - i e vt o

Figure 16 — Set Register Parameter Information

Parameter Settings are classified into UVM Output. For details about parameter definitions,
please refer to Section 5.2.1 "Input files and parameter descriptions”. Click “Browser..” button
to choose a destination path for generated output files.

The default parameter configuration can meet most of the chip register design requirements,
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without additional modification. After the parameters are determined, click the "OK" button
in the lower right of "Parameters Configuration” dialog in Figure 16 to continue the
generation. When the generation is done, the information of generated RTL and RAL files will
pop up, as shown in Figure 17.
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Figure 17 — The Output Files Path Information

< Step 4. Open the output files : Click “Open” button in the pop-up window “File
Generation Reminder”, and the output files opens in the IDE environment as shown in

Figure 18.
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r_ma_coefds_r_ma_coef@s,
r_a_coeta7_r_ma_coefe7
r_ma_coef08_r_ma_coef0s,
r_ma_coefas r_ma_coefos
r_ma_coef10_r_ma_coef1o
r_ma_coefll_r_ma_coefll,
rma_coef12 r_ma_coefl2,

Figure 18 — Open the output files

In the above output files, there are four Verilog files for the design and two SV files for the
verification platform. Additionally there is a description document for register
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specification(Figure 19).

T - ox .
; example Register <

EETER R-

E TE 4%

= . A .1.1 Memory map <

1.1 Memory map

12 r_ctrl Register

13 r_cal start Register
14 r_cal stop Register
S e ot example Base Address : 0x8000 0000«
1.6 r_max_int_en Register & -

17 max data Register

1.8 max data int Register

19 r.ma_coef00 Register Offset Addr < Register Name < Description <

0 e

11 02 R ts - - . -
B 0x00 < r_ctrl € Control register ¢

113 r.ma_coef04 Register

1,14 rma_coef05 Register 0x04 < r_cal_start € start caculation <’

115 r_ma_coef06 Register

116 r.ma coef07 Register

117 1 ma coef08 Register 0x08 < r_cal stop < stop caculation ¢

118 rma_coef09 Register

119 rma_coef10 Register 0x0c & r max_th< maximum value threhold <

120 r_ma_coef11 Register

121 r.ma_coef12 Register

122 1 ma_coef13 Register 0x10 < r_max_int en ¢ max_int control register <

1.23 r_ma_coef14 Register
1.24 1_ma_coef15 Register

125 r.ma_coef16 Register 0x14 < maxidata < max data <

1.26 r.ma_coef17 Register

1127 1. ma_coef18 Register 0x18 « max_data_int < max_data_int status <

1.28 r.ma_coef19 Register

129 r.ma_coef20 Register

S e R Oxlc < r_ma_coef00 < coeffect of input value inside window <

131 r_ma_coef22 Register

Figure 19 — The output register specification document
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