
UHDM
Universal Hardware Data Model

Interface in between parsers (SureLog…) and tools
For every SystemVerilog Object in the IEEE 1800-2017 Object Model, this tool creates: 

● a C++ class, 
● corresponding VPI access (vpi_iterate, vpi_get, vpi_handle…) 
● Serialization using Cap’n Proto mechanism
● Walker (Decompiler) producing human readable output
● Listener Design Pattern
● Optional Elaborator/Uniquification (pre or post serialization)

How?
● The Object Model is captured in YAML-like form
● A script generates all the code automatically.
● In-memory data model is read/write even after deserialization

 

github.com/alainmarcel/UHDM

This material resulted (in part) from work 
supported by Google. The content is solely 
the responsibility of the authors and does 
not necessarily represent the official views 
of Google.
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Leaf Model Object

The “instance” 
diagram shows that 
“module” inherits 
from “instance”

UHDM Model

IEEE SystemVerilog 
Object Model



All objects have a type field 
matching their name by default 
(camelization), but model writer 
can override



Virtual Object (Class), cannot be 
instantiated

Named Group (think void*)



Unnamed group (we 
give a 
representative 
name)

Leaf “Inlined” model



UHDM APIs
Populate UHDM:

std::vector<vpiHandle> build_designs (Serializer& s) {
  std::vector<vpiHandle> designs;
  design* d = s.MakeDesign();
  d->VpiName("design1");

  //-------------------------------------------
  // Module definition M1 (non elaborated)
  module* m1 = s.MakeModule();
  {
    m1->VpiDefName("M1");
    m1->VpiParent(d);
    m1->VpiFile("fake1.sv");
    m1->VpiLineNo(10);
  }

VPI:
unsigned int objectType = vpi_get(vpiType, obj_h);
 if (objectType == vpiModule) {
    if (const int n = vpi_get(vpiTopModule, obj_h)) ...
    vpiHandle itr = vpi_iterate(vpiPort,obj_h);
    while (vpiHandle obj = vpi_scan(itr) ) {
      ...
      release_handle(obj);
    }  

  Main:

  Serializer serializer;
  const std::vector<vpiHandle>& designs = build_designs(serializer);

  cout << "DUMP Design content (Pre elab):\n";
  visit_designs(designs);

  ElaboratorListener* listener = new ElaboratorListener(&serializer, true);
  listen_designs(designs,listener);
  
  MyVpiListener* listener = new MyVpiListener();
  listen_designs(designs,listener);

    
Custom Listener:
 
class MyVpiListener : public VpiListener {
protected:
  void enterModule(const module* object, const BaseClass* parent,
                   vpiHandle handle, vpiHandle parentHandle) override {
    const char* const parentName = vpi_get_str(vpiName, parentHandle);
    std::cout << "Module: " << object->VpiName()
              << ", parent: " << ((parentName != nullptr) ? parentName : "") << std::endl; 
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First parser supporting UHDM database: SureLog
SystemVerilog Parser + Preprocessor

github.com/alainmarcel/Surelog 

Written in C++
ANTLR with multithreading + incremental (persistent ASTs)

Semantic checks, Datatype binding, Design & UVM 
Elaboration, Python API, UHDM on-disk compiled 

output

SureLog
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SureLog AST and UHDM dump example
Test: 

module top(input a);

endmodule

AST:

n<> u<0> t<Null_rule> p<14> s<13> l<1>

n<> u<1> t<Module_keyword> p<10> s<2> l<1>

n<top> u<2> t<StringConst> p<10> s<9> l<1>

n<> u<3> t<PortDir_Inp> p<6> s<5> l<1>

n<> u<4> t<Data_type_or_implicit> p<5> l<1>

n<> u<5> t<Net_port_type> p<6> c<4> l<1>

n<> u<6> t<Net_port_header> p<8> c<3> s<7> l<1>

n<a> u<7> t<StringConst> p<8> l<1>

n<> u<8> t<Ansi_port_declaration> p<9> c<6> l<1>

n<> u<9> t<List_of_port_declarations> p<10> c<8> l<1>

n<> u<10> t<Module_ansi_header> p<11> c<1> l<1>

n<> u<11> t<Module_declaration> p<12> c<10> l<1>

n<> u<12> t<Description> p<13> c<11> l<1>

n<> u<13> t<Source_text> p<14> c<12> l<1>

n<> u<14> t<Top_level_rule> l<1>

UHDM dump:

|uhdmtopModules:
\_module: work@top (work@top) tests/ScratchPad.sv:1: 
  |vpiDefName:work@top
  |vpiName:work@top
  |vpiPort:
  \_port: (a), line:1, parent:work@top
    |vpiName:a
    |vpiDirection:1
    |vpiLowConn:
    \_ref_obj: 
      |vpiActual:
      \_logic_net: (work@top.a), line:1, parent:work@top
        |vpiName:a
        |vpiFullName:work@top.a
  |vpiNet:
  \_logic_net: (work@top.a), line:1, parent:work@top



UHDM-Yosys
https://github.com/alainmarcel/uhdm-integration
https://github.com/antmicro/yosys/tree/uhdm-yosys

design.uhdm

UHDM frontend
using VPI

libuhdm.a

Yosys

netlist

Prep passes,
synthesis, export...

Yosys AST RTLIL generator

RTLIL



Verilator 
compilation
Verilator 

compilation

UHDM-Verilator
https://github.com/alainmarcel/uhdm-integration
https://github.com/antmicro/verilator/tree/uhdm-verilator

design.uhdm

UHDM frontend
using VPI

libuhdm.a

Verilator

Simulation
executable

Verilator AST
Verilator 

compilation

C++ model GCC

C++ test code



UHDM-Verilator
https://github.com/alainmarcel/uhdm-integration
https://github.com/antmicro/verilator/tree/uhdm-verilator case vpiCaseItem: {

        AstNode* expressionNode = nullptr;
        visit_one_to_many({vpiExpr}, obj_h, visited, top_nodes,
            [&](AstNode* item){
              if (item) {
                if (expressionNode == nullptr) {
                  expressionNode = item;
                } else {
                  expressionNode->addNextNull(item);
                }
              }
            });
        AstNode* bodyNode = nullptr;
        visit_one_to_one({vpiStmt}, obj_h, visited, top_nodes,
            [&](AstNode* node){
              bodyNode = node;
            });
        return new AstCaseItem(new FileLine("uhdm"),
                               expressionNode,
                               bodyNode);
      }

VPI diagram

Verilator UHDM frontend

● Frontend walks the design tree (based on vpi_visitor 
example in UHDM)

● Functions provided for retrieving one-to-many, 
one-to-one relations

● UHDM AST is translated into Verilog AST, replacing 
Verilator parser

● The rest of Verilator flow is not modified
● Same idea for Yosys



UHDM, Yosys, Verilator Coverage
File level coverage and ranking

Detailed line coverage 

Each stage expresses its coverage relatively to the previous 
stage data structure:
UHDM cov  ≈  UHDM nodes / AST nodes (source lines)
Yosys cov  ≈  Yosys nodes / UHDM nodes
Verilator cov  ≈  Verilator nodes / UHDM nodes 



sv-tests
https://symbiflow.github.io/sv-tests/
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