Jiobu cBom yield

AJjleKkCcaH np KowkuH, Positive Technologies



[louemMy TI'eHepaTOPH?

MEI MOBCEMECTHO MCIIOJNb3YEM UMTEepPaTOPH.

I'voamM Generators: The Final Frontier
[[OHMMaeM UTO XM3Hb IIPOXMTA 3P4A.

S w0 N

BocnpmHMMaeM T'€eHepaTop KakK JIEHMBHU UTEPaTOpP.

(David Beazley) .


http://www.google.com/url?q=http%3A%2F%2Fwww.dabeaz.com%2Ffinalgenerator%2F&sa=D&sntz=1&usg=AFQjCNEUqsWddNqoUtdBiFtT6O_NWYD_Wg

TaxkvMm oOpasoM MHe OBl XOTEeJIOCH

S w0 N

[lokazaThb UYEeM Xe Ha caMoM JeJie aBJsSeTcs genobject.
BO3MOXHO Iaxe BaXHee: ueM OH He 4ABJIdeTCA.

Kak genobject BOmcelBaeTcsa B OOy KaHBY.

[lokazaTb HECKOJIBKO I[IPMMEPOBR MCIIOJb30BaHMA 3a I'PAaHBIo
npocTtoro ‘for loop’.






Kaxk python mMCHOOJIHAET KOOI

def fac(n) :
return 1 if n==1 else fac(n-1)*n



code object - emmHMLA

def fac(n) :

return 1 if n==1 else fac(n-1)*n

>>> dis.disassemble (fac. code )

2

0

3

6

9
12
15
16
19
22
25
26
29
32
33

LOAD FAST
LOAD CONST
COMPARE_OP

POP_ JUMP_TIF FALSE
LOAD CONST

RETURN VALUE

LOAD GLOBAL

LOAD FAST

LOAD CONST

BINARY SUBTRACT
CALL_ FUNCTION
LOAD FAST

BINARY MULTIPLY
RETURN VALUE

R o NP O

(@)

‘konoa'’



code objectH noecoOy

R id class
0: <built-in function build class



code objectH noecoOy

oG d class
O: <built-in function build class >

>>> builtins [' Dbuild class '] lambda *ag, **kw: print(ag, kw)

>>> class A: pass
(<function A at 0Ox7faec2ealb70>, 'A') {}

9T0O ele uTo Takoe?

https://github.com/magniff/magic



https://www.google.com/url?q=https%3A%2F%2Fgithub.com%2Fmagniff%2Fmagic&sa=D&sntz=1&usg=AFQjCNGPeUF2UJ4pseBkILyRev_Z8PP3_Q
https://www.google.com/url?q=https%3A%2F%2Fgithub.com%2Fmagniff%2Fmagic&sa=D&sntz=1&usg=AFQjCNGPeUF2UJ4pseBkILyRev_Z8PP3_Q

Python frames

def fac(n) :
return 1 if n==1 else fac(n-1)*n

Kaxk Torma paboraer pekypcusi?



Python frames

def fac(n):
frame = inspect.currentframe ()
print ('current value:', n)
print ('current frame:', frame)
print ('parent frame:', frame.f back)

print ('code object', frame.f code)
return 1 if n==1 else fac(n-1)*n



Python callstack

>>> fac(3)

current value: 3

current frame: <frame object
parent frame: <frame object
code object <code object fac
current value: 2

current frame: <frame object
parent frame: <frame object
code object <code object fac
current value: 1

current frame: <frame object
parent frame: <frame object
code object <code object fac

at
at
at

at
at
at

at
at
at

0x0000000002FDE748>
0x0000000002FDEACS8>
0x00000000028C1DBO>

0x0000000002FDEC88>
0x0000000002FDE748>
0x00000000028C1DBO>

0x0000000002FDEE48>
0x0000000002FDEC88>
0x00000000028C1DBO>

11



interp head _PyThreadState Current

PyInterpreterState PyThreadState PyFrameObject

back

next interp§ frame ss

tstate_head EEEEEEEEN next

(possibly more threads) PyFrameObject

PyInterpreterState

back
next PyThreadState

tstate_head
n

interp: frame
next

(possibly more frames)

PyFrameObject

back

PyFrameObject

back

-
(=]

T
Q
-
-
=
7
o
&
a
Q
o
=

R

NULL

© yaniv aknin
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OrkyIa OepyTCsd I'eHepaTOPHI?

def gen () : yield
gen ()

13



OrkyIa OepyTCsd I'eHepaTOPHI?

file: /home/magniff/Desktop/probes/probe2.py

signal.signal (signal.SIGTRAP, *args, **kwargs:
stop = : o0os.kill (os.getpid(), signal.SIGTRAP)
stop ()

def gen(): yield

gen ()

14



Pacuexjyigem gdb!

gdb --args \
/home/magniff/Downloads/Python-3.4.2/python \
/home/magniff/Desktop/probes/probe2.py

(gdb) run
Starting program: /home/magniff/Downloads/Python-3.4.2/python
/home/magniff/Desktop/probes/probe2.py

Program received signal SIGTRAP, Trace/breakpoint trap.

0x00007£f£f££7127c07 in kill () from /lib64/libc.so.6
(gdb)

15



Pacuexjyigem gdb!

(gdb) b PyGen New

Breakpoint 1 at 0x65818b: file Objects/genobject.c, line 515.

(gdb) cont # npogmomxaem

Continuing.

Breakpoint 1, PyGen New (f=0xa27ec8) at Objects/genobject.c:515

515
(gdb) bt

PyGenObject *gen = PyObject GC New (PyGenObject,

&PyGen Type) ;

16



native callstack

#0
#1
#2
#3
#4
#5
#6
#7

PyGen New (f=0xa28788)

0x00000000005aale8
0x00000000005ad219
0x00000000005acced
0x00000000005a530a
0x00000000005aalfe
0x0000000000595e0d
0x0000000000423cab

#13 0x000000000041adaf
/Modules/python.c:69

in
in
in
in
in
in

in

in

at Objects/genobject.c:515

PyEval EvalCodeEx ... at Python/ceval.c:3583
fast function ... at Python/ceval.c:4342

call function ... at Python/ceval.c:4260
PyEval EvalFrameEx ... at Python/ceval.c:2835
PyEval EvalCodeEx ... at Python/ceval.c:3586
PyEval EvalCode ... at Python/ceval.c:773

run mod ... at Python/pythonrun.c:2180

main (argc=2, argv=0x7fffffffeb48) at

17



native callstack

#0
#1
#2
#3
#4
#5
#6
#7

PyGen New (f=0xa28788)

0x00000000005aale8
0x00000000005ad219
0x00000000005acced
0x00000000005a530a
0x00000000005aalfe
0x0000000000595e0d
0x0000000000423cab

#13 0x000000000041adaf
/Modules/python.c:69

in
in
in
in
in
in

in

in

at Objects/genobject.c:515

PyEval EvalCodeEx ... at Python/ceval.c:3583
fast function ... at Python/ceval.c:4342

call function ... at Python/ceval.c:4260
PyEval EvalFrameEx ... at Python/ceval.c:2835
PyEval EvalCodeEx ... at Python/ceval.c:3586
PyEval EvalCode ... at Python/ceval.c:773

run mod ... at Python/pythonrun.c:2180

main (argc=2, argv=0x7fffffffeb48) at
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native callstack

#0
#1
#2
#3
#4
#5
#6
#7

PyGen New (f=0xa28788)

0x00000000005aale8
0x00000000005ad219
0x00000000005acced
0x00000000005a530a
0x00000000005aalfe
0x0000000000595e0d
0x0000000000423cab

#13 0x000000000041adaf
/Modules/python.c:69

in
in
in
in
in
in

in

in

at Objects/genobject.c:515

PyEval EvalCodeEx ... at Python/ceval.c:3583
fast function ... at Python/ceval.c:4342

call function ... at Python/ceval.c:4260
PyEval EvalFrameEx ... at Python/ceval.c:2835
PyEval EvalCodeEx ... at Python/ceval.c:3586
PyEval EvalCode ... at Python/ceval.c:773

run mod ... at Python/pythonrun.c:2180

main (argc=2, argv=0x7fffffffeb48) at
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native callstack

#0
#1
#2
#3
#4
#5
#6
#7

PyGen New (f=0xa28788) at Objects/genobject.c:515

0x00000000005aale8
0x00000000005ad219
0x00000000005acced
0x00000000005a530a
0x00000000005aalfe
0x0000000000595e0d
0x0000000000423cab

#13 0x000000000041adaf
/Modules/python.c:69

in
in
in
in
in
in

in

in

PyEval EvalCodeEx ... at Python/ceval.c:3583
fast function ... at Python/ceval.c:4342

call function ... at Python/ceval.c:4260
PyEval EvalFrameEx ... at Python/ceval.c:2835
PyEval EvalCodeEx ... at Python/ceval.c:3586
PyEval EvalCode ... at Python/ceval.c:773

run mod ... at Python/pythonrun.c:2180

main (argc=2, argv=0x7fffffffeb48) at
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VicTopmd HauMHaeTcd TYyT

(gdb) frame 4
#4 0x00000000005a530a in PyEval EvalFrameEx (f=0xa0c398, throwflag=0) at Python/ceval.c:2835

2835 res = call function (&ésp, oparg, &intr0O, &intrl);
(gdb) p opcode

$1 = 131

(gdb) list

2830 TARGET (CALL FUNCTION) {

2831 PyObject **sp, *res;

2832 PCALL (PCALL ALL);

2833 sp = stack pointer;

2834 #ifdef WITH TSC

2835 res = call function(&sp, oparg, &intrO, &intrl);
2836 #else

2837 res = call function(é&sp, oparg)

2838 #endif
2839 stack pointer = sp;



PyEval EvalCodeEx

Python/ceval.c

PyObject *
PyEval EvalCodeEx (PyObject * co, PyObject *globals, PyObject

{
PyCodeObject * co = (PyCodeObject*) co;
PyFrameObject *f;
# TL;DR block

if (co->co flags & CO_GENERATOR) {
PCALL (PCALL GENERATOR) ;
return PyGen New (f);

retval = PyEval EvalFrameEx(f,0);

return retval;

*locals,

22



Kak ycTpoeHa PyGen New

Objects/genobject.c

PyObject *
PyGen New (PyFrameObject *f)
{
PyGenObject *gen = PyObject GC_New (PyGenObject, &PyGen Type) ;
if (gen == NULL) {
Py DECREF (f);
return NULL;
}

gen->gi frame = f;

f->f gen = (PyObject *) gen;

Py INCREF (f->f code);

gen->gi code = (PyObject *) (f->f code);
gen->gi running = 0;

gen->gi weakreflist = NULL;
_PyObject GC TRACK (gen) ;
return (PyObject *)gen;



Kak ycrpoeH PyGenObject

Include/genobject.h

typedef struct {
PyObject HEAD
struct frame *gi frame;
char gi running;
PyObject *gi code;
PyObject *gli weakreflist;
} PyGenObject;

Bce coBceM IpoOCTO
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BEE 255

Iy gen () 1. B 2.2 noABuIMChH NPOCTHE I'€HEPaTOPE
B Cocy- 2. Hy npaBma npocTee (try/except)

yield 'Hello!' .
>>> my gen 3. TIlommepxka yield statement

0: <function my gen at 0x7£2293d16620>

>>> hex (my gen. code .co flags)

1: '0x63"

>>> gen = my gen ()

>>> gen

2: <generator object my gen at 0x7£2291802d38>

>>> gen.gi frame

3: <frame object at 0x7f22917elac8>

>>> gen.gi_code

4: <code object my gen at 0x7f2291a334b0, file "<pyshell#0>", line 1>
>>> gen.gi_ frame.f builtins

5: {'ArithmeticError': <class 'ArithmeticError'>, ...}
>>> next (gen)

Generator body.

6: "Hello!'

>>> next (gen) # Stop iteration



BEE 342

>>> def my gen(): 1.
yield 'Hello'

value = yield 'world' i.
- print ('got value', value) :
>>> g = my gen()
>>> g
0: <generator object my gen at 0x000000000298A318>
>>> next(qg) # g.send (None)
1: '"Hello'
>>> next (g)
2: 'world'

>>> g.send('pep342')
got value pep342
Traceback (most recent call last):
File "<pyshell#5>", line 1, in <module>
g.send ('pep342")
StopIteration

B 2.5 nmoaBuiIuchb “KOPYTMHE"
yield cTan expression oM
HOBHIEe MeTOonel send (), throw(),
close ()

26



PEP 380 aka yield from

>>> def chain(a,b):
yield from a
> B8 yield from b
>>> chain(chain([1,2,31, [4, 5, 61), [7, 8, 9])
0: <generator object chain at 0x7£3897326d38>
>>> list ()
IS 2 5, 6, 7, 8, 9]
>>> def fac(n):

return 1 if n==1 else (yield from fac(n-1))*n

>>> next (fac(10))
Traceback (most recent call last):
File "<pyshell#4>", line 1, in <module>
next (fac (10))
StopIteration: 3628800

370 paboraeT uUepes npobpoc send() uUepes BeChb CTEK

1.

w N

B 3.3 MOXHO HeJIeTMPOBATH
TeHepaluo

IenaeTr re-send, re-throw
Stoplteration kak
BO3BpallaeMoe 3HAaUeHUe

27



vield from He Tak XOopou

(chain (chain ([1, 2, 3], [4, 5, 6]), [7, 8, 9]))

#7 0x00000000005a530a in PyEval EvalFrameEx (f=0xa2b808,. . .)

#8 0x0000000000656a58 in gen send ex (gen=0x7ffff70efc88, . . .)

#9 0x0000000000656f6e in PyGen Send (gen=0x7ffff70efc88, . . .)

#10 0x000000000059cc30 in PyEval EvalFrameEx (f=0xa28fa8, throwflag=0) at

#11 0x0000000000656a58 in gen send ex (gen=0x7f££££7065238, . . .)

#12 0x0000000000657e47 in gen iternext (gen=0x7£ff££7065238) at

#13 0x0000000000498101 in listextend (self=0x7ffff706d7c8, b=0x7ff£f£f7065238) at
#14 0x000000000049ba57 in list init (self=0x7fff£f706d7c8, args=0x7f£ff£70e0878,
#15 0x00000000004dc509 in type call (type=0x910bcO <PyList Type>,

#16 0x00000000004603fa in PyObject Call (func=0x910bc0 <PyList Type>,

#17 0x00000000005adadf in do call (func=0x910bc0 <PyList Type>,

#18 0x00000000005acdOc in call function (pp stack=0x7fffffffc0£f0, oparg=1l,

#19 0x00000000005a530a in PyEval EvalFrameEx (f=0xaOcbb8, throwflag=0) at

Eciu BBHICOTa HepeBa BeJMKa, HaM obeclIeueH CTapel JDOOpEM RuntimeError: maximum recursion
depth exceeded.

28



vield from He Tak XOopou

Optimisations

Using a specialised syntax opens up possibilities for optimisation when there is a long chain of generators. Such chains
can arise, for instance, when recursively traversing a tree structure. The overhead of passing _ next__() calls and
yielded values down and up the chain can cause what ought to be an O(n) operation to become, in the worst case,

O(n**2).

A possible strategy is to add a slot to generator objects to hold a generator being delegated to. When a __next__ () or
send() callis made on the generator, this slot is checked first, and if it is nonempty, the generator that it references is

resumed instead. If it raises Stoplteration, the slot is cleared and the main generator is resumed.

This would reduce the delegation overhead to a chain of C function calls involving no Python code execution. A possible
enhancement would be to traverse the whole chain of generators in a loop and directly resume the one at the end,

although the handling of Stoplteration is more complicated then.

29



KOPYTMHEI HE TaK YyX

>>>

>>>
>>>
>>>

@coroutine
def ping() :
while 1:
value = yield
print ('ping: got value',
pong.send (value+l)
@coroutine
def pong() :
while 1:
value = yield
print ('pong: got value',
ping.send (value+l)
ping=ping ()
pong=pong ()
ping.send (1)

value)

value)

XOPOUN
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KOPYTMHEI HE TaK YyX

>>> (@coroutine
def ping() :
while 1:
value = yield
print('ping: got value', value)
pong.send (value+l)

@coroutine
def pong() :
while 1:
value = yield
print ('pong: got value', value)
S ping.send (value+1)
>>> ping=ping ()
>>> pong=pong ()
>>> ping.send (1)
ping: got value 1
pong: got value 2
Traceback (most recent call last):
ValueError: generator already executing

XOPOIU
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MOXHO I[IepenmcaThb Tak

from collections import deque

_queue = deque ()
_registry = {}

def run() :
while queue:
name, value = dqueue.popleft()
_registry[name] .send(value)

def send(name, value) :
_queue.append ( (name, value))

>>> send ('ping', 1); run|()
ping: got value 1
pong: got value 2
ping: got value 3

@coroutine
def ping() :
while 1:
value = yield
print ('ping: got value',
send ('pong', wvalue+l)

@coroutine
def pong() :
while 1:
value = yield
print ('pong: got value',
send ('ping', value+tl)

value)

value)
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Beazley u ero ‘komMnmiagaTop’

text = '2 + 3*4 - 5!
toks = tokenize (text)
tree = parse (toks)

result = Evaluator () .visit (tree)

class Node:
C fields = []
def (self, *args):

for name, value in zip(self. fields, args):

(self, name, value)

class BinOp (Node) :
_fields = ['op', 'left', 'right']

class Number (Node) :
_fields = ['value']

code by david beazley http://dabeaz.com/finalgenerator/compilerl.py

3 * 2NN

BinOp ( ‘+')
¥ N

BinOp ('*") Value (4)

V' 4
Value (3)

™Y
Value (2)

33


http://www.google.com/url?q=http%3A%2F%2Fdabeaz.com%2Ffinalgenerator%2Fcompiler1.py&sa=D&sntz=1&usg=AFQjCNED4NNqQB_ciW8-C79V7nXUNqPz9g

IPOCTOM BUSUTOP

class NodeVisitor:
def visit (self, node) :
return getattr(self, 'visit ' + type(node). name ) (node)

class Evaluator (NodeVisitor) :
def visit Number (self, node) :
return node.value

def visit BinOp(self, node):
leftval = self.visit(node.left)
rightval = self.visit(node.right)
if node.op == '+':
return leftval + rightval
elif node.op == '-':
return leftval - rightwval

elif node.op == '*':
return leftval * rightval
elif node.op == '/':

return leftval * rightval

code by david beazley http://dabeaz.com/finalgenerator/compilerl.py
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http://www.google.com/url?q=http%3A%2F%2Fdabeaz.com%2Ffinalgenerator%2Fcompiler1.py&sa=D&sntz=1&usg=AFQjCNED4NNqQB_ciW8-C79V7nXUNqPz9g

‘BaM TYyT He panwsl’ BU3UTOP

class NodeVisitor :
def visit (self, node) :

stack = [ self.genvisit (node) |
result =
while stack:

try:

node = stack[-1] .send(result)
stack.append (self.genvisit (node))
result =

except as exc:
stack.pop ()
result = exc.value

return result

def genvisit (self, node):
result = (self, 'wvisit ' + (node) . ) (node)
return (yield from result) if (result, types.GeneratorType) else result

code by david beazley http://dabeaz.com/finalgenerator/compiler2.py



http://www.google.com/url?q=http%3A%2F%2Fdabeaz.com%2Ffinalgenerator%2Fcompiler1.py&sa=D&sntz=1&usg=AFQjCNED4NNqQB_ciW8-C79V7nXUNqPz9g

npodyem

text = '"+'.join (str (x) for x in range (1000))
toks = tokenize (text)

tree = parse (toks)

print (Evaluator () .visit (tree))

code by david beazley http://dabeaz.com/finalgenerator/compiler2.py
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http://www.google.com/url?q=http%3A%2F%2Fdabeaz.com%2Ffinalgenerator%2Fcompiler1.py&sa=D&sntz=1&usg=AFQjCNED4NNqQB_ciW8-C79V7nXUNqPz9g

npodyem

text = '"+'.join (str(x) for x in range (1000))
toks = tokenize (text)

tree = parse (toks)

print (Evaluator () .visit (tree))

>>> 499500

code by david beazley http://dabeaz.com/finalgenerator/compiler2.py
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http://www.google.com/url?q=http%3A%2F%2Fdabeaz.com%2Ffinalgenerator%2Fcompiler1.py&sa=D&sntz=1&usg=AFQjCNED4NNqQB_ciW8-C79V7nXUNqPz9g

TaxkuMm oOpasoM I'eHepaTop 3TO:

lpocTas crpykrypa PyGenObject.

OTa CTPYKTypa IOEPXUT CCBUIKY Ha NOUTOHOBCKUNM OQpelM.

dperiM 3HaeT O CBOEM COCTOSHUM: TeKyllee IIOJIOXeHMEe B OauTKoIe,
COCTOAHME JIOKAJIbHEIX [ME€PEeMEeHHEIX.

dperViM MOXHO 3allyCTUTb C TOUYKM OCTAHOBA, M OCTAHOBMUTHL B TOUKeE,
orsmmuHon oT RETURN VALUE, kKak 3TO INPMHATO y BCeX MNOPANOYHHX (QpPENMOB.
BzaumMonencTeMe C I'eHepaTopoM Bcerna OJIOKMPYET BBEIBBBAINUIA KO .
I'enepaTop BO MHOTIOM INOXOX Ha OOBUHYI QYHKLMIO, TOJILKO €I'0O HeJIb34

BBEISEIBATE, 3aTO OH IIOIOOEPXMBAET MTEpalVM.
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MeHeIxep KOHTEKCTAa

from contextlib import contextmanager

@contextmanager

def tag (name) :
print ("<%s>" % name)
yield
print ("</%s>" % name)

>>> with tag ("hl"):
print ("foo")

<hl>

foo

</hl>
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KoHeuHBl aBTOMAaT

@coroutine
def match frame (header='\x61"',
footer ='"\x62"',
dle ="\xAB',
after dle func =lambda x: x,
target =None) :
while True:
byte = yield
frame = "'
if byte == header:
while True:
byte = yield

if byte == footer:
target .send (frame)
break

elif byte == dle:

byte = yield

frame += after dle func (byte)
else:

frame += byte

Start

Byte
non-header
Header . Footer
Byte
non-DLE
non-footer
DLE Any byte
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ARTOMAT: IeJiaeM ‘CcTok’

@Qcoroutine

def frame receiver ():
""" A simple co-routine "sink" for receiving
full frames.

mwiiw

while

frame = yield
print ('Got frame:', frame.encode ('hex'))

unwrapper

match frame (target=frame receiver ())

41



ABTOMAT: NpuMep pasdbopa

bytes = ''.join ( (b) for b in
[0x70, 0x24,
Oxol, 0x99, OxAF, O0xDl, 0x62,

Ox56, 0x62,
Oxo0l, OxAB, OxAB, 0x14, 0x62,
0x7

1)

for byte in bytes:
unwrapper .send (byte)

Got frame: 99afdl
Got frame: abli4



[[anIIEI-TeHEePaTOPH

https://github.com/JulienPalard/Pipe

class Pipe:

def init (self, function):
self.function = function
gder s ror (self, other):

return self.function (other)

def call (self, *args, **kwargs):
return Pipe (lambda x: self.function(x, *args,

@Pipe
def where (iterable, predicate):
return (x for x in iterable if predicate(x))

**kwargs) )

43


https://www.google.com/url?q=https%3A%2F%2Fgithub.com%2FJulienPalard%2FPipe&sa=D&sntz=1&usg=AFQjCNHC6xtWmHrXrpIO-Eh4oB9qLbLP5A
https://www.google.com/url?q=https%3A%2F%2Fgithub.com%2FJulienPalard%2FPipe&sa=D&sntz=1&usg=AFQjCNHC6xtWmHrXrpIO-Eh4oB9qLbLP5A

[[aNIIEI-TeHEPATOPH : [IPVMEPEHI

from pipe import *
>>> [1,2,3,4] | where (lambda x: x<=2)
#<generator object <genexpr> at 0x88231e4>

>>> [1, 2, 3, 4, 5, 6] | average

3.5

>>> [1, 2, 3] | select(lambda x: x * x) | concat
'1, 4, 9

>>> (1, 3, 5, 6, 7) | any(lambda x: x > 7)

False

IECATKM NPMMEPOB B I'mMTxabe aBToOpa
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[[aMIIEI-TeHEPaATOPEl: €CThb HIOAHC

>>> a = [1,2,3] | where X: X == 2)
>>> a
<generator object <genexpr> at 0x7fe3362fd0d8>

>>> (a)
[2]
>>> (a)

[]

Takoe noBeneHue B IIpuHOUIIE HEe YAMBUTEIJIBHO, HO B OAHHOM Clly4dYae HeXeJlaTeJIBHO.
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H a-lj[nb:[_ KopyT MHBI https://github.com/magniff/copper
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https://www.google.com/url?q=https%3A%2F%2Fgithub.com%2Fmagniff%2Fcopper&sa=D&sntz=1&usg=AFQjCNEn1VGvL3TajPLjdga-RSuBj67EjQ

COpPpPEer: IMIpPOCTOM IIPUMEP

from copper import IteratorBasedSource, Filter,
source = IteratorBasedSource ( (1,4))
source >> Apply ( X: X**2) >> OutLines ()

mainloop.run (source)

python examples/simple numbers.py
1
4
9

Apply,

OutlLines,

mainloop
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COppEer: MNpoCTOM MNIPUMEP

from copper import IteratorBasedSource, Filter, Apply, Outlines,

source = IteratorBasedSource ( (1,4))
source >> Apply ( X: X**2) >> OutLines ()

N

def OutLines(klass=StdOut) :
def line maker(line):

mainloop.run (source)

if (line,
return line
else:
python examples/simple numbers.py return (line)
1 line maker = Apply( line maker)
4 — pa— J—

line maker >> klass()
9 return line maker

mainloop

and line.endswith('\n') :



copper: umciia omboHauuu

def inp () :
source IteratorBasedSource (inp())
fib = Apply ( x: (x[1], x[01+x[11))

source >> fib

fib >> fib
fib >> Apply ( x: x[0]) >> OutLines ()
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copper: umciia omboHauuu

source = IteratorBasedSource (inp())
fib = Apply ( x: (x[1], x[01+x[11))

source >> fib
fib >> fib

fib unpacked = fib >> Apply ( x: x[0])

fib unpacked >> FSM(devide) >> OutLines ()
fib unpacked >> FSFileWriter('fib data.txt')
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copper: umciia omboHauuu

source = IteratorBasedSource (inp())
fib = Apply ( X: (x[1], x[0]+x[1]))

source >> fib
fib >> fib

fib unpacked = fib >> Apply ( x: x[0])

fib unpacked >> FSM(devide) >> OutLines ()
fib unpacked >> FSFileWriter('fib data.txt')

def dewvide (callback) :
while 1:

cO0 = yield
cl = yield
callback (

Decimal (cl) /Decimal (c0)
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copper: 10

from copper import StdIn, Apply, StdOut,
source = StdIn ()
source >> Apply ( line: 'copper:

mainloop.run (source)

python examples/basic stdin.py
100

copper: 100

Hello

copper: Hello

mainloop

'+1line) >> Stdout ()
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copper:

'"test pipe'’

10

python examples/basic stdin.py

copper: test pipe
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copper: sed (kinda)

#! /usr/bin/env python

import argparse
from copper import FSFileReader, Apply, StdIn, StdOut, mainloop

parser = argparse .ArgumentParser ()

parser.add argument ('-f', dest='file', = )

parser.add argument ('-s', dest='sub', nargs=2, required=1)

args = parser.parse _args ()

source = FSFileReader (args. ) if args. else StdIn ()

source >> Apply ( line: line.replace (*args.sub)) >> StdOut ()

mainloop.run (source)
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copper: sed (kinda)

'hello gvido'
hello david

cat hello.txt
I hate python

sed.py hate love
I love python

sed.py gvido david

hello.txt
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greenlets,

stackless & co
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IlyMamw, XBaTUT.
Crnacmubo 3a BHMMAHUE.
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