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SynthWorksBackground
• About Jim Lewis

• 30+ years:  VHDL Design and Verification
• 25+ years:  Active in IEEE VHDL WGs  
• 15+ years: IEEE VHDL WG chair
• Chief Architect of OSVVM
• VHDL Consultant and Trainer for SynthWorks

• SynthWorks provides VHDL Training
• Comprehensive VHDL Introduction 
• VHDL Coding for Synthesis
• Advanced VHDL Testbenches and Verification – OSVVM Bootcamp
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SynthWorksThe Things I Hate About VHDL
• Not much. 

• What about the statements like: 
• We need a higher level language like C.
• Too verbose.
• Strong typing is too hard.
• Too many packages.
• Type Conversion Hell.
• You should not use Unsigned Packages
• VHDL Cannot Do Verification
• You need SVA

• Vendor Support
• A call to action
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SynthWorksWhy VHDL?

• For FPGA design: 66% worldwide use VHDL
• For FPGA verification:  56% worldwide use VHDL

 Graph from Wilson Research Group 2022 Functional Verification Survey 
© Siemens 2022   https://blogs.sw.siemens.com/verificationhorizons/2022/11/21/part-6-
the-2022-wilson-research-group-functional-verification-study/

• VHDL is #1 for FPGA Design and Verification
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SynthWorksWe need a higher level language like C
• VHDL is based on Ada. 

• It is a capable programming language
• VHDL is not like C.
• It is not anything like Assembler.

• HLS?
• A low risk transition to HLS would be based on VHDL and/or Verilog
• If the HLS failed, you would still have a good Verification Component
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SynthWorksToo Verbose?  (2008)

Mux2_proc : process(all)  . . . process(all)

 Simple sensitivity list with keyword "all"

if  Cs1 and not nCs2 and Cs3  then

 Conditionals allow a bit or std_logic result 
Cs1 and not nCs2 and Cs3

 Matching relational operators:  ?=, ?/=, ?>, ?>=, ?<, ?<= return std_ulogic
if  Addr ?= X"A5" and Cs1 and not nCs2  thenAddr ?= X"A5"

case A xor B is A xor B

 Case statements allow expressions (with globally static types)

U_DataBlk : DataBlk
port map ( I1 => A and B, I2 => C, O1 => Y ) ; A and B

 Port maps allow expressions on inputs
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SynthWorksToo Verbose?  (2008)

Parity_sl <= xor Data8 ; 

 Logic Reduction Operations
xor

 Sized Literals

 Array - Bit Operations 
Y8 <= (A8 and Asel_sl) or (B8 and Bsel_sl) ; 

Y8 <= A8 + B8 + Cin_sl ; B8 + Cin_sl

(A8 and Asel_sl)

 We are not necessarily done with conciseness updates, however, 

Now VHDL is more concise than Verilog / SV

It is certainly that VHDL is more self-consistent

7SX"F"   =  "1111111"
7UD"127" =  "1111111"

8
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SynthWorksStrong Typing is Hard
Strong Typing = Strong error checking built into the compiler

 60-70% of the time a strong typing violation is a bug
 Most new language proposals are also strongly typed

Operation Size of Y = Size of Expression

Y <= "10101010" ; number of digits in literal

Y <= X"AA" ; 4 * (number of digits)

Y <= A ; A'Length = Length of array A

Y <= A and B ; A'Length = B'Length

W <= A > B ; Boolean

Y <= A + B ; Maximum (A'Length, B'Length)

V <= A * B ; A'Length + B'Length

Y <= A + 25 ; A'Length

 Result size is different for fixed and floating point packages

Master the following simple rules and Strong Typing is easy
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SynthWorksToo Many Packages (87, 93, 96, 97, 08)

float_generic_pkg

math for integer and realstandard

float_pkg

unsigned and signednumeric_std

Generic unsigned & signed fixed pointfixed_generic_pkg

log, trig, and random functionsmath_real

ContentsPackage

math and types for complex numbersmath_complex

numeric_std_unsigned

Instance of the generic fixed packagefixed_pkg
Generic floating point
Instance of the generic float package

unsigned math for std_ulogic_vector

std_logic family + logic operatorsstd_logic_1164

Library
std
IEEE
IEEE
IEEE
IEEE
IEEE
IEEE
IEEE
IEEE
IEEE

Packages make VHDL superior at math

• Packages std_logic_arith and std_logic_unsigned are not IEEE packages
• Recommend soft deprecation - ie: stop using them in new designs
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SynthWorksNumeric_Std_Unsigned
Rule:  For RTL code, only use types unsigned, signed, and integer for math

• Yet, I include numeric_std_unsigned in my RTL.   Why do this?
Library ieee ; 

use ieee.std_logic_1164.all ;
use ieee.numeric_std.all ;
use ieee.numeric_std_unsigned.all ;

• Without using numeric_std_unsigned, is the if statement true or false?
Process

constant A : std_logic_vector := "01111" ;
constant B : std_logic_vector := "100" ;
variable C : boolean ; 

Begin
C := A > B ; 
wait ; 

Without numeric_std_unsigned, who can catch the issue 100% of the time?
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SynthWorksStd_Logic_Arith
• With VHDL-2008, expressions of types defined in std_logic_1164, 

numeric_std can be locally static
• This impacts their usage in case statement targets

• This is not true for types defined in std_logic_arith.  

It is well past time to soft deprecate std_logic_arith
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• Recommendation:
• For new designs use numeric_std
• For old designs with 

• No updates and std_logic_vector ports leave as is
• No updates but ports are unsigned or signed, update to numeric_std
• Updates then change packge to numeric_std
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SynthWorksType Conversion Hell

stimulus: process
begin
A <= std_logic_vector(to_unsigned(integer(12), 16));
B <= std_logic_vector(to_unsigned(integer( 6), 16));
wait for 1ns;
if X = std_logic_vector(to_unsigned(integer(2), 32)) then  
. . .

• Example from StackExchange

• With VHDL's overloading and VHDL-2008 literals
stimulus: process
begin
A <= 16UD"12" ;     ‐‐ VHDL‐2008
B <= 16UD"6" ;
wait for 1ns;
if X = 2 then  
. . .

Doing VHDL right requires knowledge of overloading, conversions, literals
13
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SynthWorksSimulator Messages

subtype NULL_RANGE_TYPE is integer range 0 downto 1 ;
constant NULL_INTV : integer_vector (NULL_RANGE_TYPE) := (others => 0) ;

• Null ranges are legal in VHDL, …

Warning: COMP96_0119: C:/OsvvmLibraries/osvvm/RandomBasePkg.vhd : (86, 
38): The range is 'null range'. 

• This is legal, so why the warning?

• Shared variables with an ordinary type are illegal (since 2002)

Warning: COMP96_0564: C:/lab2_Memory/DPRam_sv_RIRO_RF_1024.vhd : (45, 3): 
Shared variable is not of a protected type. (IEEE 1076-2002, 4.3.1.3)

type MemType is array (0 to 1023) of std_logic_vector(7 downto 0) ;
shared variable Mem : MemType ;

• This is an error.   Why report as a warning?

Dear vendors semantically correct messages please.
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SynthWorksSimulators and Library Work
• In VHDL library work is a reference into the current working library.

• work = the library into which you are currently compiling
• If you name a library "work", how do you reference it from another library?

Dear vendors please stop using work as a default library name.

• Some simulators suggest "work" as a default library.   This is awkward.
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SynthWorksVHDL Cannot Do Verification
• VHDL + OSVVM = Advanced Verification Capabilities

• Functional Coverage Modeling
• Randomization – Constrained Random + Coverage Based
• Scoreboards = FIFO + Checker
• Transaction Interfaces – Direct or Virtual connections
• Predefined Transaction Library (API + Interface) 
• Verification Components
• Error Tracking and Message Filtering – unified data structure
• Concurrency control – aka Barriers
• FIFO  (aka queue) 
• Memory Modeling Data Structures (Sparse Arrays)
• Reporting - regression, test case, specification, html logs

• VHDL-2019 adds Interfaces as an extension to records
For more on OSVVM, come to my presentation  "Why OSVVM?"
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SynthWorksYou need SVA!

• PSL integrated directly into VHDL  (VHDL-2008, 2019)
• Properties are VHDL block (concurrent) declarations
• Assert and cover are VHDL concurrent statements
• Vunit, Vmode, Vprop are VHDL Design Units
• P'signal - flags failure of assert or pass of cover
• P'event - flags completion of assert or cover

• PSL = Property Specification Language = VHDL Assertions
• Provides assert and cover just like SVA does.

• SVA = SystemVerilog Assertions

SVA = Sneaky vendor trick to get you to switch to SystemVerilog
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SynthWorksVHDL-2019
• RTL and Testbenches

• Interfaces
• Conditional Expressions
• Conditional Analysis (compilation)

• Testbenches
• Date and Time Functions
• Protected Type Updates
• Impure functions with out and inout parameters

18
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SynthWorksEDA Vendors
• Simulator support issues

• VHDL-2008 - good support except Xilinx (but it is a work in progress)
• VHDL-2019 good support from Aldec
• Emerging capability from NVC (open source simulator)
• Siemens?, Synopsys?, Cadence?

• Synthesis language support issues
• VHDL-2008 - Xilinx, Altera (but only for the paid versions)
• VHDL-2019 - Interfaces Conditional Expressions, Conditional Analysis 

• Xilinx (interfaces)

• Synthesis Control Directives
• Not the same - annoyingly similar
• 1076.6-2004 made a start toward standardizing this, but surrendered
• Need to revive 1076.6

Users need to encourage EDA Vendors to support VHDL Standards 19
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SynthWorksIEEE VHDL Working Group

• How Can I Participate?
• Attend on-line web based meetings
• We review and discuss proposals via GitLab issues 
• We have general discussions via gitter

• Who can participate?
• Anyone with a vested interest in VHDL
• No fees or membership required – except for officers

• We seek volunteers experienced in one or more:
• VHDL design or verification
• Language design (VHDL, Ada)
• Programming Language Interfaces
• Digital design experience (DSP, Floating-Point, …) 
• Latex
• Commercial, University, or retired 

20
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SynthWorksIEEE VHDL Working Group

• Review proposals - rank gitlab issues - Use it?  Advocate for it?
• See:  https://gitlab.com/IEEE-P1076/VHDL-Issues/-/issue
• Would you use this feature?
• Would you ask your EDA vendor to support it?
• Challenge:  Give thumbs up to issues you would use 

• What can I do?

• Proposals are done as GitLab Issues  
• https://gitlab.com/IEEE-P1076/VHDL-Issues/-/issues
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SynthWorksVHDL Standards Group

• Guildelines
• Don't break old code
• … at least not intentionally and not without notification
• Mistakes happen – less will happen if more people participate
• Maintain uniformity and consistency

• Have a request or found a bug?
• First search the list of GitLab issues
• Write a proposal or bug report

• Want to work on LRM
• Learn the LRM terminology
• Write LCS to implement proposal or bug report

22
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SynthWorksWhat is Next for VHDL?
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SynthWorksSummary

• Most work is done by volunteers
• Seeking funding sources and person with non-profit experience

• VHDL is your standard.   Join us.
• Encourage your EDA vendor to support VHDL 

• Your voice determines their marketing decisions 
• File bug reports against unsupported features

24

• If you have additional VHDL Standards or OSVVM Questions … 
• … please catch me between sessions.
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