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    s.in_  = InPort [4](nbits) !
    s.out  = OutPort[4](nbits) !
!
           '
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def sorter_network( input ): !
  return sorted( input ) !
!
class SorterNetworkRTL( Model ) !
  def __init__( s, nbits ): !
!
    s.in_  = InPort [4](nbits) !
    s.out  = OutPort[4](nbits) !
!
    s.m = m = MinMaxRTL[5](nbits) !
!
!
           '

PyMTL:'A'Unified'Framework'for'Ver8cally'Integrated'
Computer'Architecture'Research'

['3,'1,'2,'0']' ['0,'1,'2,'3']'f(x)'



The(PyMTL(DSEL(

23'/'39'

def sorter_network( input ): !
  return sorted( input ) !
!
class SorterNetworkRTL( Model ) !
  def __init__( s, nbits ): !
!
    s.in_  = InPort [4](nbits) !
    s.out  = OutPort[4](nbits) !
!
    s.m = m = MinMaxRTL[5](nbits) !
!
    s.connect( s.in_[0], m[0].in_[0] ) !
    s.connect( s.in_[1], m[0].in_[1] ) !
    s.connect( s.in_[2], m[1].in_[0] ) !
    s.connect( s.in_[3], m[2].in_[1] ) !
!
    . . . !
       '

PyMTL:'A'Unified'Framework'for'Ver8cally'Integrated'
Computer'Architecture'Research'

['3,'1,'2,'0']' ['0,'1,'2,'3']'f(x)'



The(PyMTL(DSEL(

24'/'39'

class MinMaxRTL( Model ) !
  def __init__( s, nbits ): !
    s.in_ = InPort [2](nbits) !
    s.out = OutPort[2](nbits) !
    @s.combinational!
    def logic(): !
      swap = s.in_[0] > s.in_[1] !
      s.out[0].value = s.in[1] if swap else s.in[0] !
      s.out[1].value = s.in[0] if swap else s.in[1] !
!
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class MinMaxRTL( Model ) !
  def __init__( s, nbits ): !
    s.in_ = InPort [2](nbits) !
    s.out = OutPort[2](nbits) !
    @s.combinational!
    def logic(): !
      swap = s.in_[0] > s.in_[1] !
      s.out[0].value = s.in[1] if swap else s.in[0] !
      s.out[1].value = s.in[0] if swap else s.in[1] !
!
class RegRTL( Model ) !
  def __init__( s, nbits ): !
    s.in_ = InPort (nbits) !
    s.out = OutPort(nbits) !
    @s.tick_rtl!
    def logic(): !
      s.out.next = s.in_ !
             '
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TesGng'of'SorterFL,'SorterCL,'and'SorterRTL'can'be'greatly'
simplified'by'using'latencyFinsensiGve'interfaces.'
'
'
'
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TesGng'of'SorterFL,'SorterCL,'and'SorterRTL'can'be'greatly'
simplified'by'using'latencyFinsensiGve'interfaces.'
Produc8vity'helpers:'
'
'
'
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• MemoryProxies'
•  QueueAdapters'

•  PortBundles'
•  BitStructs'

•  TestSource'
•  TestSink'
'
'
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TesGng'of'SorterFL,'SorterCL,'and'SorterRTL'can'be'greatly'
simplified'by'using'latencyFinsensiGve'interfaces.'
Produc8vity'helpers:'
'
'
'

PyMTL:'A'Unified'Framework'for'Ver8cally'Integrated'
Computer'Architecture'Research'

'
'

See'the'paper'for''
more'examples!'

• MemoryProxies'
•  QueueAdapters'

•  PortBundles'
•  BitStructs'

•  TestSource'
•  TestSink'
'
'
'
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Benefits:'
'
• Modern'language'features'enable'rapid'prototyping'
(dynamicFtyping,'reflecGon,'metaprogramming)'
•  Lightweight,'pseudocodeFlike'syntax'
• BuiltFin'support'for'integraGng'C/C++'code'
•  Large,'acGve'developer'and'support'community'
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'
• Modern'language'features'enable'rapid'prototyping'
(dynamicFtyping,'reflecGon,'metaprogramming)'
•  Lightweight,'pseudocodeFlike'syntax'
• BuiltFin'support'for'integraGng'C/C++'code'
•  Large,'acGve'developer'and'support'community'
'
Drawbacks:'
'
•  Performance'
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The'Computer'Architecture'
Research'Methodology'Gap'
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Experiment:'
'
•  Simple'8x8'Mesh'Network'Model'
'
• CycleFPrecise'CL'Model:'
•  PyMTL'Model'Simulated'with'the'CPython'Interpreter'
•  HandFWri>en'C++'Model'and'Simulator'

'
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Experiment:'
'
•  Simple'8x8'Mesh'Network'Model'
'
• CycleFPrecise'CL'Model:'
•  PyMTL'Model'Simulated'with'the'CPython'Interpreter'
•  HandFWri>en'C++'Model'and'Simulator'

• BitFAccurate'RTL'Model:'
•  PyMTL'Model'Simulated'with'CPython'Interpreter'
•  HandFWri>en'Verilog'RTL'Simulated'with'Verilator'
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Python'is'growing'in'popularity'in'many'domains'of'scienGfic'and'
highFperformance'compuGng.''How'do'they'close'this'gap?'

PyMTL:'A'Unified'Framework'for'Ver8cally'Integrated'
Computer'Architecture'Research'



PerformanceHProductivity(Gap(

30'/'39'

Python'is'growing'in'popularity'in'many'domains'of'scienGfic'and'
highFperformance'compuGng.''How'do'they'close'this'gap?'

PyMTL:'A'Unified'Framework'for'Ver8cally'Integrated'
Computer'Architecture'Research'

•  PythonVWrapped'C/C++'Libraries'
(NumPy,!CVXOPT,!NLPy,!pythonOCC,!GEM5)'
'

•  Numerical'JustVInVTime'Compilers'
(Numba,!Parakeet)!
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•  JustVInVTime'Compiled'Interpreters'
(PyPy,!Pyston)!

•  Selec8ve'Embedded'JustVInVTime'Specializa8on'
(SEJITS)!
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Python'is'growing'in'popularity'in'many'domains'of'scienGfic'and'
highFperformance'compuGng.''How'do'they'close'this'gap?'
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•  PythonVWrapped'C/C++'Libraries'
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'
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•  JustVInVTime'Compiled'Interpreters'
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Fairly'robust,'ready'for'use'in'research!'
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Gen'
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Instance'

CL'C++'
Source'

C'Interface'
Source'
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Just'a'prototype!'



RTL	NetworkCL	Network

Simulated	CyclesSimulated	Cycles
1K 10K 100K 1M10M

1x

5x
10x

30x

75x
150x
300x

60x

200x

1000x

CPython PyPy VerilatorC++

1K10K 100K 1M

10x
5x

1x

CPython PyPy

PerformanceHProductivity(Gap(

PyMTL:'A'Unified'Framework'for'Ver8cally'Integrated'
Computer'Architecture'Research'

30x'
240x'

35'/'39'



RTL	NetworkCL	Network

Simulated	CyclesSimulated	Cycles
1K 10K 100K 1M10M

1x

5x
10x

30x

75x
150x
300x

60x

200x

1000x

CPython PyPy
SimJIT-CL SimJIT-RTL

VerilatorC++

1K10K 100K 1M

10x
5x

1x

CPython PyPy

PyMTL(SimJIT(Performance(

PyMTL:'A'Unified'Framework'for'Ver8cally'Integrated'
Computer'Architecture'Research'

10x' 20x'

35'/'39'



RTL	NetworkCL	Network

Simulated	CyclesSimulated	Cycles
1K 10K 100K 1M10M

1x

5x
10x

30x

75x
150x
300x

60x

200x

1000x

CPython PyPy
SimJIT-CL SimJIT-RTLSimJIT-CL+PyPy SimJIT-RTL+PyPy

VerilatorC++

1K10K 100K 1M

10x
5x

1x

CPython PyPy

PyMTL(SimJIT(Performance(

36'/'39'PyMTL:'A'Unified'Framework'for'Ver8cally'Integrated'
Computer'Architecture'Research'

4.5x' 6x'



PyMTL(SimJIT(Performance(

37'/'39'

OpportuniGes'to'further'reduce'the'performance'gap:'
'

•  Reduce'overhead'of'PythonVtoVC++'interfaces'

•  OpGmized'(nonFPython)'event'queue'

•  Be>er'code'generaGon'

•  Be>er'event'queue'scheduling'

•  Removal'of'unnecessary'doubleFbuffering'

•  Parallel'simulaGon'

PyMTL:'A'Unified'Framework'for'Ver8cally'Integrated'
Computer'Architecture'Research'
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PyMTL'is'a'producGve'Python'framework'for'FL,'CL,'and'RTL'
modeling,'enabling:'

•  VerGcally'Integrated'Computer'Architecture'Research'

•  Accelerator'Design'Space'ExploraGon'

•  ConstrucGon'of'Flexible'RTL'Chip'Generators'
'
SimJIT'considerably'closes'the'performanceFproducGvity'gap'
between'Python'and'C++'simulaGons.'
•  72x'Speedup'over'CPython'for'SimJITFCL'(within'4.5x'of'C++)'
•  200x'Speedup'over'CPython'for'SimJITFRTL'(within'6x'of'Verilator)'

PyMTL:'A'Unified'Framework'for'Ver8cally'Integrated'
Computer'Architecture'Research'



Conclusion(

39'/'39'

PyMTL'is'a'producGve,'openVsource'Python'framework'for'
FL/CL/RTL'modeling'and'hardware'design.'

 
 
 
 
 
'
'

heps://github.com/cornellVbrg/pymtl'
'
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