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What is Cython ?What is Cython ?
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a = a = 22  
b = b = 33  
c = a + bc = a + b  

33 .. 22



PyObject PyObject ** a a,, b b,, c c;;  
a a ==  PyInt_FromLongPyInt_FromLong((22));;  
b b ==  PyInt_FromLongPyInt_FromLong((33));;  
c c ==  PyNumber_AddPyNumber_Add((aa,, b b));;  
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cdef cdef intint a, b, c a, b, c  
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cdef cdef intint a, b, c a, b, c  
a = a = 22  
b = b = 33  
c = a + bc = a + b  
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intint a a,, b b,, c c;;  
a a ==  22;;  
b b ==  33;;  
c c ==  ((a a ++ b b));;  
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fromfrom libc.stdio cimport printf libc.stdio cimport printf  
printf(printf("Hello World !\n""Hello World !\n"))  
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##includeinclude  <stdio.h><stdio.h>  
printfprintf((((charchar  constconst  **))"Hello World !\n""Hello World !\n"));;  
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>>> >>> importimport helloworld helloworld  
HelloHello  WordWord ! !  
>>>>>>  
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Bypassing the GIL withBypassing the GIL with
CythonCython
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typedeftypedef  structstruct  _object_object  {{  
    _PyObject_HEAD_EXTRA    _PyObject_HEAD_EXTRA
    Py_ssize_t ob_refcnt    Py_ssize_t ob_refcnt;;  
    PyTypeObject     PyTypeObject **ob_typeob_type;;  
}} PyObject PyObject;;  

44 .. 33



withwith nogil: nogil:  
        # the GIL is released here# the GIL is released here  
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withwith nogil: nogil:  
        # ERROR!# ERROR!  
    a =     a = 22  
    b =     b = 33  
    c = a + b    c = a + b  
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cdef cdef intint a, b, c a, b, c  
withwith nogil: nogil:  
        # OK# OK  
    a =     a = 22  
    b =     b = 33  
    c = a + b    c = a + b  
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withwith nogil: nogil:  
        # ERROR!# ERROR!  
    l = [    l = [11, , 22]]  
    l.append(    l.append(33))  
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cdef cdef intint l[ l[33]]  

withwith nogil: nogil:  
        # OK# OK  
    l[    l[00] = ] = 11  
    l[    l[11] = ] = 22  
    l[    l[22] = ] = 33  
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withwith nogil: nogil:  
        # ERROR!# ERROR!  
        withwith  openopen(('somefile''somefile') ) asas f: f:  
        f.read()        f.read()  
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fromfrom libc.stdio cimport fopen, fclose, fread, FILE libc.stdio cimport fopen, fclose, fread, FILE  

cdef unsigned char buf[cdef unsigned char buf[10241024]]  
cdef FILE * fcdef FILE * f  
cdef cdef intint size size  

withwith nogil: nogil:  
        # OK# OK  
    f = fopen(    f = fopen('somefile.txt''somefile.txt', , 'r''r'))  
    size = fread(buf,     size = fread(buf, 11, , 10241024, f), f)  
    fclose(f)    fclose(f)  
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ObjectObject
OrientedOriented

MemoryMemory
ManagedManaged

Thread-Thread-
SafeSafe FastFast Multi-Multi-

CoreCore
PyObjectPyObject yesyes yesyes yesyes nono nono
CC nono nono nono yesyes yesyes
C++C++ yesyes nono nono yesyes yesyes
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Let’s hack a bit in the CythonLet’s hack a bit in the Cython
compilercompiler
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cdef cypclass Adder:cdef cypclass Adder:  
        intint value value  

    __init__(self,     __init__(self, intint value): value):  
        self.value = value        self.value = value  

        intint add(self,  add(self, intint v): v):  
        self.value += v        self.value += v  
                returnreturn self.value self.value  
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structstruct  CyObjectCyObject  {{  
    std    std::::atomic_int nogil_ob_refcntatomic_int nogil_ob_refcnt;;  
        /* ... *//* ... */  
}};;  

structstruct  AdderAdder  ::  CyObjectCyObject  {{  
        intint value value;;  
        voidvoid  __init____init__((intint));;  
        intint  addadd((intint));;  
        /* ... *//* ... */  
}};;  
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withwith nogil: nogil:  
    a = Adder(    a = Adder(11))  
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Making Making CyObjectCyObject Python- Python-
compatiblecompatible

66 .. 11



>>> >>> fromfrom snakes  snakes importimport Adder Adder  
>>> >>> a = Adder(a = Adder(22))  
>>> >>> reprrepr(a)(a)  
'<snakes.Adder object at 0x2940c98>''<snakes.Adder object at 0x2940c98>'  
>>> >>> a.valuea.value  
22  
>>> >>> a.add(a.add(33))  
55  
>>>>>>  
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typedeftypedef  structstruct  _object_object  {{  
    Py_ssize_t ob_refcnt    Py_ssize_t ob_refcnt;;  
        /* ... *//* ... */  
}} PyObject PyObject;;  

structstruct  CyObjectCyObject  ::  PyObjectPyObject  {{  
    std    std::::atomic_int nogil_ob_refcntatomic_int nogil_ob_refcnt;;  
        /* ... *//* ... */  
}};;  
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voidvoid  tp_dealloc_Addertp_dealloc_Adder((PyObject PyObject **oo))  {{  
        /* A normal PyObject would free the memory here *//* A normal PyObject would free the memory here */  
    CyObject     CyObject ** c  c ==  static_caststatic_cast<<CyObject CyObject **>>((oo));;  
        Cy_DECREFCy_DECREF((cc));;  
}}  
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Making Making CyObjectCyObject thread-safe thread-safe
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Reference CapabilitiesReference Capabilities
Castegren, E. (2018).Castegren, E. (2018).  

Capability-Based Type Systems for ConcurrencyCapability-Based Type Systems for Concurrency
Control.Control.
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Object StateObject State Type System GuaranteeType System Guarantee
thread-localthread-local all references live in the same threadall references live in the same thread
immutableimmutable all references can only readall references can only read
lockedlocked all references share a lockall references share a lock
activeactive all references share a message queueall references share a message queue
isolatedisolated only reachable through one referenceonly reachable through one reference
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a = Adder(a = Adder(11) ) # thread-local# thread-local  

# a cannot be shared# a cannot be shared  
# with another thread# with another thread  
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a = Adder(a = Adder(11) ) # thread-local# thread-local  

# ERROR!# ERROR!  
cdef lock Adder b = acdef lock Adder b = a  

# an object cannot be seen as# an object cannot be seen as  
# thread-local and locked# thread-local and locked  
# at the same time# at the same time  
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a = Adder(a = Adder(11) ) # thread-local# thread-local  

# OK if a is isolated# OK if a is isolated  
cdef lock Adder b = consume acdef lock Adder b = consume a  

# a is now out of scope# a is now out of scope  
# b can be safely shared with other threads# b can be safely shared with other threads  
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PerformancePerformance ProductivityProductivity
Single-ThreadSingle-Thread zero overheadzero overhead zero headachezero headache
Multi-ThreadMulti-Thread minimal costminimal cost no weird bugsno weird bugs
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ObjectObject
OrientedOriented

MemoryMemory
ManagedManaged

Thread-Thread-
SafeSafe FastFast Multi-Multi-

CoreCore
PyObjectPyObject yesyes yesyes yesyes nono nono
CC nono nono nono yesyes yesyes
C++C++ yesyes nono nono yesyes yesyes
CyObjectCyObject yesyes yesyes yesyes yesyes yesyes
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Questions ?Questions ?
More at More at https://cython.plushttps://cython.plus
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https://cython.plus/

