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Agenda

• Challenges with current RISC-V Specification

• RISC-V Unified Database (UDB)

• Get involved
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      Challenges with the RISC-V 
      Specification

Growth
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Why this matters
RISC-V ecosystem relies on multiple disconnected specifications
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Why this matters
RISC-V ecosystem relies on multiple disconnected specifications

• Fully text - asciidoc

• How do we verify?

• How to diversify? PRMs, TRMs …

• Format doesn’t allow all pseudo-instructions

• Doesn’t allow to easily overlay implementation specific matters

• How many tests can you really run on a simplistic format?

https://github.com/riscv/riscv-isa-manual
https://github.com/riscv/riscv-opcodes

https://github.com/riscv/riscv-isa-manual
https://github.com/riscv/riscv-opcodes
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Why this matters
RISC-V ecosystem relies on multiple disconnected specifications

• First published in 2015 – only 5 extensions

• 10 year later (2025) – more than 200 extensions

• First created in 2010 - 

• Refactored in 2022 – some previous problems stayed

• From 5 to 200 extensions

https://github.com/riscv/riscv-isa-manual
https://github.com/riscv/riscv-opcodes

Not a RISC-V problem – 

Infrastructure was outgrown

https://github.com/riscv/riscv-isa-manual
https://github.com/riscv/riscv-opcodes
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RISC-V Unified Database (UDB)
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What is the UDB?
A centralized, machine readable, source of truth
An efficient tool to generate several outputs

RVI Spec

[Optional]
Custom Overlay

Golden�Source�
of�truth

Adapted from Derek Hower’s ARC Presentation

Documents

ISSs

AI Agents
Use�Cases

Merge Merged 
Spec

Generate

Parse

Generate

Generate

Tools
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Golden Source of Truth

Instructions CSRs Profiles Architectural 
Parameters

Definition
Operations 
executed by the 
processor

Special-purpose 
state 
management 
registers

Subsets of the 
ISA for specific 
use cases

Customizable 
implementation 
attributes

Purpose Arithmetic, logic, 
memory, control

System config, 
monitoring, 
exceptions

Compatibility 
across 
implementations

Tailored design

Examples ADD, SUB, LW mstatus, mtvec, 
mip RV32A, RV64G 32/64-bit, trap 

handling

RVI Spec

[Optional]
Custom Overlay

Golden�Source�
of�truth
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Golden Source of Truth
Instructions

• Name

• Long name

• Description

• Defined by
– Extensions

• Encoding
– Match
– variables

• Access Mode

• Formal Specification (Sail and IDL)

kind: instruction
name: add
long_name: Integer add
description: |
  Add the value in rs1 to rs2, and store the     
  result in rd. Any overflow is thrown away.
definedBy: I
assembly: xd, xs1, xs2
encoding:
  match: 0000000----------000-----0110011
  variables:
    - name: rs2
      location: 24-20
    - name: rs1
      location: 19-15
    - name: rd
      location: 11-7
access:
  s: always
  u: always
  vs: always
  vu: always
operation(): X[rd] = X[rs1] + X[rs2];

sail(): |
  {
    let rs1_val = X(rs1);
    let rs2_val = X(rs2);
    let result : xlenbits = match op {
      RISCV_ADD  => rs1_val + rs2_val,
    };
    X(rd) = result;
    RETIRE_SUCCESS
  }

https://github.com/riscv-software-src/riscv-unified-
db/blob/main/arch/inst/I/add.yaml

https://github.com/riscv-software-src/riscv-unified-db/blob/main/arch/inst/I/add.yaml
https://github.com/riscv-software-src/riscv-unified-db/blob/main/arch/inst/I/add.yaml
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Current use cases

Used by the Certification Steering Commitee SIG to create certification 
documents 

Qualcomm created Xqci: an extension that is only available through the UDB

Synopsys is using the UDB to generate ARC-V PRM

Substitute RISC-V Opcodes
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Target use-cases

Documentation
• ISA Manual

• Programmer’s Reference 
Manual

• Technical Reference 
Manual

Certification
• Architectural Tests

• Encoding Verification

• Architectural Parameters

Tools
• Compilers

• Debuggers

• ISSs
Bonus : AI Agents - MCP
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Community endorsement
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UDB is being collaboratively developed 

• Several engineers from different companies are actively developing and meeting weekly
– Akeana, Qualcomm, Renode, Red Hat, Rivos, Sifive, Synopsys, Ventana

• We had 7 RVI mentees working on UDB! – under official LFX/RVI mentorship platform

• UDB is a RISC-V official SIG!
– UDB is engaging with other Working Groups – such as the Doc SIG, TSC, CSC

Join us! 
• Check our github repository https://github.com/riscv-software-src/riscv-unified-db/

– Several issues and discussions on going!
– Ask questions!

• On our weekly meetings – under LFX/RVI calendar – click here

• Contact me Afonso.Oliveira@synopsys.com

https://github.com/riscv-software-src/riscv-unified-db/
https://calendar.google.com/calendar/u/0/r/eventedit/copy/Xzc0cjM4ZDlrNjhxMzRlOWc3MF8yMDI1MDMyNlQxNzAwMDBaIHRlY2gubWVldGluZ3NAcmlzY3Yub3Jn
mailto:Afonso.Oliveira@synopsys.com


Thank you
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Backup slides
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Golden Source of Truth
Architectural Parameters

• Name
• Mode

– Privileged or unprivileged

• Base
– 32bit vs 64bit

• Release
• Introduction

– Plain text

• Extensions included
– Optional or Mandatory
– Versioned

kind: profile
name: RVI20U32
marketing_name: RVI20U32
mode: Unpriv
base: 32
release: { $ref: profile_release/RVI20.yaml# }
introduction: |
  This profile specifies the ISA features available to generic
  unprivileged execution environments.

extensions:
  I:
    presence: mandatory
    version: "~> 2.1"
    note: |
      RVI is the mandatory base ISA for RVA, and is little-endian.
      As per the unprivileged architecture specification, the
      ‘ecall` instruction causes a requested trap to the execution
      environment.
  A:
    presence: optional
    version: "= 2.1"
  C:
    presence: optional
    version: "= 2.2“
# list of extensions continues. See github for full list

recommendations:
  - text: |
      Implementations are strongly recommended to raise illegal-instruction
       exceptions on attempts to execute unimplemented opcodes.   

https://github.com/riscv-software-src/riscv-unified-
db/blob/main/arch/profile/RVI20U32.yaml

https://github.com/riscv-software-src/riscv-unified-db/blob/main/arch/profile/RVI20U32.yaml
https://github.com/riscv-software-src/riscv-unified-db/blob/main/arch/profile/RVI20U32.yaml
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ISA Manual

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/index.html

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/index.html
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ISA Manual

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/index.html

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/index.html
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List of Instructions

• All RISC-V instructions
– 70% of pseudo-instructions (WiP)

• Versioned (Future work)

• Detailed  descriptions
– Encoding
– Assembly format
– Synopsis
– Access
– Decode Variables
–  Formal Description (Sail and IDL)
– Exception

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/insts/add.html

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/insts/add.html
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List of Instructions

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/insts/add.html

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/insts/add.html
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List of CSRs

• Detailed  descriptions
– Acess Modes
– Attibute List
– Format
– Field summary and descrption
– Formal description (IDL) 

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/csrs/cycle.html

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/csrs/cycle.html
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List of CSRs

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/csrs/cycle.html

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/csrs/cycle.html
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List of Extensions

• Versions

• Synopsis

• List of Instructions
– Another View

• List of Parameters

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/exts/A.html

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/exts/A.html
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List of Extensions

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/exts/A.html

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/exts/A.html
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List of Parameters

• Table of ALL Parameters (WiP)
– Name
– Type
– Extension
– Description

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/params/param_list.html

https://riscv-software-src.github.io/riscv-unified-db/manual/html/isa/20240411/params/param_list.html
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RISC-V Opcodes

• Over simplistic representation
– Format only specifies encodings

• No versions

• Does not allow for swapped arguments 
– e.g.  gt to lt pseudo instructions can not be described

• Arguments with fixed values are not supported
– Assigning variable fields is not possible

 blt  bimm12hi rs1 rs2 bimm12lo 14..12=4 6..2=0x18 1..0=3

$pseudo_op rv_i::blt    bgt  bimm12hi rs2 rs1 bimm12lo 14..12=4 6..2=0x18 1..0=3
Original Pseudo Variable Fields Fixed Fields

$pseudo_op rv_v::vmxor.mm   vmclr.m   31..26=0x1b 25=1  vs2=vd  vs1=vd  14..12=0x2 vd 6..0=0x57



Thank you


