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Class Graph

The class graph doesn’t show the orphan classes (the ones with no parents or children). Those are listed separately.
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      	write_controlled_qbit_swap() (qubiter.SEO_writer.SEO_writer method)
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qubiter.BitVector module


	
class qubiter.BitVector.BitVector(length, dec_rep)

	Bases: object

This class uses an int called dec_rep as a vector of self.len many bits,
where self.len <= self.max_len. The class wraps some common bitwise
operations, and some less common ones too (like Gray coding that is
needed by Qubiter). In some cases, the bitwise manipulation might be
more succinct than the corresponding function in this wrapper, but the
wrapper function’s name spells out in words what is wanted.


	Variables

	
	dec_rep (int) – decimal representation, the int whose binary representation carries
a bit vector of length self.len


	len (int) – the length of the bit vector


	max_len (int) – maximum self.len allowed









	
__init__(length, dec_rep)

	Constructor


	Parameters

	
	length (int) – 


	dec_rep (int) – 













	
__str__()

	Readable representation of self.


	Returns

	



	Return type

	str










	
bit_is_T(bpos)

	Returns True iff bit at position bpos is 1 (True).


	Parameters

	bpos (int) – bit position



	Returns

	



	Return type

	bool










	
static copy(bvec)

	Copy constructor, returns a new BitVector which is a copy of the
BitVector bvec.


	Parameters

	bvec (BitVector) – 



	Returns

	



	Return type

	BitVector










	
find_T_bit_to_left_of(bpos)

	Returns position of 1 (True) bit immediately to the left of position
bpos. Returns -1 if there is no such bit.


	Parameters

	bpos (int) – bit position



	Returns

	



	Return type

	int










	
find_T_bit_to_right_of(bpos)

	Returns position of 1 (True) bit immediately to the right of
position bpos. Returns -1 if there is no such bit.


	Parameters

	bpos (int) – bit position



	Returns

	



	Return type

	int










	
find_leftmost_T_bit()

	Out of all 1 (True) bits, returns position of the leftmost one of
those to the the left of position bpos. Returns -1 if there is no
such bit.


	Returns

	



	Return type

	int










	
find_rightmost_T_bit()

	Out of all 1 (True) bits, returns position of the rightmost one of
those to the the right of position bpos. Returns -1 if there is no
such bit.


	Returns

	



	Return type

	int










	
get_bit_string()

	Returns self represented as string of length self.len of ones and
zeros. If bit_str is the output, [int(x) for x in bit_str] will turn
result to list of ints.


	Returns

	



	Return type

	str










	
static get_lazy_from_normal(bit_len, normal)

	Throughout Qubiter, we will often refer to “Gray Code” as “lazy
ordering”. In lazy ordering with bit_len many bits, one gives a
sequence of bit vectors of length bit_len, so that two adjacent
items of the sequence differ by just one bit. For example 000=0,
100=4, 110=6, 010=2, 011=3, 111=7, 101=5, 001=1. Each element of
this sequence represented as an int will be called lazy, and each
int in the sequence 0, 1, 2, 3, 4, 5, 6, 7 will be called normal.
Normal ordering is usually called dictionary ordering. Normal and
lazy sequences both start at 0.

Suppose bit_len = 3. The lazy sequence 000, 100, 110, 010, 011, 111,
101, 001 is easily obtained from the “standard” lazy sequence 000,
001, 011, 010, 110, 111, 101, 100 by “reflecting” each sequence
term. We will use the second sequence because it is more common in
the literature.

References

1. Martin Gardener, “Knotted DoughNuts and Other
Mathematical Entertainments”, chapt. 2, “The Binary Gray Code”
2. “Numerical Recipies in C”
3. Many books on Discrete Mathematics for CompSci types
4. On the web, in Eric’s Treasure Trove/Math/Gray Codes


	Parameters

	
	bit_len (int) – 


	normal (int) – Function returns the lazy int that corresponds to this normal int.






	Returns

	



	Return type

	int










	
get_num_T_bits()

	Returns the number of 1 (True) bits at positions bpos from 0 to
len-1 inclusive.


	Returns

	



	Return type

	int










	
static lazy_advance(old_normal, old_lazy)

	This method takes int “old_lazy” (which corresponds to bit vector
“old_normal”), and changes it to the next lazy int, “new_lazy” (
which corresponds to “new_normal”).

example:

lazy sequence: 000, 001, 011, 010, 110, 111, 101, 100

old_lazy = 011
old_normal = 2 = 010

new_normal = 3 = 011
mask = (new_normal & ~old_normal) = 011 & 101 = 001
new_lazy = new_normal ^ mask = 011 ^ 001 = 010


	Parameters

	
	old_normal (int) – 


	old_lazy (int) – 






	Returns

	



	Return type

	int, int










	
static new_with_T_on_diff(bvec1, bvec2)

	Given two BitVectors bevc1 and bvec2, this return a BitVector which
is a bitwise xor (mod 2 sum) of the bits of bvec1 and bvec2.


	Parameters

	
	bvec1 (BitVector) – 


	bvec2 (BitVector) – 






	Returns

	



	Return type

	BitVector










	
set_all_bits_F()

	Sets to 0 (False) the bits of self at positions bpos from 0 to len-1
inclusive.


	Returns

	



	Return type

	None










	
set_all_bits_T()

	Sets to 1 (True) the bits of self at position bpos from 0 to len-1
inclusive.


	Returns

	



	Return type

	None










	
set_bit_F(bpos)

	Sets to 0 (False) the bit of self at position bpos.


	Parameters

	bpos (int) – bit position



	Returns

	



	Return type

	None










	
set_bit_T(bpos)

	Sets to 1 (True) the bit of self at position bpos.


	Parameters

	bpos (int) – bit position



	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.CGateExpander module


	
class qubiter.CGateExpander.CGateExpander(file_prefix, num_qbits, **kwargs)

	Bases: qubiter.SEO_reader.SEO_reader

Qubiter English and Picture files allow single lines that represent U(2)
matrices of numerous types with 0, 1 or multiple controls of either the
n or nbar kind. If we say a gate is controlled, it may have 1 or more
controls (it might be singly or multiply controlled). This class is a
child of SEO_reader. The class reads any previously created Qubiter
English file and it writes new English & Picture files wherein every
line of the original English file is expanded into a sequence of (1)
single qubit rotations and (2) simple CNOTs. Such a class is useful
because many quantum computers (for example, IBM Quantum Experience) can
only do (1) and (2).

If the input English file has file_prefix as file prefix, then the
output English & Picture files have as file prefix file_prefix + ‘_X1’,
assuming that ‘_X’ + str(k) for some integer k is not already the ending
of file_prefix. If it is, then the ending is changed to ‘_X’ + str(
k+1).

Global phase factors are ignored, so expansions equal the original line
up to a phase factor.

You can get a count of the number of CNOTs in the expanded file by
creating an object of the class SEO_reader.


	Variables

	wr (CGateSEO_writer) – This object of CGateSEO_writer, created in the class constructor,
is called inside every use_  function to do some writing in the output
files.






	
__init__(file_prefix, num_qbits, **kwargs)

	Constructor


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 













	
do_log()

	This class does a “flat” reading of the input file; i.e.,
the reading does not respect loop structure. Hence, we won’t let it
write a log file, for if we did, it would be incorrect. A correct
log file can always be obtained by creating a SEO_reader object.


	Returns

	



	Return type

	None










	
emb_for_c_u2(tar_bit_pos, controls)

	This internal function returns a CktEmbedder object called emb that
is used to write an expansion for a controlled U(2) matrix with
target at tar_bit_pos.


	Parameters

	
	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	CktEmbedder










	
two_embs_for_c_qbit_swap(bit1, bit2, controls)

	This internal function returns two CktEmbedder objects called emb0,
emb1 that are used to write an expansion for a controlled swap of
bits bit1, bit2.


	Parameters

	
	bit1 (int) – 


	bit2 (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	(CktEmbedder, CktEmbedder)










	
use_DIAG(trols, rad_angles)

	Returns error message if input circuit contains diagonal unitaries
DIAG.


	Parameters

	
	trols (Controls) – 


	rad_angles (list[float]) – 













	
use_HAD2(tar_bit_pos, controls)

	This function expands a HAD2 line; i.e., it reads the line from the
input English file and writes an expansion of it in the output
English & Picture files.


	Parameters

	
	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_IF_M_beg(controls)

	This function echoes IF_M_beg line.


	Parameters

	controls (Controls) – 



	Returns

	



	Return type

	None










	
use_IF_M_end()

	This function echoes IF_M_end line


	Returns

	



	Return type

	None










	
use_LOOP(loop_num, nreps)

	This function echoes a LOOP line; i.e., it transcribes the line from
the input English file to the output English & Picture files.


	Parameters

	
	loop_num (int) – 


	nreps (int) – 






	Returns

	



	Return type

	None










	
use_MEAS(tar_bit_pos, kind)

	This function echoes a MEAS line; i.e., it transcribes the line from
the input English file to the output English & Picture files.


	Parameters

	
	kind (int) – 


	tar_bit_pos (int) – 






	Returns

	



	Return type

	None










	
use_MP_Y(tar_bit_pos, trols, rad_angles)

	Returns error message if input circuit contains multiplexors MP_Y.


	Parameters

	
	tar_bit_pos (int) – 


	trols (Controls) – 


	rad_angles (list[float]) – 













	
use_NEXT(loop_num)

	This function echoes a NEXT line; i.e., it transcribes the line from
the input English file to the output English & Picture files.


	Parameters

	loop_num (int) – 



	Returns

	



	Return type

	None










	
use_NOTA(bla_str)

	This function echoes a NOTA line; i.e., it transcribes the line from
the input English file to the output English & Picture files.


	Parameters

	bla_str (str) – 



	Returns

	



	Return type

	None










	
use_PHAS(angle_rads, tar_bit_pos, controls)

	This function expands a PHAS line; i.e., it reads the line from the
input English file and writes an expansion of it in the output
English & Picture files.


	Parameters

	
	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_PRINT(style, line_num)

	This function echoes a PRINT line; i.e., it transcribes the line
from the input English file to the output English & Picture files.


	Parameters

	
	style (str) – 


	line_num (int) – 






	Returns

	



	Return type

	None










	
use_P_PH(projection_bit, angle_rads, tar_bit_pos, controls)

	This function expands a P0PH or P1PH line; i.e., it reads the line
from the input English file and writes an expansion of it in the
output English & Picture files.


	Parameters

	
	projection_bit (int) – 


	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_ROTA(axis, angle_rads, tar_bit_pos, controls)

	This function expands a ROTX, ROTY or ROTZ line; i.e., it reads the
line from the input English file and writes an expansion of it in
the output English & Picture files.


	Parameters

	
	axis (int) – 


	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_ROTN(angle_x_rads, angle_y_rads, angle_z_rads, tar_bit_pos, controls)

	This function expands a ROTN line; i.e., it reads the line from the
input English file and writes an expansion of it in the output
English & Picture files.


	Parameters

	
	angle_x_rads (float) – 


	angle_y_rads (float) – 


	angle_z_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SIG(axis, tar_bit_pos, controls)

	This function expands a SIGX, SIGY or SIGZ line; i.e., it reads the
line from the input English file and writes an expansion of it in
the output English & Picture files.


	Parameters

	
	axis (int) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SWAP(bit1, bit2, controls)

	This function expands a SWAP; i.e., it reads the line from the input
English file and writes an expansion of it in the output English &
Picture files.


	Parameters

	
	bit1 (int) – 


	bit2 (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SWAY(bit1, bit2, controls, rads_list)

	This function expands a SWAY line; i.e., it reads the line from the
input English file and writes an expansion of it in the output
English & Picture files.


	Parameters

	
	bit1 (int) – 


	bit2 (int) – 


	controls (Controls) – 


	rads_list (list[float]) – 






	Returns

	



	Return type

	None










	
use_SWA_(bit1, bit2, controls, rads_list=None)

	This internal function expands a SWAP or SWAY line; i.e., it reads
the line from the input English file and writes an expansion of it
in the output English & Picture files.


	Parameters

	
	bit1 (int) – 


	bit2 (int) – 


	controls (Controls) – 


	rads_list (list[float]) – list of 4 floats






	Returns

	



	Return type

	None










	
use_U_2_(rads0, rads1, rads2, rads3, tar_bit_pos, controls)

	This function expands a U_2_ line; i.e., it reads the line from the
input English file and writes an expansion of it in the output
English & Picture files.


	Parameters

	
	rads0 (float) – 


	rads1 (float) – 


	rads2 (float) – 


	rads3 (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
write_gate_name(name, num_trols)

	This function is used solely in the verbose mode. It announces with
a NOTA comment line the beginning of a gate expansion.


	Parameters

	
	name (str) – 


	num_trols (int) – 






	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.CGateSEO_writer module


	
class qubiter.CGateSEO_writer.CGateSEO_writer(file_prefix, emb, one_line=True, expand_1c_u2=False, do_checking=False, verbose=False, **kwargs)

	Bases: qubiter.SEO_writer.SEO_writer

This class is a child of SEO_writer. When one_line=True, it writes a
single line for an c_u2 (controlled U(2) gate).  When one_line=False,
it writes an expansion of that gate. When expand_1c_u2=True, the c_u2 is
expanded so that its sub-component 1c_u2 (singly controlled U(2) gates)
are expanded into cnots and qubit rotations. If expand_1c_u2=False,
the 1c_u2 are not expanded.

If we say a gate is controlled, it may have 1 or more controls (it might
be singly or multiply controlled).

Global phase factors are ignored, so expansions equal the original line
up to a phase factor.

References

1. CGateSEO_writer.pdf, by Robert Tucci, included with Qubiter source
code.


	Variables

	
	do_checking (bool) – Does some checking of algebra


	expand_1c_u2 (bool) – When this is True, the c_u2 (controlled U(2) gate) is expanded so
that its sub-component 1c_u2 (uni controlled U(2) gates) are
expanded into cnots and qubit rotations. If this is False, the 1c_u2
are not expanded.


	one_line (bool) – When this is True, it writes a single line for the c_u2 ( controlled
U(2) gate). When False, it writes an expansion of that gate.









	
__init__(file_prefix, emb, one_line=True, expand_1c_u2=False, do_checking=False, verbose=False, **kwargs)

	Constructor


	Parameters

	
	file_prefix (str) – 


	emb (CktEmbedder) – 


	one_line (bool) – 


	expand_1c_u2 (bool) – 


	do_checking (bool) – 


	verbose (bool) – 













	
static su2_mat_prod(su2_pair1, su2_pair2)

	An SU(2) matrix can be expressed as exp(i*theta*sig_n) where theta
is a real number and sig_n = n \cdot sigma. Here n is a 3 dim real
UNIT vector and sigma = [sigx, sigy, sigz], where sigx, sigy and
sigz are the 3 Pauli matrices. We define the su2_pair of this SU(2)
matrix as the list [theta, n], with n expressed as a numpy array.
One can prove by Taylor expansion that

exp(i*theta*sig_n) = c + i*sig_n*s

where c = cos(theta) and s = sin(theta).

This subroutine maps su2_pair1, su2_pair2 –> su2_pair

where

exp(i*theta*sig_n) = exp(i*theta1*sig_n1) exp(i*theta2*sig_n2)


	Parameters

	
	su2_pair1 ([float, np.array]) – su2_pair of left matrix in matrix product


	su2_pair2 ([float, np.array]) – su2_pair of right matrix in matrix product






	Returns

	



	Return type

	[float, np.array]










	
write(trol_kinds, u2_fun, fun_arg_list=None)

	This is the most general function of this class. All other functions
of the class are mostly internal and are called by this function.
This function achieves the main goal of the class, which is to give
various expansions of an c_u2 (controlled U(2) matrix). For
one_line=True, this function just calls
write_controlled_one_qbit_gate() of the parent class. For
one_line=False, it gives an expansion of the c_u2.


	Parameters

	
	trol_kinds (list[bool]) – list of control types. Type is False if nbar=P_0 and True if n=P_1


	u2_fun (function) – One of the functions in class OneQubitGate


	fun_arg_list (list[int|float]) – list of arguments of u2_fun






	Returns

	



	Return type

	None










	
write_1c_u2(tar_bit_pos, trol_bit_pos, rads_list, delta=None)

	Writes an expansion of an 1c_u2 (singly controlled U(2) matrix). In
general, such an expansion will contain 3 cnots, but for special
cases taken here into account, it’s possible to get away with using
only 2 or 1 cnots.


	Parameters

	
	tar_bit_pos (int) – target bit position


	trol_bit_pos (int) – control bit position


	rads_list (list[float]) – list of 3 angles in radians. If it equals [radx, rady, radz],
then U(2) gate given by e^{i*delta} exp(i*(radx*sigx + rady*sigy
+ radz*sigz))


	delta (float|None) – U(2) gate being controlled equals e^{i*delta} times SU(2) gate






	Returns

	



	Return type

	None










	
write_hads(trol_kinds, herm_conj=False)

	Writes a chain of cnots that are useful when some of the controls of
the c_u2 being considered are n_bar = P_0 = |0><0| instead of
n = P_1 = |1><1|. We are using the identity sigx n sigx = nbar
to convert n’s to nbar’s.


	Parameters

	
	trol_kinds (list[bool]) – A list of control kinds. True for n=P_1 and False for n_bar=P_0


	herm_conj (bool) – When this is True, writes Hermitian conjugate of expansion.






	Returns

	



	Return type

	None










	
write_internal(rads_list, delta=None)

	This internal function is used in write() and is less general than
the latter. It expands an c_u2 into a product of 1c_u2 with
intervening cnots.

In the CGateSEO_writer.pdf documentation, we show that any c_u2 can
be expanded into a product of several “generalized n” controlled U(
2) gates of the form  W(num_qbits-1)^GN, wherein U(2) matrix W(
num_qbits-1) is controlled by a “generalized n” equal to GN = n(
n_index_list)

Since the factors W(num_qbits-1)^GN in the product commute amongst
themselves, it is possible and convenient to order them in Gray code
order (Qubiter knows about Gray Code via its class BitVector).
Ordering them in Gray Code allows this function to cancel some cnots
from adjacent GN.

An earlier version of this function, now commented, did not use Gray
Code and used more cnots than this one.


	Parameters

	
	rads_list (list[float]) – list of 3 angles in radians. If it equals [radx, rady, radz],
then U(2) gate given by e^{i*delta} exp(i*(radx*sigx + rady*sigy
+ radz*sigz))


	delta (float|None) – U(2) gate being controlled equals e^{i*delta} times SU(2) gate






	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.CktEmbedder module


	
class qubiter.CktEmbedder.CktEmbedder(num_qbits_bef, num_qbits_aft, bit_map=None)

	Bases: object

This class stores parameters for embedding a quantum circuit within a
larger circuit (one with more qubits). Note that we will use the word
“bit” to mean either cbits or qbits.


	Variables

	
	bit_map (list[int]) – 1-1 but not onto map of range(num_qbits_bef) into range(num_qbits_aft)


	extra_controls (Controls) – When embedding controls, these extra ones will be added to the before
embedding controls


	num_qbits_aft (int) – number of qubits after circuit embedding


	num_qbits_bef (int) – number of qubits before circuit embedding









	
__init__(num_qbits_bef, num_qbits_aft, bit_map=None)

	Constructor


	Parameters

	
	num_qbits_bef (int) – 


	num_qbits_aft (int) – 













	
aft(bef)

	Returns bit_map[bef] if bit_map is list. If bit_map is None, returns
input ‘bef’ untouched.


	Parameters

	bef (int) – 



	Returns

	



	Return type

	int










	
static composition(emb2, emb1)

	Returns composite map emb2(emb1()). This entails defining a new
CktEmbedder whose bit_map is the composition of the bit maps of the
other two. Also, the extra controls of emb2 and emb1 must be merged
and given to the composition.


	Parameters

	
	emb1 (CktEmbedder) – 


	emb2 (CktEmbedder) – 






	Returns

	



	Return type

	CktEmbedder










	
get_num_new_bits()

	Returns num_qbits_aft - num_qbits_bef.


	Returns

	



	Return type

	int










	
is_identity_map()

	Returns True (False) if bit_map is None (list).


	Returns

	



	Return type

	bool










	
is_old_bit(aft)

	Returns True if aft is in image of bit_map and False otherwise.


	Parameters

	aft (int) – 



	Returns

	



	Return type

	bool

















          

      

      

    

  

    
      
          
            
  
qubiter.CodaSEO_writer module


	
class qubiter.CodaSEO_writer.CodaSEO_writer(init_file_prefix, fin_file_prefix, num_qbits, ZL=True, fin_emb=None)

	Bases: qubiter.SEO_writer.SEO_writer

This class is a child of class SEO_writer. The constructor of this
class accepts as input the paths to a pair of well-formed initial
English and Picture files. The class makes copies of those 2 initial
files and opens the copies, called the final English and Picture files,
in the append mode. Thereafter, the user can write to those final files
using methods that this class inherits from its parent SEO_writer.
Coda SEO writer means tail-end SEO writer, which accurately describes
what this class does.


	Variables

	
	fin_eng_path (str) – path to final English file that starts life as a verbatim copy of
the initial English file and is thereafter appended to.


	fin_pic_path (str) – path to final Picture file that starts life as a verbatim copy of
the initial Picture file and is thereafter appended to.









	
__init__(init_file_prefix, fin_file_prefix, num_qbits, ZL=True, fin_emb=None)

	
	Parameters

	
	init_file_prefix (str) – 


	fin_file_prefix (str) – 


	num_qbits (int) – 


	ZL (bool) – 


	fin_emb (CktEmbedder) – circuit embedder for the writer of the final English and Picture
files













	
write_xy_measurements(bit_pos_to_xy_str, write_notas=True)

	This method will append to the final English and Picture files a SEO
of rotations, one rotation at each key of the input dictionary
bit_pos_to_xy_str. That input dictionary bit_pos_to_xy_str maps
qubit positions (int) to xy str values that are: either ‘X’ or ‘Y’.

Let sigx, sigy and sigz be the Pauli matrices.

When key=b and value=’X’, a rotation exp(i*sigy*pi/4) is applied to
qubit b. This rotation is chosen because it diagonalizes sigx,
according to the equation: exp(-i*sigy*pi/4)*sigz*exp(i*sigy*pi/4) =
sigx.

When key=b and value=’Y’, a rotation exp(-i*sigx*pi/4) is applied
to qubit b. This rotation is chosen because it diagonalizes sigy,
according to the equation: exp(i*sigx*pi/4)*sigz*exp(-i*sigx*pi/4) =
sigy.

These rotations are applied in order to convert an X or Y qubit
measurement into the standard Z measurements which are along the
eigenvectors of sigz. There is no need to apply any rotations when Z
is measured because the operating qubit basis is already the
eigenvectors of sigz.


	Parameters

	
	bit_pos_to_xy_str (dict[int, str]) – 


	write_notas (bool) – whether to write a NOTA before each rotation explaining it






	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.Controls module


	
class qubiter.Controls.Controls(num_qbits, bit_pos_to_kind=None)

	Bases: object

This class stores a dictionary called self.bit_pos_to_kind containing
key-value pairs of the form (a control’s qubit number: its kind). Kinds
can be either a bool or a non-negative integer. Kind is True if control
is P_1 = n = |1><1|. Kind is False if control is P_0 = nbar =
|0><0|. Kind is a non-negative integer for MP_Y and DIAG controls.


	Variables

	
	bit_pos (list[int]) – This is the key’s half if you unzip bit_pos_to_kind, in decreasing
order


	bit_pos_to_kind (dict[int, bool|int]) – Dictionary matching control bit position with its kind.
The domain of the map bit_pos_to_kind is a subset of range(num_qbits)


	kinds (list[bool|int]) – this is the value’s half if you unzip bit_pos_to_kind.


	num_qbits (int) – number of qubits in full quantum circuit









	
__init__(num_qbits, bit_pos_to_kind=None)

	Constructor


	Parameters

	
	num_qbits (int) – 


	bit_pos_to_kind (dict) – 













	
static copy(old, extra_bits=0)

	Create a copy of self but add extra_bit many uncontrolled bits at the
end.


	Parameters

	
	old (Controls) – 


	extra_bits (int) – 






	Returns

	



	Return type

	Controls










	
get_num_int_controls()

	Find number of controls that are not of boolean kind.


	Returns

	



	Return type

	int










	
get_workspace_bit_pot(target_bit_pos)

	Find a bit that is neither the target bit nor one of the controls.
Make it as big as possible.


	Parameters

	target_bit_pos (int) – 



	Returns

	



	Return type

	int










	
is_control(bit_pos)

	True if bit_pos in the keys of bit_pos_to_kind. False otherwise.


	Parameters

	bit_pos (int) – 



	Returns

	



	Return type

	bool










	
new_embedded_self(emb)

	In bit_pos_to_kind, replace each key by a new key emb.bit_map[key].
Also add extra controls carried by emb.


	Parameters

	emb (CktEmbedder) – 



	Returns

	



	Return type

	Controls










	
static new_single_trol(num_qbits, bit_pos, kind)

	Returns a single control.


	Parameters

	
	num_qbits (int) – 


	bit_pos (int) – 


	kind (bool|int) – 






	Returns

	



	Return type

	Controls










	
refresh_lists()

	Replace the 2 lists bit_pos and kinds by unzipping (actually zip()
does both zip and unzip) the dictionary bit_pos_to_kind.


	Returns

	



	Return type

	None










	
set_control(bit_pos, kind, do_refresh=False)

	Add key-value pair (bit_pos: kind) to self.bit_pos_to_kind dictionary.


	Parameters

	
	bit_pos (int) – 


	kind (bool|int) – 


	do_refresh (bool) – 






	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.EchoingSEO_reader module


	
class qubiter.EchoingSEO_reader.EchoingSEO_reader(file_prefix, num_qbits, wr, vars_manager=None, **kwargs)

	Bases: qubiter.SEO_reader.SEO_reader

This class is a child of SEO_reader. The class reads any previously
created Qubiter English file and it writes new English & Picture files
wherein every line is echoed faithfully, except maybe the qubits are
permuted.

The constructor of this class takes as input wr which should be a
SEO_writer or child thereof. If wr is a plain SEO_writer writing to a
file_prefix different to the file_prefix being read, this class will
generate a Picture File & English file starting from only an English
file.

This class has many uses. Here are some:

1. If given as input a pictureless English file, it can be used to draw
an ASCII picture of the input English file.

2. If wr permutes the qubits, it can be used to write new Picture File
& English files that have permuted qubits with respect to the input
English file.

3. It is the parent class to the Expander classes MultiplexorExpander
and DiagUnitaryExpander, both of which echo every line except those
starting with MP_Y and DIAG, respectively, and therefore need only
override the functions use_MP_Y() and use_DIAG, respectively, of this
class.


	Variables

	wr (SEO_writer) – This object of SEO_writer is called inside every use_  function to
do some writing in the output files.






	
__init__(file_prefix, num_qbits, wr, vars_manager=None, **kwargs)

	Constructor


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 


	wr (SEO_writer) – 


	vars_manager (PlaceholderManager) – 













	
do_log()

	This class does a “flat” reading of the input file; i.e.,
the reading does not respect loop structure. Hence, we won’t let it
write a log file, for if we did, it would be incorrect. A correct
log file can always be obtained by creating a SEO_reader object.


	Returns

	



	Return type

	None










	
static pic_file_from_eng_file(file_prefix, num_qbits, ZL=True)

	This function reads an English file with file prefix = file_prefix
and it writes a Picture file for it with the same file prefix.


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 


	ZL (bool) – 






	Returns

	



	Return type

	None










	
use_DIAG(controls, rad_angles)

	This function echoes a DIAG line; i.e., it transcribes the line from
the input English file to the output English & Picture files.


	Parameters

	
	controls (Controls) – 


	rad_angles (list[float]) – 






	Returns

	



	Return type

	None










	
use_HAD2(tar_bit_pos, controls)

	This function echoes a HAD2 line.


	Parameters

	
	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_IF_M_beg(controls)

	This function echoes IF_M_beg line.


	Parameters

	controls (Controls) – 



	Returns

	



	Return type

	None










	
use_IF_M_end()

	This function echoes IF_M_end line


	Returns

	



	Return type

	None










	
use_LOOP(loop_num, nreps)

	This function echoes a LOOP line.


	Parameters

	
	loop_num (int) – 


	nreps (int) – 






	Returns

	



	Return type

	None










	
use_MEAS(tar_bit_pos, kind)

	This function echoes a MEAS line.


	Parameters

	
	kind (int) – 


	tar_bit_pos (int) – 






	Returns

	



	Return type

	None










	
use_MP_Y(tar_bit_pos, controls, rad_angles)

	This function echoes an MP_Y line.


	Parameters

	
	tar_bit_pos (int) – 


	controls (Controls) – 


	rad_angles (list[float]) – 






	Returns

	



	Return type

	None










	
use_NEXT(loop_num)

	This function echoes a NEXT line.


	Parameters

	loop_num (int) – 



	Returns

	



	Return type

	None










	
use_NOTA(bla_str)

	This function echoes a NOTA line.


	Parameters

	bla_str (str) – 



	Returns

	



	Return type

	None










	
use_PHAS(angle_rads, tar_bit_pos, controls)

	This function echoes a PHAS line.


	Parameters

	
	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_PRINT(style, line_num)

	This function echoes PRINT line


	Parameters

	
	style (str) – 


	line_num (int) – 






	Returns

	



	Return type

	None










	
use_P_PH(projection_bit, angle_rads, tar_bit_pos, controls)

	This function echoes a P0PH or P1PH line.


	Parameters

	
	projection_bit (int) – 


	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_ROTA(axis, angle_rads, tar_bit_pos, controls)

	This function echoes a ROTX, ROTY or ROTZ line.


	Parameters

	
	axis (int) – 


	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_ROTN(angle_x_rads, angle_y_rads, angle_z_rads, tar_bit_pos, controls)

	This function echoes a ROTN line.


	Parameters

	
	angle_x_rads (float) – 


	angle_y_rads (float) – 


	angle_z_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SIG(axis, tar_bit_pos, controls)

	This function echo a SIGX, SIGY or SIGZ line.


	Parameters

	
	axis (int) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SWAP(bit1, bit2, controls)

	This function echoes a SWAP line.


	Parameters

	
	bit1 (int) – 


	bit2 (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SWAY(bit1, bit2, controls, rads_list)

	This function echoes a SWAY line.


	Parameters

	
	bit1 (int) – 


	bit2 (int) – 


	controls (Controls) – 


	rads_list (list[float | str]) – 






	Returns

	



	Return type

	None










	
use_U_2_(rads0, rads1, rads2, rads3, tar_bit_pos, controls)

	This function echoes a U_2_ line.


	Parameters

	
	rads0 (float) – 


	rads1 (float) – 


	rads2 (float) – 


	rads3 (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.FouSEO_writer module


	
class qubiter.FouSEO_writer.FouSEO_writer(do_write, file_prefix, emb, do_perm=True, **kwargs)

	Bases: qubiter.SEO_writer.SEO_writer

This class is a subclass of SEO_writer so read that class’ docstrings
first. This class writes English and Picture files for the exact
compilation, discovered by Coppersmith, of the Discrete Fourier
Transform. We follow the conventions of quant-ph 0407215,
“QC Paulinesia” by R.R. Tucci.


	Variables

	do_perm (bool) – True if want circuit to include permutation that reverses qbit order






	
__init__(do_write, file_prefix, emb, do_perm=True, **kwargs)

	Constructor


	Parameters

	
	file_prefix (str) – 


	do_write (bool) – True if want constructor to write automatically without
being asked.


	emb (CktEmbedder) – 


	do_perm (bool) – True if want circuit to include permutation that reverses qbit
order













	
static fourier_trans_mat(num_rows, herm_conj=False)

	This function returns a numpy array with the quantum Fourier
transform in it.


	Parameters

	
	num_rows (int) – number of rows


	herm_conj (bool) – If True, changes sign of all phases, which produces the
hermitian conjugate of the matrix given when this is False






	Returns

	



	Return type

	np.array










	
write()

	Writes circuit for quantum Fourier transform.


	Returns

	



	Return type

	None










	
write_hermitian()

	Write Hermitian conjugate of circuit written by write().


	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.HadamardTransform module


	
class qubiter.HadamardTransform.HadamardTransform

	Bases: object

This class contains only static methods and no constructor. Its
functions are related to the Hadamard Transform.


	
static hadamard_mat(num_qbits, is_quantum=True)

	This function return a numpy array with the num_qbits-fold tensor
product of the 2 dim Hadamard matrix H. If is_quantum=True (False,
resp.), it returns a complex (real, resp.) array.


	Parameters

	
	num_qbits (int) – 


	is_quantum (bool) – 













	
static ht(num_qbits, in_arr)

	This function calculates the Hadamard transform of in_arr. Let H be
the 2 dimensional Hadamard matrix and let ht be the num_bit-fold
tensor product of H. Then this function returns the matrix product
ht*in_arr = out_arr. in_arr and out_arr both have the same shape (
2^num_qbits,).


	Parameters

	
	num_qbits (int) – The number of bits. The dimension of the Hadamard tranform is
2^num_qbits


	in_arr (np.ndarray) – Input array.






	Returns

	



	Return type

	np.ndarray

















          

      

      

    

  

    
      
          
            
  
qubiter.LoopFileGenerator module


	
class qubiter.LoopFileGenerator.LoopFileGenerator(file_prefix, num_qbits, **kwargs)

	Bases: qubiter.SEO_reader.SEO_reader

This class is important to you only if you are interested in using loops
in the English file.

This class reads an English file (a .txt text file) with nested loops in
it and it writes a Loop File (a .py python script). Like all
SEO_reader’s, this class has a PlaceholderManager call vars_manager (
variables manager), but for this class, the vars_manager is of the
special type LoopyPlaceholderManager.


	Variables

	
	indentation_li (list[int]) – one item list containing an int that stores the current number
of indentation spaces in the Loop File being written


	loop_out (_io.TextIOWrapper) – out stream to Loop File being generated.









	
__init__(file_prefix, num_qbits, **kwargs)

	Constructor


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 


	kwargs (dict) – 













	
do_log()

	We override this to prevent writing of log, because when we do,
we get a wrong count for the number of elem ops, because this
SEO_reader is performing a flat reading of the English file (i.e.,
not jumping back at NEXTs)


	Returns

	



	Return type

	None










	
use_LOOP(loop_num, nreps)

	This method overrides method of same name in parent class SEO_reader.

Its purpose is to write a “for” line in the Loop File. It also
increases the indentation in the Loop File by 4 spaces. This gives
Python style indentation for for-loops in Loop File.


	Parameters

	
	loop_num (int) – 


	nreps (int) – 






	Returns

	



	Return type

	None










	
use_NEXT(loop_num)

	This method overrides method of same name in parent class
SEO_reader. It reduces the indentation in the Loop File by 4 spaces.
This gives Python style indentation for for-loops in Loop File.

The use_NEXT in the parent class is responsible for jumping back
from NEXT line to LOOP line if the total number of reps (nreps)
hasn’t been completed. This override doesn’t do that jump. This
gives a flat reading of the English file, without jumping back at
NEXTs.


	Parameters

	loop_num (int) – 



	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.LoopyPlaceholderManager module


	
class qubiter.LoopyPlaceholderManager.LoopyPlaceholderManager(loop_out, indentation_li, **kwargs)

	Bases: qubiter.PlaceholderManager.PlaceholderManager

This class is important to you only if you are interested in using loops
in the English file.

This class is a child of PlaceholderManager. Like its parent
PlaceholderManager, it stores and processes info having to do with
placeholder variables.

This class in used by class LoopFileGenerator to write a Loop File,
which is a template Python file that when modified by you and executed,
generates the history of each placeholder variable ( either a hash
variable or a functional placeholder) used in a target circuit with
nested loops.

A history of a variable is a list of all the values it will assume all
the times it is used in the circuit (each repetition in a loop or nested
loops is counted as a different use.)

Variables with a _li suffix are one item lists. This is a way of passing
by reference (i.e., by pointer) instead of by value, an immutable in
Python.


	Variables

	
	indentation_li (list[int]) – one item list containing an int that stores the current number
of indentation spaces in the Loop File being written


	loop_out (_io.TextIOWrapper) – out stream to Loop File being generated by collaboration of this
class and a LoopFileManager. This class writes to loop_out info
stored in it









	
__init__(loop_out, indentation_li, **kwargs)

	Constructor


	Parameters

	
	loop_out (_io.TextIOWrapper) – 


	indentation_li (list[int]) – 


	kwargs (dict) – 













	
degs_str_to_rads(degs_str, line_count)

	This method overrides method of same name in parent class
PlaceholderManager. This method is called by class SEO_reader every
time a placeholder with a legal name is encountered while reading an
input English file. This method analyzes the legal name and writes
info gleaned from that analysis to the Loop File being written.


	Parameters

	
	degs_str (str) – 


	line_count (int) – 






	Returns

	



	Return type

	float | str










	
write_loop_file_ending()

	This method writes stuff at the end of the Loop File, after the
English file has been read.


	Returns

	



	Return type

	None










	
write_loop_file_prelude()

	This method writes stuff at the beginning of the Loop File, before
the English file has been read.


	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.OneQubitGate module


	
class qubiter.OneQubitGate.OneQubitGate

	Bases: object

This class has no attributes or constructor. It is simply a collection
of static methods, all of which return a complex 2 by 2 matrix (numpy
array or array from some other tensor library). In cases where the
entries of the matrix are all real, an is_quantum bool option is given
to choose between a float or complex array.

All gates have a tensor library lib option. lib equals ‘np’ for numpy,
‘tf’ for tensorflow


	
static P_0(is_quantum=True, lib='np')

	Returns projection operator P_0 = |0><0| = nbar, where |0> = [
1, 0]^T and |1> = [0, 1]^T, T = transpose


	Parameters

	
	is_quantum (bool) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static P_0_phase_fac(ang_rads, lib='np')

	Returns

exp(1j*ang_rads*P_0) = [[x, 0],[0, 1]] with x = exp(1j*ang_rads)


	Parameters

	
	ang_rads (float) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static P_1(is_quantum=True, lib='np')

	Returns projection operator P_1 = |1><1| = n, where |0> = [1,
0]^T and |1> = [0, 1]^T, T = transpose


	Parameters

	
	is_quantum (bool) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static P_1_phase_fac(ang_rads, lib='np')

	Returns

exp(1j*ang_rads*P_1) = [[1, 0],[0, x]] with x = exp(1j*ang_rads)


	Parameters

	
	ang_rads (float) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static const_dict(x)

	Returns dictionary with all values equal to x. Dict is destined to
fill a future 2-dim matrix.


	Parameters

	x – 



	Returns

	



	Return type

	dict










	
static get_fun(lib, fun_name, lib_to_fun_name=None)

	If lib is ‘np’, this method returns eval(lib + ‘.’ + fun_name).
Else, if lib is not ‘np’ then: if lib_to_fun_name is None,
it returns eval(lib + ‘.’ + fun_name), but if lib_to_fun_name is not
None, it returns eval(lib + ‘.’ + lib_to_fun_name[lib]). It aborts
if lib_to_fun_name[ lib] doesn’t exist.


	Parameters

	
	lib (str) – tensor library, either ‘np’ for numpy or ‘tp’ for tensorflow


	fun_name (str) – function name


	lib_to_fun_name (dict[str, str]) – dictionary mapping lib to fun_name. For example {‘tf’: ‘cos’}






	Returns

	



	Return type

	function










	
static get_mat(lib, mat_dict, dtype=None)

	Internal function that creates a tensor of type lib, based on a dict
mat_dict.


	Parameters

	
	lib (str) – 


	mat_dict (dict) – 


	dtype (dtype | None) – 






	Returns

	



	Return type

	np.ndarray










	
static had2(is_quantum=True, lib='np')

	Returns 2 dimensional Hadamard matrix (sigma_x + sigma_z)/sqrt(2).


	Parameters

	
	is_quantum (bool) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static mat_S(herm=False, lib='np')

	Returns

[[1, 0],[0, x*sign]] where x=exp(j*pi/2)=j

where sign = 1 if herm=False and sign = -1 if herm=True.


	Parameters

	
	herm (bool) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static mat_Sdag(lib='np')

	returns S^\dag.


	Parameters

	lib (str) – 



	Returns

	



	Return type

	np.ndarray










	
static mat_T(herm=False, lib='np')

	Returns

[[1, 0],[0, exp(j*pi/4*sign)]]

where sign = 1 if herm=False and sign = -1 if herm=True.


	Parameters

	
	herm (bool) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static mat_Tdag(lib='np')

	returns T^\dag.


	Parameters

	lib (str) – 



	Returns

	



	Return type

	np.ndarray










	
static phase_fac(ang_rads, lib='np')

	Returns

exp(1j*ang_rads*I_2) = [[x, 0],[0, x]] with x = exp(1j*ang_rads)


	Parameters

	
	ang_rads (float) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static rot(rad_ang_x, rad_ang_y, rad_ang_z, lib='np')

	Returns

exp(1j*(rad_ang_x*sig_x + rad_ang_y*sig_y + rad_ang_z*sig_z))

where rad_ang_x is an angle in radians and sig_x is the x Pauli
matrix, etc.


	Parameters

	
	rad_ang_x (float) – 


	rad_ang_y (float) – 


	rad_ang_z (float) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static rot_ax(rad_ang, axis, lib='np')

	Returns

exp(1j*rad_ang*sig_n)

where n = x if axis = 1, n = y if axis = 2 and n = z if axis = 3


	Parameters

	
	rad_ang (float) – 


	axis (int) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static sigx(is_quantum=True, lib='np')

	Returns sigma_x Pauli matrix.


	Parameters

	
	is_quantum (bool) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static sigy(lib='np')

	Returns sigma_y Pauli matrix.


	Parameters

	lib (str) – 



	Returns

	



	Return type

	np.ndarray










	
static sigz(is_quantum=True, lib='np')

	Returns sigma_z Pauli matrix.


	Parameters

	
	is_quantum (bool) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static u2(rads0, rads1, rads2, rads3, lib='np')

	Returns arbitrary 2-dim unitary matrix (U(2) group) parametrized as
follows:

exp(1j*(rads0 + rads1*sig_x + rads2*sig_y + rads3*sig_z))

where rads1 is an angle in radians and sig_x is the x Pauli
matrix, etc.


	Parameters

	
	rads0 (float) – 


	rads1 (float) – 


	rads2 (float) – 


	rads3 (float) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray

















          

      

      

    

  

    
      
          
            
  
qubiter.OneQubitGate module


	
class qubiter.OneQubitGate.OneQubitGate

	Bases: object

This class has no attributes or constructor. It is simply a collection
of static methods, all of which return a complex 2 by 2 matrix (numpy
array or array from some other tensor library). In cases where the
entries of the matrix are all real, an is_quantum bool option is given
to choose between a float or complex array.

All gates have a tensor library lib option. lib equals ‘np’ for numpy,
‘tf’ for tensorflow


	
static P_0(is_quantum=True, lib='np')

	Returns projection operator P_0 = |0><0| = nbar, where |0> = [
1, 0]^T and |1> = [0, 1]^T, T = transpose


	Parameters

	
	is_quantum (bool) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static P_0_phase_fac(ang_rads, lib='np')

	Returns

exp(1j*ang_rads*P_0) = [[x, 0],[0, 1]] with x = exp(1j*ang_rads)


	Parameters

	
	ang_rads (float) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static P_1(is_quantum=True, lib='np')

	Returns projection operator P_1 = |1><1| = n, where |0> = [1,
0]^T and |1> = [0, 1]^T, T = transpose


	Parameters

	
	is_quantum (bool) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static P_1_phase_fac(ang_rads, lib='np')

	Returns

exp(1j*ang_rads*P_1) = [[1, 0],[0, x]] with x = exp(1j*ang_rads)


	Parameters

	
	ang_rads (float) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static const_dict(x)

	Returns dictionary with all values equal to x. Dict is destined to
fill a future 2-dim matrix.


	Parameters

	x – 



	Returns

	



	Return type

	dict










	
static get_fun(lib, fun_name, lib_to_fun_name=None)

	If lib is ‘np’, this method returns eval(lib + ‘.’ + fun_name).
Else, if lib is not ‘np’ then: if lib_to_fun_name is None,
it returns eval(lib + ‘.’ + fun_name), but if lib_to_fun_name is not
None, it returns eval(lib + ‘.’ + lib_to_fun_name[lib]). It aborts
if lib_to_fun_name[ lib] doesn’t exist.


	Parameters

	
	lib (str) – tensor library, either ‘np’ for numpy or ‘tp’ for tensorflow


	fun_name (str) – function name


	lib_to_fun_name (dict[str, str]) – dictionary mapping lib to fun_name. For example {‘tf’: ‘cos’}






	Returns

	



	Return type

	function










	
static get_mat(lib, mat_dict, dtype=None)

	Internal function that creates a tensor of type lib, based on a dict
mat_dict.


	Parameters

	
	lib (str) – 


	mat_dict (dict) – 


	dtype (dtype | None) – 






	Returns

	



	Return type

	np.ndarray










	
static had2(is_quantum=True, lib='np')

	Returns 2 dimensional Hadamard matrix (sigma_x + sigma_z)/sqrt(2).


	Parameters

	
	is_quantum (bool) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static mat_S(herm=False, lib='np')

	Returns

[[1, 0],[0, x*sign]] where x=exp(j*pi/2)=j

where sign = 1 if herm=False and sign = -1 if herm=True.


	Parameters

	
	herm (bool) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static mat_Sdag(lib='np')

	returns S^\dag.


	Parameters

	lib (str) – 



	Returns

	



	Return type

	np.ndarray










	
static mat_T(herm=False, lib='np')

	Returns

[[1, 0],[0, exp(j*pi/4*sign)]]

where sign = 1 if herm=False and sign = -1 if herm=True.


	Parameters

	
	herm (bool) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static mat_Tdag(lib='np')

	returns T^\dag.


	Parameters

	lib (str) – 



	Returns

	



	Return type

	np.ndarray










	
static phase_fac(ang_rads, lib='np')

	Returns

exp(1j*ang_rads*I_2) = [[x, 0],[0, x]] with x = exp(1j*ang_rads)


	Parameters

	
	ang_rads (float) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static rot(rad_ang_x, rad_ang_y, rad_ang_z, lib='np')

	Returns

exp(1j*(rad_ang_x*sig_x + rad_ang_y*sig_y + rad_ang_z*sig_z))

where rad_ang_x is an angle in radians and sig_x is the x Pauli
matrix, etc.


	Parameters

	
	rad_ang_x (float) – 


	rad_ang_y (float) – 


	rad_ang_z (float) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static rot_ax(rad_ang, axis, lib='np')

	Returns

exp(1j*rad_ang*sig_n)

where n = x if axis = 1, n = y if axis = 2 and n = z if axis = 3


	Parameters

	
	rad_ang (float) – 


	axis (int) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static sigx(is_quantum=True, lib='np')

	Returns sigma_x Pauli matrix.


	Parameters

	
	is_quantum (bool) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static sigy(lib='np')

	Returns sigma_y Pauli matrix.


	Parameters

	lib (str) – 



	Returns

	



	Return type

	np.ndarray










	
static sigz(is_quantum=True, lib='np')

	Returns sigma_z Pauli matrix.


	Parameters

	
	is_quantum (bool) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray










	
static u2(rads0, rads1, rads2, rads3, lib='np')

	Returns arbitrary 2-dim unitary matrix (U(2) group) parametrized as
follows:

exp(1j*(rads0 + rads1*sig_x + rads2*sig_y + rads3*sig_z))

where rads1 is an angle in radians and sig_x is the x Pauli
matrix, etc.


	Parameters

	
	rads0 (float) – 


	rads1 (float) – 


	rads2 (float) – 


	rads3 (float) – 


	lib (str) – 






	Returns

	



	Return type

	np.ndarray

















          

      

      

    

  

    
      
          
            
  
qubiter.PlaceholderManager module


	
class qubiter.PlaceholderManager.PlaceholderManager(no_vars=False, eval_all_vars=True, var_num_to_rads=None, fun_name_to_fun=None)

	Bases: object

The word “placeholder” (as used here and in Tensorflow) refers to a
variable whose evaluation is postponed until a later time. In this
class, we consider gate angle variables-placeholders.

Legal variable names are described in the docstring of the function
is_legal_var_name() in this class.

An object of this class is owned by SEO_reader and subclasses thereof.
When a circuit is read, the methods owned by this class are called to
try to replace the placeholders by values. This class owns a dictionary
var_num_to_rads that is used to store values of all angle variables
used in all placeholders. The class also owns a dictionary
fun_name_to_fun that is used to store functions used in “functional”
type placeholders. Together, these 2 dictionaries are used to find a
float value (“resolve”) each placeholder.


	Variables

	
	all_fun_names (list[str]) – a list of all the distinct function names encountered in circuit


	all_var_nums (list[int]) – a list of all distinct variable numbers encountered in circuit


	eval_all_vars (bool) – will abort if this is True and a variable can’t be evaluated


	fun_name_to_fun (dict[str, function]) – dictionary mapping a function name to a function


	fun_name_to_hist (dict[str, list[function|None]]) – dictionary mapping a function name to its history (a list of
function or None). This is only used when using loops in the English
file. See LoopFileGenerator and LoopyPlaceholder classes for more
info about this variable.


	fun_name_to_use_count (dict[str, int]) – dictionary mapping a function name to its current use count (the
number of times it has been used. Repeat appearances inside a loop
or nested loops are considered as different uses.)


	no_vars (bool) – will abort if this is True and a variable is detected


	var_num_to_hist (dict[int, list[float|None]]) – dictionary mapping a variable number to its history (a list of float
or None). This is only used when using loops in the English file. See
LoopFileGenerator and LoopyPlaceholder classes for more info about
this variable.


	var_num_to_rads (dict[int, float]) – dictionary mapping a variable number to its value in radians


	var_num_to_use_count (dict[int, int]) – dictionary mapping a variable number to its current use count (the
number of times it has been used. Repeat appearances inside a loop
or nested loops are considered as different uses.)









	
__init__(no_vars=False, eval_all_vars=True, var_num_to_rads=None, fun_name_to_fun=None)

	Constructor


	Parameters

	
	no_vars (bool) – 


	eval_all_vars (bool) – 


	var_num_to_rads (dict[int, float]) – a dict mapping variable numbers to a float for radians. Used by
a SEO_reader or its children to evaluate hash prefixed angle
variables in a placeholder.


	fun_name_to_fun (dict[str, function]) – a dictionary mapping each function name to a function that
returns a float that stands for radians. Used by a SEO_reader or
its children to evaluate function names in a functional
placeholder.













	
degs_str_to_rads(degs_str, line_count)

	This method takes in a string degs_str which might represent either
a str() of a float expressing degrees or a legal var name.

If degs_str is not a legal_var_name, the method assumes (This
assumption is okay because the file was written by SEO_writer so it
is always well formed) it’s a str() of a float and returns float(
deg_str)*pi/180.

If degs_str is a legal variable name, the method tries to resolve it
into a rads_value using the 2 dictionaries: self.var_num_to_rads and
self.fun_name_to_fun. If it finds a rads_value, the method returns
rads_value. If no rads_value can be found, the method outputs the
input string unchanged (unless eval_all_vars=True in which case the
method aborts).


	Parameters

	
	degs_str (str) – 


	line_count (int) – this is the line_count in the English file being read. This is
not used by this function but is used by overrides of it like
the one in LoopyPlaceholderManager






	Returns

	



	Return type

	float | str










	
static get_leg_var_fun_name(var_name)

	Assumes var_name is a legal variable name (doesn’t check). Returns
the function name if there is one or None otherwise.


	Parameters

	var_name (str) – 



	Returns

	



	Return type

	str | None










	
static get_leg_var_scale_fac(var_name)

	Assumes var_name is a legal variable name (doesn’t check). If it’s a
functional variable, it returns None. If it’s not a functional
variable, it returns the scale factor, the float after the *,
if there is a * or a 1 if there is no *


	Parameters

	var_name (str) – 



	Returns

	



	Return type

	float | None










	
static get_leg_var_sign(var_name)

	Assumes var_name is a legal variable name (doesn’t check). Returns
sign of variable, either +1 or -1


	Parameters

	var_name (str) – 



	Returns

	



	Return type

	int










	
static get_leg_var_var_nums(var_name)

	Assumes var_name is a legal variable name (doesn’t check). Returns a
list of the variable numbers


	Parameters

	var_name (str) – 



	Returns

	



	Return type

	list[int]










	
static have_resolved_history(hist)

	This function tries to resolve a history. It returns True iff it
succeeds.

A history of a variable is a list of all the values it will assume
all the times it is used in the circuit (each repetition in a loop
or nested loops is counted as a different use.) For a hash
placeholder, a history is a list of floats or None’s. For a
functional placeholder, a history is a list of functions or None’s.

Resolving a history successfully means replacing all None’s by a
value that is not a None. This is accomplished by moving in order of
ascending index on the list and replacing each None by its
predecessor. The very first use cannot be a None.


	Parameters

	hist (list[float | function | None]) – 



	Returns

	



	Return type

	bool










	
static is_functional_var(var_name)

	Assumes var_name is a legal variable name (doesn’t check). Returns
True iff var_name is a functional variable name


	Parameters

	var_name (str) – 



	Returns

	



	Return type

	bool










	
static is_legal_var_name(name)

	This method returns True iff name is a legal variable name.

Legal variable names must be of form #3 or -#3 or #3*.5 or
-#3*.5 where 3 can be replaced by any non-negative int, and .5 can
be replaced by anything that can be an argument of float() without
throwing an exception. In this example, the 3 that follows the hash
character is called the variable number

NEW! (functional placeholder variables)

Now legal variable names can ALSO be of the form my_fun#1#2 or
-my_fun#1#2, where


	the 1 and 2 can be replaced by any non-negative integers and there




might be any number > 0 of hash variables. Thus, there need not
always be precisely 2 hash variables as in the example.


	my_fun can be replaced by the name of any function with one or




more input floats (2 inputs in the example), as long as the first
character of the function’s name is a lower case letter.

The strings my_fun#1#2 or -my_fun#1#2 indicate than one wants to
use for the angle being replaced, the values of my_fun(#1, #2) or
-my_fun(#1, #2), respectively, where the inputs #1 and #2 are
floats standing for radians and the output is also a float standing
for radians.


	Parameters

	name (str) – 



	Returns

	



	Return type

	bool










	
resolve_all_histories()

	This function tries to resolve the histories of all hash and
functional placeholder variables. It aborts if it fails to resolve
any of those histories.


	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.Plotter module


	
class qubiter.Plotter.Plotter

	Bases: object

This class has no constructor. All its methods are static methods. It
contains various utility methods for (1) creating pandas dataframes from
state vectors and density matrices created by StateVec methods, and (2)
plotting such dataframes. Dataframes with probability (resp., amplitude)
entries are plotted as bar plots (resp., quiver plots). Casting things
into dataframes is convenient because they are automatically displayed
as html tables in jupyter notebooks.


	
static get_bit_probs_df(bit_probs)

	Admits as input a list bit_probs with num_qbits items consisting of
pairs of two floats. Returns a dataframe with two columns and
num_qbits rows. The rows are labelled by 0, 1, 2, …


	Parameters

	bit_probs (list[tuple(float, float)]) – 



	Returns

	



	Return type

	pan.DataFrame










	
static get_den_mat_df(num_qbits, den_mat, use_bin_labels=True)

	Admits as input a numpy array den_mat (a density matrix) of shape (
dim, dim), where dim= 2^num_qbits and ZL convention is assumed.
Returns square dataframe with entries of den_mat. The rows and
columns are labelled by 0, 1, 2, … or their binary equivalents,
depending on the bool value of use_bin_labels.


	Parameters

	
	num_qbits (int) – 


	den_mat (np.ndarray) – 


	use_bin_labels (bool) – 






	Returns

	



	Return type

	pan.DataFrame










	
static get_pd_df(num_qbits, pd, use_bin_labels=True)

	Admits as input a 1-dim numpy array pd (probability distribution)
with shape ( 2^num_qbits, ) and ZL convention is assumed. Returns a
dataframe with its entries. The rows are labelled by 0, 1, 2,
… or their binary equivalents, depending on the bool value of
use_bin_labels.


	Parameters

	
	num_qbits (int) – 


	pd (np.ndarray) – 


	use_bin_labels (bool) – 






	Returns

	



	Return type

	pan.DataFrame










	
static get_st_vec_df(trad_st_vec, use_bin_labels=True)

	Admits as input trad_st_vec which is a complex numpy array with
shape (dim,) where dim= 2^num_qbits and ZL convention is assumed.
Returns a dataframe with a single column with 2^num_bit rows. The
rows are labelled by 0, 1, 2, … or their binary equivalents,
depending on the bool value of use_bin_labels.


	Parameters

	
	trad_st_vec (np.ndarray) – 


	use_bin_labels (bool) – 






	Returns

	



	Return type

	pan.DataFrame










	
static get_states(num_qbits, use_bin_labels=True, ZL=True)

	Returns list of strings [‘0’, ‘1’, ..] with 2^num_qbits entries if
use_bin_labels=False, or the binary string equivalents if
use_bin_labels=True.


	Parameters

	
	num_qbits (int) – 


	use_bin_labels (bool) – 


	ZL (bool) – If True, appends “(ZL)” to state labels. Else appends “(ZF)”






	Returns

	



	Return type

	list[str]










	
static plot_counts(state_name_to_counts)

	Plots an OrderedDict[str, int] called state_name_to_counts as a bar
graph. Divides counts by their sum before plotting.


	Parameters

	state_name_to_counts (OrderedDict[str, int]) – 



	Returns

	



	Return type

	None










	
static plot_phasors(titles, st_vec_df_list=None, den_mat_df_list=None)

	Admits as input a list of dataframes called ‘st_vec_df_list’ or one
called ‘den_mat_df_list’ but not both. Exactly one of these lists
must be None. The names of the dataframes are given by the list of
strings ‘titles’. Let dim = 2^num_qbits. The dataframes in
st_vec_df_list have one column with dim rows, whereas those for
den_mat_df_list are square with dim rows and columns. This function
plots each dataframe in the list as a quiver plot (phasor->arrow)
with dim rows and either one column or dim columns.


	Parameters

	
	titles (list[str]) – 


	st_vec_df_list (list[pan.DataFrame]|None) – 


	den_mat_df_list (list[pan.DataFrame]|None) – 






	Returns

	



	Return type

	None










	
static plot_probs_col(titles, probs_col_df_list)

	Admits as input a list of dataframes called ‘probs_col_df_list’. The
names of the dataframes are given by the list of strings ‘titles’.
The dataframes all have a single column, and possibly different
numbers of rows. All entries of all dataframes are floats between 0
and 1. This function plots each dataframe in the list as a barplot.


	Parameters

	
	titles (list[str]) – 


	probs_col_df_list (list[pan.DataFrame]) – 






	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.SEO_Lista module


	
class qubiter.SEO_Lista.SEO_Lista(num_qbits, line_list=None)

	Bases: object

Whereas with Qubiter, the main way of storing circuits is in files,
with programs like PyQuil (by Rigetti) and Cirq (by Google), circuits (
aka programs) are stored entirely in memory, essentially as Python
lists of gates. Lists of this type can be sliced, combined, etc. When
using such lists, it is easy to randomly access any gate of the circuit
at will. This is convenient, for instance, when doing circuit
optimizations (i.e., replacing the circuit by an equivalent but
hopefully shorter one, what IBM qiskit calls “transpiling”).

In this class, we support Qubiter’s version of PyQuil’s and Cirq’s gate
lists. In Qubiter, we use simply a Python list of the lines, stored as
strings, with the ending `\n` removed, of the circuit’s English file.


	Variables

	
	line_list (list[str]) – 


	num_qbits (int) – 









	
__add__(other)

	Define + of two SEO_Lista objects.


	Parameters

	other (SEO_Lista) – 



	Returns

	



	Return type

	SEO_Lista










	
__getitem__(item)

	Define self[item].


	Parameters

	item (slice) – 



	Returns

	



	Return type

	SEO_Lista










	
__iadd__(other)

	Define += for inplace addition of an SEO_Lista object to self.


	Parameters

	other (SEO_Lista) – 



	Returns

	



	Return type

	SEO_Lista










	
__init__(num_qbits, line_list=None)

	Constructor






	
add_xy_meas_coda(bit_pos_to_xy_str)

	This method adds a “coda” (tail ending) to self using data in
bit_pos_to_xy_str to determine what coda will be.


	Parameters

	bit_pos_to_xy_str (dict[int, str]) – 



	Returns

	



	Return type

	None










	
append(fun_name, param_list, emb=None)

	This method adds at the end of self a new single line for a single
gate. fun_name is the name of any function in SEO_writer whose name
starts with the string ‘write_’ and param_list is a list containing
values for the arguments of fun_name. This method creates an object
of SEO_writer called wr and calls

eval(‘wr.’ + fun_name + ‘(*param_list)’).

Instead of creating temporary English and Picture files as was done
in a previous version of this function, wr now writes into
in-streams which are StringIO that live purely in memory. This is
much more efficient because it involves no files at any time.


	Parameters

	
	fun_name (str) – 


	param_list (list) – 


	emb (CktEmbedder) – 













	
static eng_file_to_line_list(file_prefix, num_qbits)

	This static method reads an English file with file prefix
file_prefix and it returns a list of its line strings. Note that
the `\n` at the end of each line in the English file is removed
before adding it to the line list.


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 






	Returns

	



	Return type

	list[str]










	
get_var_nums_and_fun_names()

	This method returns 2 lists:
* a list of all the distinct variable numbers
* a list of all the distinct function names
encountered in the circuit.


	Returns

	



	Return type

	list[int], list[str]










	
herm()

	This method returns an EngLineList which is the Hermitian conjugate
of self.


	Returns

	



	Return type

	SEO_Lista










	
static line_list_to_eng_and_pic_files(line_list, file_prefix, num_qbits)

	This method does the reverse of eng_file_to_line_list(). It writes
both an English file and a Picture file with file
prefix=file_prefix. Note that an `\n` is added at the end of each
line in the line list before writing the line to the English file.


	Parameters

	
	line_list (list[str]) – 


	file_prefix (str) – 


	num_qbits (int) – 






	Returns

	



	Return type

	None










	
print()

	Prints self.line_list, one item per line.


	Returns

	



	Return type

	None










	
simulate(**kwargs1)

	This method creates a temporary English file from self, and uses
that to create an object of SEO_simulator called sim. This has the
effect of evolving the state vector to its final state. The method
ends by deleting the temporary English file, and returning sim. The
output sim can be used to access the final state vector, etc.


	Parameters

	kwargs1 (list) – key-word arguments of SEO_simulator



	Returns

	



	Return type

	SEO_simulator










	
write_eng_and_pic_files(file_prefix)

	This method does the same as line_list_to_eng_and_pic_files(),
except it is called by an object of this class instead of being a
static method.


	Parameters

	file_prefix (str) – 



	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.SEO_MatrixProduct module


	
class qubiter.SEO_MatrixProduct.SEO_MatrixProduct(file_prefix, num_qbits)

	Bases: object

The class SEO_simulator has an initial state vector as an input, and it
calculates the evolution of that state vector after each line of an
English file. This class, on the other hand, has no input (initial) nor
output (evolved) state vectors. Instead, the class calculates the
product of the matrices corresponding to each line (gate) of an English
file.

In order to accomplish this goal, this class calls SEO_simulalor_mp
repeatedly using as initial state vector all the standard basis vectors
(2^num_qbits of them). Then the class assembles the product matrix that
we seek by stacking on top of each other all the 2^num_qbits final
evolved state vectors. Admittedly, this is a very slow, inefficient way
of finding the sought for matrix product. However, it works fine for a
small number of qubits. It can be used to check that gate expansions
agree with what they are supposed to be an expansion of.

Though slow, the strategy used by this class has the advantages that it
was very easy to code, and that every time it is shown to work,
SEO_simulator is shown to work too, 2^num_bit times. This strategy is
also easier to parallelize if the need for that arises at some later date.


	Variables

	prod_arr (np.ndarray) – the product matrix obtained by multiplying each line of the input
English file.






	
__init__(file_prefix, num_qbits)

	Constructor


	Parameters

	
	file_prefix (str) – Prefix of English file being read


	num_qbits (int) – number of bits in English file begin read.

















	
class qubiter.SEO_MatrixProduct.SEO_simulator_mp(file_prefix, num_qbits, init_st_vec=None, **kwargs)

	Bases: qubiter.SEO_simulator.SEO_simulator

This class is a mp (matrix product) child of class SEO_simulator. An
object of this class is created inside class SEO_MatrixProduct. The
purpose of this class is to override the use_MEAS() function of its
parent class SEO_simulator. The new use_MEAS() returns an error message
if an English file with a MEAS line is being read.


	
use_MEAS(tar_bit_pos, kind)

	Returns an error message if an English file with a MEAS line is
being read.


	Parameters

	
	tar_bit_pos (int) – 


	kind (int|bool) – 






	Returns

	



	Return type

	None










	
use_PRINT(style, line_num)

	If circuit has any PRINT statements, skip them.


	Parameters

	
	style (str) – 


	line_num (int) – 






	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.SEO_pre_reader module


	
class qubiter.SEO_pre_reader.SEO_pre_reader(file_prefix, num_qbits)

	Bases: object

This class’ constructor scans (pre-reads) an English file (a type of txt
file). It skips all lines except the ones starting with LOOP or NEXT. By
doing so, it collects information about LOOPs (where they start and end,
their id number and their number of reps). This class is inherited by
class SEO_reader which uses its information to handle embedded loops.

See docstring for class SEO_writer for more info about English files.


	Variables

	
	english_in (_io.TextIOWrapper) – file object for input text file that stores English description of
circuit


	file_prefix (str) – beginning of the name of English file being scanned


	loop_queue (list[int]) – a queue of loops labelled by their id number


	loop_to_nreps (dict[int, int]) – a dictionary mapping loop number TO total number of repetitions of
loop


	loop_to_start_line (dict[int, int]) – a dictionary mapping loop number TO loop line + 1


	loop_to_start_offset (dict[int, int]) – a dictionary mapping loop number TO offset of loop’s start


	num_qbits (int) – number of qubits in whole circuit


	split_line (list[str]) – storage space for a list of strings obtained by splitting a line


	tot_num_lines (int) – number of lines in English file









	
__init__(file_prefix, num_qbits)

	Constructor


	Parameters

	
	file_prefix (str) – file must be called file_prefix + ‘_’ + num_qbits + “_eng.txt”


	num_qbits (int) – total number of qubits of circuit.













	
scan_LOOP()

	Parses and uses line starting with “LOOP”.


	Returns

	



	Return type

	None










	
scan_NEXT()

	Parses and uses line starting with “NEXT”.


	Returns

	



	Return type

	None










	
scan_next_line()

	Scans one line. Skips over any line that doesn’t start with LOOP or
NEXT.


	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.SEO_reader module


	
class qubiter.SEO_reader.SEO_reader(file_prefix, num_qbits, vars_manager=None, verbose=False, write_log=False, xfile_num=-1)

	Bases: qubiter.SEO_pre_reader.SEO_pre_reader

This class inherits from the class SEO_pre_reader. It’s an abstract
class because it has a bunch of use_ methods that must be overridden by
a child class. This class reads each line of an English file, parses it,
and sends the info obtained to a use_ method for further processing. One
very important child of this class is SEO_simulator which uses each line
of the English file to evolve by one further step a quantum state vector.

See the docstring for the class SEO_writer for more info about English
files.

The main use of this “abstract” class is as an intermediate class that
is a parent class to a child class. However, this class is not 100%
abstract. An object of it can be created without getting an error
message iff the write_log input parameter, which is False by default,
is set to True instead. In that case, creating an object of the class
will produce a log file about the English file that it reads. That log
file will contain useful information about the English file, like its
number of lines, its number of elementary ops, its number of CNOT
operations (SIGX with one control), etc.


	Variables

	
	english_in (_io.TextIOWrapper) – file object for input text file that stores English description of
circuit


	line_count (int) – 


	loop_to_cur_rep (dict[int, int]) – a dictionary mapping loop number TO current repetition


	if outside if_m block, else a control specifying the current (mcase_trols) – if_m case


	measured_bits (list(int)) – list of bits that have been measured with type 2 measurement and
haven’t been reset to |0> or |1>


	num_cnots (int) – 


	num_ops (int) – 


	split_line (list[str]) – 


	vars_manager (PlaceholderManager) – handles variables indicated by #int in the English file being read


	verbose (bool) – 


	write_log (bool) – 


	xfile_num (int) – You can ignore this if the English file has no loops. This number is
-1 by default. If you change it to something non-negative, the class
looks in the io_folder for a “Loop xfile” with a very specific name
that mentions the xfile_num: file_prefix + ‘_’ + str( num_qbits) +
‘_loop’ + str(xfile_num) + “.py”. If the class can’t find that xfile
, it will abort. Otherwise, it tries to exec() that xfile. A Loop
xfile is a file that you write yourself from a template file called
“Loop File” that is generated by the classes LoopFileGenerator and
LoopyPlaceholder. The Loop File has the same name as the Loop xfile,
except that the Loop xfile has that additional xfile_num before the
“.py”. Read docstrings and main() of classes LoopFileGenerator and
LoopyPlaceholder for more info and examples illustrating how to use
Loop Files and Loop xfiles.









	
__init__(file_prefix, num_qbits, vars_manager=None, verbose=False, write_log=False, xfile_num=-1)

	Constructor


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 


	vars_manager (PlaceholderManager) – 


	verbose (bool) – 


	write_log (bool) – 


	xfile_num (int) – 













	
degs_str_to_rads(degs_str)

	Wrapper for function of same name in PlaceholderManager.


	Parameters

	degs_str (str) – 



	Returns

	



	Return type

	float | str










	
do_log()

	Write a log file and print info on console too.


	Returns

	



	Return type

	None










	
fill_history_lists_by_executing_loop_xfile()

	This method is called by the constructor of this class, iff the user
enters a valid (non-negative) xfile number. Before using this
method, user is expected to have generated a Loop File from an
English file via classes LoopFileGenerator and
LoopyPlaceholderManager, and created a Loop xfile by editing that
Loop File. This class executes the Loop xfile to fill its history
dictionaries (the ones that end in _hist).


	Returns

	



	Return type

	None










	
finalize_next_line()

	Useful for intercepting the end of each call to next_line().






	
get_log_file_path(rel=False)

	Returns path (relative if rel is True, absolute if rel is False) of
log file.


	Parameters

	rel (bool) – 



	Returns

	



	Return type

	str










	
next_line()

	Analyze the inputted line. Send info to use_ methods labelled by
first four letters of line) for further use.


	Returns

	



	Return type

	None










	
print_log_file()

	Prints log file.


	Returns

	



	Return type

	None










	
read_P_phase_factor(projection_bit)

	Collect useful info from P0PH or P1PH split_line and forward it to
use_ method.


	Parameters

	projection_bit (int) – 



	Returns

	



	Return type

	None










	
read_ROT(axis)

	Collect useful info from ROTX, ROTY, or ROTZ split_line and forward
it to use_ method.


	Parameters

	axis (int) – 



	Returns

	



	Return type

	None










	
read_SIG(axis)

	Collect useful info from SIGX, SIGY, or SIGZ split_line and forward
it to use_ method.


	Parameters

	axis (int) – 



	Returns

	



	Return type

	None










	
read_TF_controls(tokens)

	Same as read_multi_controls() but only allows T/F kind controls.


	Parameters

	tokens (list[str]) – 



	Returns

	



	Return type

	Controls










	
read_multi_controls(tokens, allow_only_TF=False)

	Given a list of tokens of the form:
* an int followed by either T or F,
* int, colon, int,

construct a control out of it.


	Parameters

	
	tokens (list[str]) – 


	allow_only_TF (bool) – 






	Returns

	



	Return type

	Controls










	
use_DIAG(trols, rad_angles)

	Abstract use_ method that must be overridden by child class.


	Parameters

	
	trols (Controls) – 


	rad_angles (list[float]) – 






	Returns

	



	Return type

	None










	
use_HAD2(tar_bit_pos, controls)

	Abstract use_ method that must be overridden by child class.


	Parameters

	
	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_IF_M_beg(controls)

	Abstract use_ method that must be overridden by child class.


	Parameters

	controls (Controls) – 



	Returns

	



	Return type

	None










	
use_IF_M_end()

	Abstract use_ method that must be overridden by child class.


	Returns

	



	Return type

	None










	
use_LOOP(loop_num, nreps)

	Don’t override this unless you know what you are doing and have very
good reasons. It has been carefully set up to deal properly with
embedded loops.


	Parameters

	
	loop_num (int) – 


	nreps (int) – 






	Returns

	



	Return type

	None










	
use_MEAS(tar_bit_pos, kind)

	Abstract use_ method that must be overridden by child class.


	Parameters

	
	kind (int) – 


	tar_bit_pos (int) – 






	Returns

	



	Return type

	None










	
use_MP_Y(tar_bit_pos, trols, rad_angles)

	Abstract use_ method that must be overridden by child class.


	Parameters

	
	tar_bit_pos (int) – 


	trols (Controls) – 


	rad_angles (list[float]) – 






	Returns

	



	Return type

	None










	
use_NEXT(loop_num)

	Don’t override this unless you know what you are doing and have very
good reasons. It has been carefully set up to deal properly with
embedded loops.


	Parameters

	loop_num (int) – 



	Returns

	



	Return type

	None










	
use_NOTA(bla_str)

	Abstract use_ method that must be overridden by child class.


	Parameters

	bla_str (str) – 



	Returns

	



	Return type

	None










	
use_PHAS(angle_rads, tar_bit_pos, controls)

	Abstract use_ method that must be overridden by child class.


	Parameters

	
	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_PRINT(style, line_num)

	Abstract use_ method that must be overridden by child class.


	Parameters

	
	style (str) – 


	line_num (int) – 






	Returns

	



	Return type

	None










	
use_P_PH(projection_bit, angle_rads, tar_bit_pos, controls)

	Abstract use_ method that must be overridden by child class.


	Parameters

	
	projection_bit (int) – 


	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_ROTA(axis, angle_rads, tar_bit_pos, controls)

	Abstract use_ method that must be overridden by child class.


	Parameters

	
	axis (int) – 


	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_ROTN(angle_x_rads, angle_y_rads, angle_z_rads, tar_bit_pos, controls)

	Abstract use_ method that must be overridden by child class.


	Parameters

	
	angle_x_rads (float) – 


	angle_y_rads (float) – 


	angle_z_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SIG(axis, tar_bit_pos, controls)

	Abstract use_ method that must be overridden by child class.


	Parameters

	
	axis (int) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SWAP(bit1, bit2, controls)

	Abstract use_ method that must be overridden by child class.


	Parameters

	
	bit1 (int) – 


	bit2 (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SWAY(bit1, bit2, controls, rads_list)

	Abstract use_ method that must be overridden by child class.


	Parameters

	
	bit1 (int) – 


	bit2 (int) – 


	controls (Controls) – 


	rads_list (list[float | str]) – 






	Returns

	



	Return type

	None










	
use_U_2_(rads0, rads1, rads2, rads3, tar_bit_pos, controls)

	Abstract use_ method that must be overridden by child class.


	Parameters

	
	rads0 (float) – 


	rads1 (float) – 


	rads2 (float) – 


	rads3 (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
static xed_file_prefix(file_prefix)

	Xed file_prefix. Returns file_prefix + ‘_X1’, assuming that ‘_X’ +
str(k) for some integer k is not already the ending of file_prefix.
If it is, then the ending is changed to ‘_X’ + str( k+1). Classes
that use this are called “expanders” throughout Qubiter. The X
stands for expanded.


	Parameters

	file_prefix (str) – 



	Returns

	



	Return type

	str

















          

      

      

    

  

    
      
          
            
  
qubiter.SEO_simulator module


	
class qubiter.SEO_simulator.SEO_simulator(file_prefix, num_qbits, init_st_vec=None, **kwargs)

	Bases: qubiter.SEO_reader.SEO_reader

This class simulates the evolution of a quantum state vector.

This class has SEO_reader as a parent. Each line of an English file is
read by the parent class and handed over to the use_ functions of this
simulator class. The use_  functions multiply the current state vector by
the unitary matrix that represents the latest line read.

An initial state vector can be entered via the constructor or else it is
set to the ground state automatically by the constructor.

3 kinds (called 0, 1, 2) of measurements MEAS are allowed. A type 0
measurement inserts a projector |0><0| = n = P_0 at the target bit.
A type 1 measurement inserts a projector |1><1| = nbar = P_1 at the
target bit. A type 2 measurement stores a copy of the state vector after
|0><0| has been applied, and another copy after |1><1| has been
applied.

self.cur_st_vec_dict is a dictionary of strings (called branch keys) to
state vectors StateVec on num_qbits qubits. We will refer to each state
vec in the dict as a branch. Initially, this dict contains a single
branch with branch key = “pure”. A measurement MEAS of kinds 0 or 1 does
not change the number of branches in the dict, but a measurement of kind
2 doubles their number.

Note that since projectors are not unitary matrices, the branches of
cur_st_vec_dict are not expected have normalized state vectors as values
except when there is only a single branch.

If cur_st_vec_dict contains as values the states |br0>, |br1>, |br2>,
..., then one can construct the density matrix of that state as rho
= |br0><br0| + |br1><br1| + |br2><br2| + ... divided by a number so
that trace(rho)=1. In other words, cur_st_vec_dict is just a particular
way of storing the density matrix of a state. A state with a single
branch is a pure state, but a state with more than one branch may not be.

An item of cur_st_vec_dict may be key=some string, value=None. This
means the state vector of that branch is zero.


	Variables

	
	cached_sts (dict[int, dict(str, StateVec)]) – A dictionary mapping an int to past values of self.cur_st_vec_dict.
Used by use_PRINT() sometimes.


	cur_st_vec_dict (dict(str, StateVec)) – dictionary with key= branch_key string and value= StateVec|None. If
there is a single item in dict, the dict represents a pure state and
the key is “pure”. If there is more than one item, the dict
represents a mixed state and each branch key is a string that
uniquely characterizes the measured controls. For example, if it has
been measured previously (type 2 measurement only) that qubit 2 is
True and qubit 4 is False, the branch key will be ‘4F2T’.


	lib (str) – tensor library. Either ‘np’ for numpy or ‘tf’ for tensorflow


	tensordot (function) – 


	transpose (function) – 


	use_tf (bool) – True iff using TensorFlow Eager. False by default









	
__init__(file_prefix, num_qbits, init_st_vec=None, **kwargs)

	Constructor


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 


	init_st_vec (StateVec) – Get this using the functions StateVec.get_ground_st_vec() or
StateVec.get_standard_basis_st_vec().













	
static branch_is_part_of_mcase(br_trols, case_trols)

	Returns True iff the controls br_trols defining a branch of
self.cur_st_vec_dict agree with the controls case_trols defining a
case measured.


	Parameters

	
	br_trols (Controls) – 


	case_trols (Controls) – 






	Returns

	



	Return type

	bool










	
convert_tensors_to_numpy()

	This method is meant to be overridden to replace tensorflow tensors
(or some other non-numpy tensor type) by numpy tensors.






	
convert_tensors_to_tf()

	This method is meant to be overridden to replace numpy tensors by
tensorflow tensors (or some other non-numpy tensor type).






	
describe_st_vec_dict(**kwargs)

	Calls method with same name in class StateVec. It prints a
description of the current state vector dictionary. Can call this at
the end, after running through whole circuit.


	Parameters

	kwargs (dict[]) – 



	Returns

	



	Return type

	None










	
do_array_assignment_workaround(br_key, slicex, sub_arr)

	Internal function used in evolve_ methods iff autograd is on or
use_tf is True. Should have same effect as

self.cur_st_vec_dict[br_key].arr[slicex] = sub_arr


	Parameters

	
	br_key (str) – 


	slicex (tuple) – 


	sub_arr (np.ndarray) – 






	Returns

	



	Return type

	None










	
do_more_init_before_reading()

	Stub. Called in SEO_simulator.__init__ immediately before calling
SEO_reader.__init__


	Returns

	



	Return type

	None










	
evolve_by_controlled_one_qbit_gate(tar_bit_pos, controls, one_qbit_gate)

	Evolve each branch of cur_st_vec_dict by controlled one bit gate (
from class OneQubitGate) iff the controlled one bit gate line is (1)
outside of an IF_M block, or (2) it is inside such a block, and it
satisfies self.mcase_trols. Note one_qbit_gate is entered as
np.ndarray.


	Parameters

	
	tar_bit_pos (int) – bit position of target of one bit gate.


	controls (Controls) – 


	one_qbit_gate (np.ndarray) – 






	Returns

	



	Return type

	None










	
evolve_by_controlled_qbit_swap(bit1, bit2, controls)

	Evolve each branch of cur_st_vec_dict by controlled bit swap iff the
bit swap line is (1) outside of any IF_M block, or (2) it is inside
such a block, and it satisfies self.mcase_trols.


	Parameters

	
	bit1 (int) – 


	bit2 (int) – bit1 and bit2 are the positions of the 2 bits being swapped.


	controls (Controls) – 






	Returns

	



	Return type

	None










	
finalize_next_line()

	Prints running documentary at the end of the reading of each line.


	Returns

	



	Return type

	None










	
static get_br_key_with_new_link(br_key, new_bit_pos, new_kind)

	Say new_bit_pos=2 and new_kind=True. This returns a new branch key
with ‘2T’ added to the end of the string br_key.


	Parameters

	
	br_key (str) – 


	new_bit_pos (int) – 


	new_kind (bool) – 






	Returns

	



	Return type

	str










	
get_controls_from_br_key(br_key)

	Returns a Controls object built from br_key. br_key is assumed to be
a str key for self.cur_st_vec_dict.


	Parameters

	br_key (str) – 



	Returns

	



	Return type

	Controls










	
get_counts(num_shots, omit_zero_counts=True, use_bin_labels=True, rand_seed=None)

	This method calculates a probability distribution that we call pd
from the current state vector if it is pure. (If the state vec is
not pure, it calculates a density matrix from the
self.cur_st_vec_dict. Then it extracts the diagonal of that density
matrix. That diagonal must be a probability distribution that we
call pd.) Then the method samples pd, num_shots times. The method
returns the result of that sampling as an OrderedDict
state_name_to_counts. Depending on the value of the flag
use_bin_labels, the state names are a string ‘0’, ‘1’, ‘2’, etc,
or their binary representations followed by ‘ZL’, because the ZL
convention is assumed.


	Parameters

	
	num_shots (int) – 


	omit_zero_counts (bool) – 


	use_bin_labels (bool) – 


	rand_seed (int) – 






	Returns

	



	Return type

	OrderedDict[str, int]










	
reshape

	Used by autodoc_mock_imports.






	
tensordot

	Used by autodoc_mock_imports.






	
transpose

	Used by autodoc_mock_imports.






	
use_DIAG(trols, rad_angles)

	This method should not be called. If called, it explains why it
shouldn’t be called.


	Parameters

	
	trols (Controls) – 


	rad_angles (list[float]) – 













	
use_HAD2(tar_bit_pos, controls)

	Overrides the parent class use_ function. Calls
evolve_by_controlled_one_qbit_gate() for had2.


	Parameters

	
	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_IF_M_beg(controls)

	Do nothing.


	Parameters

	controls (Controls) – 



	Returns

	



	Return type

	None










	
use_IF_M_end()

	Do nothing.


	Returns

	



	Return type

	None










	
use_MEAS(tar_bit_pos, kind)

	Overrides the parent class use_ function.

For kind 0 (resp., 1) measurements, it applies P_0=|0><0| (
resp., P_1=|1><1|) to each branch of cur_st_vec_dict.

For kind 2 measurements, it first doubles the number of branches in
cur_st_vec_dict by adding a deep copy of each branch. Next,
it applies P_0 to half of the branches of the dict and P_1 to the
other half.


	Parameters

	
	kind (int) – 


	tar_bit_pos (int) – 






	Returns

	



	Return type

	None










	
use_MP_Y(tar_bit_pos, trols, rad_angles)

	This method should not be called. If called, it explains why it
shouldn’t be called.


	Parameters

	
	tar_bit_pos (int) – 


	trols (Controls) – 


	rad_angles (list[float]) – 













	
use_NOTA(bla_str)

	Do nothing.


	Parameters

	bla_str (str) – 



	Returns

	



	Return type

	None










	
use_PHAS(angle_rads, tar_bit_pos, controls)

	Overrides the parent class use_ function. Calls
evolve_by_controlled_one_qbit_gate() for PHAS.


	Parameters

	
	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_PRINT(style, line_num)

	Prints to screen a description of self.cur_st_vec_dict.


	Parameters

	
	style (str) – style in which to print


	line_num (int) – line number in eng & pic files in which PRINT command appears






	Returns

	



	Return type

	None










	
use_P_PH(projection_bit, angle_rads, tar_bit_pos, controls)

	Overrides the parent class use_ function. Calls
evolve_by_controlled_one_qbit_gate() for P_0 and P_1 phase factors.


	Parameters

	
	projection_bit (int) – 0 (resp. 1) for P_0 (resp. P_1) projection


	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_ROTA(axis, angle_rads, tar_bit_pos, controls)

	Overrides the parent class use_ function. Calls
evolve_by_controlled_one_qbit_gate() for rot along axes x, y, or z.


	Parameters

	
	axis (int) – 1, 2, 3 for x, y, z


	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_ROTN(angle_x_rads, angle_y_rads, angle_z_rads, tar_bit_pos, controls)

	Overrides the parent class use_ function. Calls
evolve_by_controlled_one_qbit_gate() for rot along arbitrary axis.


	Parameters

	
	angle_x_rads (float) – 


	angle_y_rads (float) – 


	angle_z_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SIG(axis, tar_bit_pos, controls)

	Overrides the parent class use_ function. Calls
evolve_by_controlled_one_qbit_gate() for sigx, sigy, sigz.


	Parameters

	
	axis (int) – 1, 2, 3 for x, y, z


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SWAP(bit1, bit2, controls)

	Overrides the parent class use_ function. Calls
evolve_by_controlled_qbit_swap().


	Parameters

	
	bit1 (int) – 


	bit2 (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SWAY(bit1, bit2, controls, rads_list)

	Overrides the parent class use_ function. Calls
evolve_by_controlled_one_qbit_gate() 3 times.

This relies on the fact that

SWAY(0, 1) = SWAY(1, 0) =
X—@
@—U2
X—@

U2 = exp(j*(rads0 + rads1*sig_x))

rads_list = [rads0, rads1]


	Parameters

	
	bit1 (int) – 


	bit2 (int) – 


	controls (Controls) – 


	rads_list (list[float]) – 






	Returns

	



	Return type

	None










	
use_U_2_(rads0, rads1, rads2, rads3, tar_bit_pos, controls)

	Overrides the parent class use_ function. Calls
evolve_by_controlled_one_qbit_gate() for arbitrary unitary 2-dim
matrix.


	Parameters

	
	rads0 (float) – 


	rads1 (float) – 


	rads2 (float) – 


	rads3 (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.SEO_simulator_tf module


	
class qubiter.SEO_simulator_tf.SEO_simulator_tf(file_prefix, num_qbits, init_st_vec=None, **kwargs)

	Bases: qubiter.SEO_simulator.SEO_simulator

TF= TensorFlow

This class is a child of SEO_simulator. The class replaces numpy methods
by TensorFlow (2.0, Eager) methods when those methods perform the state
vector evolution. This allows those tf methods to be taped, and the tape
to be run in reverse to calculate gradients.

At the beginning (in the constructor), the class converts the arrays in
self.cur_st_vec_dict from numpy to tf.

Certain “interface” methods of the parent class were written assuming
that the arrays of self.cur_st_vec_dict are numpy. Such methods call
convert_tensors_to_numpy() at their beginning to convert the tf arrays
to numpy. They also call convert_tensors_to_tf() at their end to
convert the numpy tensors back to tf, the way they were upon starting
the method.


	
__init__(file_prefix, num_qbits, init_st_vec=None, **kwargs)

	Constructor


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 


	init_st_vec (StateVec) – 


	kwargs (dict) – keyword args of SEO_simulator













	
convert_tensors_to_numpy()

	This method converts the arrays in cur_st_vec_dict from tensorflow
to numpy.


	Returns

	



	Return type

	None










	
convert_tensors_to_tf()

	This method converts the arrays in cur_st_vec_dict from numpy to
tensorflow.


	Returns

	



	Return type

	None










	
do_more_init_before_reading()

	Overrides method in parent SEO_simulator.


	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.SEO_writer module


	
class qubiter.SEO_writer.SEO_writer(file_prefix, emb, ZL=True, english_out=None, picture_out=None)

	Bases: object

The constructor of this class opens an English and a Picture file. Every
other method of the class writes, each time it is called, a single line
in each of those 2 files.

Note SEO stands for Sequence of Elementary Operations.

So what are English and Picture files?

We use 3 types of files to characterize a single quantum circuit (in the
gate model): (1) an English file (2) a Picture file (3) a Log file.

Log files are written by class SEO_reader, whereas English and Picture
files are written by this class, SEO_writer.

A log file just contains useful information like the number of lines of
the English file (same as that of Picture file) and their number of
operations.

The lines of an English and Picture file are in 1-1 correspondence,
each line representing a single operation (e.g., a multi-controlled one
qubit gate or a multi-controlled 2 qubit swap).

The English file (resp., Picture file) contains complete (resp.,
partial, in the form of an ASCII picture) info about the operation
specified by each line.

In English and Picture files, time flows downward.

The class SEO_writer gives the bool option ZL. When this argument is set
to True (resp., False), the Picture file shows the zero qubit last (
resp., first), and the remaining qubits in consecutive order. Picture
files written with zero bit last (resp., first) are labelled prefix +
‘_ZLpict.text’ (resp., prefix + ‘_ZFpict.txt’). The ZL choice does not
affect the English file.

See the following and earlier arXiv papers by R.R.Tucci for more info on
English and Picture files.


http://arxiv.org/abs/1004.2205
“Quibbs, a Code Generator for Quantum Gibbs Sampling”




The following pdf is stored in the same folder as this python file.


qubiter_rosetta_stone.pdf




This pdf gives examples of lines in analytic/Picture/English formats.
The Picture file examples follow the ZL convention.

3 kinds (called 0, 1, 2) of measurements MEAS are allowed. A type 0
measurement inserts a projector |0><0| = n = P_0 at the target bit.
A type 1 measurement inserts a projector |1><1| = nbar = P_1 at the
target bit. A type 2 measurement stores a copy of the state vector after
|0><0| has been applied, and another copy after |1><1| has been
applied.

If a vertical wire hasn’t been measured as type 2 measurement,
it is drawn in pic file as “|”;  otherwise, it is drawn as “:”.


	Variables

	
	emb (CktEmbedder) – 


	english_out (_io.TextIOWrapper) – file object for output text file that stores English description of
circuit


	file_prefix (str) – beginning of the name of both English and Picture files


	gate_line_counter (int) – 


	indentation (int) – Starts at 0, Grows by 4 at end of each write_LOOP and decrease by 4
at beginning of each write_NEXT


	measured_bits (list(int)) – list of bits that have been measured with type 2 measurement and
haven’t been reset to |0> or |1>


	picture_out (_io.TextIOWrapper) – file object for output text file that stores ASCII Picture
description of circuit


	ZL (bool) – 









	
__init__(file_prefix, emb, ZL=True, english_out=None, picture_out=None)

	Constructor


	Parameters

	
	file_prefix (str) – 


	emb (CktEmbedder) – 


	ZL (bool) – 


	english_out (_io.TextIOWrapper) – 


	picture_out (_io.TextIOWrapper) – 













	
close_files()

	Closes English and Picture files that were opened by the constructor.


	Returns

	



	Return type

	None










	
colonize(pic_line)

	This function returns new version of pic_line. Every “|” wire is
replaced by “:” colon wire and vice versa iff the wire is at a bit
position that has been measured (type 2 measurement) in the past and
not reset. This function assumes pic_line in ZL convention so must
call this function before calling write_ZF_or_ZL_pic_line()


	Parameters

	pic_line (str) – 



	Returns

	



	Return type

	str










	
delete_files()

	This method will delete the English and Picture files. The files are
closed before being deleted in case that hasn’t been done yet.
Closing a file a second time does nothing.


	Returns

	



	Return type

	None










	
static gen_html_from_eng_or_pic_file(f)

	This function returns a string for an html table generated from an
English or Picture file. The table has two columns.
The first column gives the line numbers starting from 1.


	Parameters

	f (file) – f is file object returned by open()



	Returns

	



	Return type

	str










	
get_eng_file_path(rel=False)

	Returns path (relative if rel is True, absolute if rel is False) of
English file.


	Variables

	rel (bool) – 



	Returns

	



	Return type

	str










	
get_pic_file_path(rel=False)

	Returns path (relative if rel is True, absolute if rel is False) of
Picture file.


	Variables

	rel (bool) – 



	Returns

	



	Return type

	str










	
print_eng_file(jup=False)

	Prints English file.


	Parameters

	jup (bool) – If jup=False, it prints text. Otherwise, it draws in a jupyter
notebook a table with line numbers starting at 1



	Returns

	



	Return type

	None










	
print_pic_file(jup=False)

	Prints Picture file.


	Parameters

	jup (bool) – If jup=False, it prints text. Otherwise, it draws in a jupyter
notebook a table with line numbers starting at 1



	Returns

	



	Return type

	None










	
rads_to_degs_str(rads)

	This method returns

str(rads*180/pi) if isinstance(rads, float)

rads if is_legal_var_name(rads) (this implies rads is str)

aborts otherwise.

The method is only used inside this class so I am making it
non-static even though it doesn’t use self.


	Parameters

	rads (float | str) – 



	Returns

	



	Return type

	str










	
write_H(tar_bit_pos)

	Writes HAD2 with no controls.


	Parameters

	tar_bit_pos (int) – 



	Returns

	



	Return type

	None










	
write_IF_M_beg(trols)

	Writes a ‘IF_M( <controls> ){‘ line in eng & pic files.


	Parameters

	trols (Controls) – 



	Returns

	



	Return type

	None










	
write_IF_M_end()

	Writes an ‘}IF_M’ line in eng and pic files.


	Returns

	



	Return type

	None










	
write_LOOP(loop_num, nreps)

	Writes a ‘LOOP’ line in eng & pic files. The gates between a LOOP
line and its partner NEXT line are to be repeated a number of times
called nreps.


	Parameters

	
	loop_num (int) – 


	nreps (int) – 






	Returns

	



	Return type

	None










	
write_MEAS(tar_bit_pos, kind)

	Writes a ‘MEAS’ line in eng & pic files. This denotes a measurement
step. We allow 3 kinds of measurements (0, 1, 2) at a target bit.


	Parameters

	
	tar_bit_pos (int) – 


	kind (int) – either 0, 1 or 2






	Returns

	



	Return type

	None










	
write_NEXT(loop_num)

	Writes a ‘NEXT’ line in eng & pic files.


	Parameters

	loop_num (int) – 



	Returns

	



	Return type

	None










	
write_NOTA(bla_str, permission=True)

	Writes a ‘NOTA’ line in eng & pic files. As the name implies,
a NOTA is just a note or comment such as “I love you Mary”. It is
not a gate.


	Parameters

	
	bla_str (str) – 


	permission (bool) – General permission, useful for turning off whole batches of NOTAs






	Returns

	



	Return type

	None










	
write_PRINT(style)

	Writes a ‘PRINT’ line in eng & pic files.


	Parameters

	style (str) – 



	Returns

	



	Return type

	None










	
write_Rn(tar_bit_pos, rads_list)

	Writes

ROTN = exp(1j*(rads_x*sig_x + rads_y*sig_y + rads_z*sig_z))

with no controls.


	Parameters

	
	tar_bit_pos (int) – 


	rads_list (list[float]) – [rads_x, rads_y, rads_z]






	Returns

	



	Return type

	None










	
write_Rx(tar_bit_pos, rads)

	writes ROTX = exp(1j*rads*sig_x) with no controls.


	Parameters

	
	tar_bit_pos (int) – 


	rads (float) – 






	Returns

	



	Return type

	None










	
write_Ry(tar_bit_pos, rads)

	Writes ROTY = exp(1j*rads*sig_y) with no controls.


	Parameters

	
	tar_bit_pos (int) – 


	rads (float) – 






	Returns

	



	Return type

	None










	
write_Rz(tar_bit_pos, rads)

	Writes ROTZ = exp(1j*rads*sig_z) with no controls.


	Parameters

	
	tar_bit_pos (int) – 


	rads (float) – 






	Returns

	



	Return type

	None










	
write_S(tar_bit_pos, herm=False)

	Writes P1PH = exp(1j*P_1*pi/2) or its Hermitian with no controls.


	Parameters

	
	tar_bit_pos (int) – 


	herm (bool) – 






	Returns

	



	Return type

	None










	
write_T(tar_bit_pos, herm=False)

	Writes P1PH = exp(1j*P_1*pi/4) or its Hermitian with no controls.


	Parameters

	
	tar_bit_pos (int) – 


	herm (bool) – 






	Returns

	



	Return type

	None










	
write_U2(tar_bit_pos, rads_list)

	Writes

UN_2= exp(1j*(rads0 + rads1*sig_x + rads2*sig_y + rads3*sig_z))

with no controls.


	Parameters

	
	tar_bit_pos (int) – 


	rads_list (list[float]) – [rads0, rads1, rads2, rads3]






	Returns

	



	Return type

	None










	
write_X(tar_bit_pos)

	Writes SIGX with no controls.


	Parameters

	tar_bit_pos (int) – 



	Returns

	



	Return type

	None










	
write_Y(tar_bit_pos)

	Writes SIGY with no controls.


	Parameters

	tar_bit_pos (int) – 



	Returns

	



	Return type

	None










	
write_Z(tar_bit_pos)

	Writes SIGZ with no controls.


	Parameters

	tar_bit_pos (int) – 



	Returns

	



	Return type

	None










	
write_ZF_or_ZL_pic_line(pic_line)

	Writes a line in the Picture file using either the ZF or ZL
conventions. pic_line is originally written in ZL format, so this
method does nothing to pic_line if ZL option is chosen but reverses
order of gates if ZF option chosen.


	Parameters

	pic_line (str) – 



	Returns

	



	Return type

	None










	
write_c_P1PH(control_bit, target_bit, rads=<sphinx.ext.autodoc.importer._MockObject object>, kind=True)

	Writes a simple singly controlled P1PH. If kind=True (resp. False),
c_P1PH fires when control is |1> (resp. |0>). When kind=
True and rads=p1, c_P1PH equals (-1)^{n(t)n(c)} = sigz(t)^{n(c)}
where c is the control and t is the target. This is often called a
controlled Z, and denoted by Cz.


	Parameters

	
	control_bit (int) – 


	target_bit (int) – 


	rads (float) – 


	kind (bool) – 






	Returns

	



	Return type

	None










	
write_cnot(control_bit, target_bit, kind=True)

	Writes a simple singly controlled not. If kind=True (resp. False),
cnot fires when control is |1> (resp. |0>).


	Parameters

	
	control_bit (int) – 


	target_bit (int) – 


	kind (bool) – 






	Returns

	



	Return type

	None










	
write_controlled_diag_unitary_gate(trols, rad_angles)

	Writes a line in eng & pic files for a diagonal unitary gate ‘DIAG’
with >= 0 controls of either int (integer, intrinsic) or True/False
kind.


	Parameters

	
	trols (Controls) – 


	rad_angles (list[float]) – 






	Returns

	



	Return type

	None










	
write_controlled_multiplexor_gate(tar_bit_pos, trols, rad_angles)

	Writes a line in eng & pic files for a multiplexor ‘MP_Y’ with >= 0
controls of either int (integer, intrinsic) or True/False kind.


	Parameters

	
	tar_bit_pos (int) – 


	trols (Controls) – 


	rad_angles (list[float]) – 






	Returns

	



	Return type

	None










	
write_controlled_one_qbit_gate(tar_bit_pos, trols, one_qbit_gate_fun, fun_arg_list=None)

	Writes a line in eng & pic files for a one bit gate (from class
OneQubitGate) with >= 0 controls.


	Parameters

	
	tar_bit_pos (int) – 


	trols (Controls) – 


	one_qbit_gate_fun (function) – maps Any->np.ndarray


	fun_arg_list (list) – 






	Returns

	



	Return type

	None










	
write_controlled_preamble(trols)

	This is an internal function, used as preamble to all methods that
are named write_controlled_…()


	Parameters

	trols (Controls) – 



	Returns

	



	Return type

	Controls










	
write_controlled_qbit_swap(bit1, bit2, trols, rads_list=None)

	If rads_list=None, this method writes a line in eng & pic files for
a ‘SWAP’ with >= 0 controls

NOTE: SWAP is qbit symmetric: SWAP(0,1) = SWAP(1,0)

If rads_list is not None and equals a list of 2 angles, rads_list=[
rads0, rads1], this method writes a generalization of SWAP that I
call SWAY (just to have a verb that is close to swap)

SWAY  =
[1  0  0]
[0  U2 0]
[0  0  1]

where U2 is the most general 2-dim unitary matrix satisfying

sigx U2 sigx = U2.

If U2 is parametrized as

U2 = exp(j*(rads0 + rads1*sigx + rads2*sigy + rads3*sigz))

then SWAY is qbit symmetric (SWAY(0,1)=SWAY(1,0)) iff sigx U2 sigx
= U2 iff rads2=rads3=0.

SWAY includes SWAP, sqrt(SWAP), iSWAP, sqrt(iSWAP), PWAP,
sqrt(PSWAP) etc.


	Parameters

	
	bit1 (int) – 


	bit2 (int) – bit1 and bit2 are the positions of the swapped bits.


	trols (Controls) – 


	rads_list (list[float | str ] | None) – 






	Returns

	



	Return type

	None










	
write_cz(control_bit, target_bit, kind=True)

	Writes a simple singly controlled Z. If kind=True (resp. False),
cz fires when control is |1> (resp. |0>).


	Parameters

	
	control_bit (int) – 


	target_bit (int) – 


	kind (bool) – 






	Returns

	



	Return type

	None










	
write_diag_unitary_gate(controls, rad_angles)

	Write a line in eng & pic files for a diagonal unitary ‘DIAG’ with
no T/F controls.


	Parameters

	
	controls (Controls) – 


	rad_angles (list[float]) – 






	Returns

	



	Return type

	None










	
write_global_phase_fac(ang_rads)

	Write a line in eng & pic files for a global phase factor ‘PHAS’
with no controls.


	Parameters

	ang_rads (float) – 



	Returns

	



	Return type

	None










	
write_multiplexor_gate(tar_bit_pos, controls, rad_angles)

	Write a line in eng & pic files for a multiplexor ‘MP_Y’ with
no T/F controls.


	Parameters

	
	tar_bit_pos (int) – 


	controls (Controls) – 


	rad_angles (list[float]) – 






	Returns

	



	Return type

	None










	
write_one_qbit_gate(tar_bit_pos, one_qbit_gate_fun, fun_arg_list=None)

	Write a line in eng & pic files for a one qubit gate (from class
OneQubitGate) with no controls.


	Parameters

	
	tar_bit_pos (int) – 


	one_qbit_gate_fun (function) – 


	fun_arg_list (list) – 






	Returns

	



	Return type

	None










	
write_qbit_swap(bit1, bit2, rads_list=None)

	Write a line in eng & pic files for a ‘SWAP’ if rads_list=None or
‘SWAY’ if rads_list!=None, with no controls.


	Parameters

	
	bit1 (int) – 


	bit2 (int) – 


	rads_list (list[float | str] | None) – 






	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.StateVec module


	
class qubiter.StateVec.StateVec(num_qbits, arr=None)

	Bases: object

This class is a wrapper for its main attribute, a complex numpy array
self.arr with shape [2]*num_qbits. The class also provides functions for
performing calculations on dictionaries of the objects of this class
StateVec. The keys of these dictionaries of state vectors are strings
that we call branch_keys, because they name “branches” in class
SEO_simulation. This class also provides a function for constructing
from such dictionaries of state vectors, a density matrix which is a 2
dim square numpy array of dimension 2^num_qbits.

IMPORTANT: See docstring of method get_traditional_st_vec() for
explanation of qubit ordering conventions and shape of self.arr.


	Variables

	
	arr (np.ndarray) – a complex array of shape [2]*num_qbits


	num_qbits (int) – 









	
__init__(num_qbits, arr=None)

	Constructor


	Parameters

	
	num_qbits (int) – 


	arr (np.ndarray) – 













	
__str__()

	Returns str(self.arr).


	Returns

	



	Return type

	str










	
describe_self(print_st_vec=False, do_pp=False, omit_zero_amps=False, show_pp_probs=False, ZL=True, plot_st_vec_pd=False)

	Prints a description of self.


	Parameters

	
	print_st_vec (bool) – if True, prints the final state vector (which may be huge. For n
qubits, it has 2^n components.)


	do_pp (bool) – pp= pretty print. Only used if print_st_vec=True. For pp=False,
it prints final state vector in usual numpy array print style.
For pp=True, it prints final state vector as column of (index,
array value) pairs.


	omit_zero_amps (bool) – If print_st_vec=True, pp=True and this parameter is True too,
will omit states with zero amplitude


	show_pp_probs (bool) – If True, will show probability of each standard basis state.


	ZL (bool) – If True, multi-index of ket in ZL (Zero bit Last) convention.
If False, multi-index of ket in ZF (Zero bit First) convention.


	plot_st_vec_pd (bool) – If True, plots state vector’s probability distribution.






	Returns

	



	Return type

	None










	
static describe_st_vec_dict(st_vec_dict, **kwargs)

	Calls describe_self() for each branch of st_vec_dict.


	Parameters

	
	st_vec_dict (dict[str, StateVec]) – 


	kwargs (dict[]) – the keyword arguments of describe_self()






	Returns

	



	Return type

	None










	
static get_bit_probs(num_qbits, pd)

	Returns a list whose jth item is, for the jth qubit, the pair (p,
1-p), where p is the probability that the jth qubit is 0, if the
state of all other qubits is ignored.

Does not assume that pd is normalized to 1.


	Parameters

	
	num_qbits (int) – 


	pd (np.ndarray) – probability distribution of shape (2^num_qbits,) IMP: assumed to
be indexed in ZL convention






	Returns

	



	Return type

	list[tuple[float, float]]










	
static get_counts_from_obs_vec(num_qbits, obs_vec, use_bin_labels=True, omit_zero_counts=True)

	This method takes as input an observations vector obs_vec such as
returned by another method in this class, namely
get_observations_vec(). This method returns an OrderedDict called
state_name_to_count that maps the names of states to the number of
times they occur in obs_vec. If use_bin_labels=True, state names are
a string composed of a binary number that is num_qbits long, followed
by ‘ZL’ because ZL convention is assumed. If use_bin_labels=False,
state names are ‘0’, ‘1’, ‘2’, etc.


	Parameters

	
	num_qbits (int) – 


	obs_vec (np.ndarray) – 


	use_bin_labels (bool) – 


	omit_zero_counts (bool) – 






	Returns

	



	Return type

	OrderedDict[str, int]










	
static get_den_mat(num_qbits, st_vec_dict)

	Returns a density matrix (indexed in ZL convention) constructed from
st_vec_dict which is a dict from strings to StateVec.

The rows and columns are always labelled 0, 1, 2, .. or binary
representation thereof, regardless of whether ZL or ZF convention.
To switch between bin to dec representations of labels,
see docstring of get_traditional_st_vec().


	Parameters

	
	num_qbits (int) – 


	st_vec_dict (dict[str, StateVec]) – 






	Returns

	



	Return type

	np.ndarray










	
static get_den_mat_pd(den_mat)

	Returns the diagonal of den_mat (so indexed in ZL convention).
den_mat is expected to be a density matrix returned by get_den_mat().


	Parameters

	den_mat (np.ndarray) – density matrix, shape=(dim, dim) where dim=2^num_qbits, indexed
in ZL convention.



	Returns

	



	Return type

	np.ndarray










	
static get_emp_state_vec_from_emp_pd(num_qbits, emp_pd)

	This method takes as input an empirical probability distribution
emp_pd and it returns an empirical state vector calculated from
emp_pd. This requires reshaping emp_pd to the shape [2]*num_qbits,
permuting its indices from the ZL to the ZF convention, and then
taking the sqrt of the components to get an amplitude instead of a
probability. All amplitudes of the output state vector are real
though.


	Parameters

	
	num_qbits (int) – 


	emp_pd (np.ndarray) – its shape is (1<<num_qbits,)






	Returns

	



	Return type

	StateVec










	
static get_empirical_pd_from_counts(num_qbits, state_name_to_count)

	This method takes as input “the counts dict” (i.e., an OrderedDict
called state_name_to_count which is produced by another method in
this class, namely get_counts_from_obs_vec()). This method returns
an empirical probability distribution emp_pd calculated from the
counts dict. emp_pd indices are ints referring to qubit states
labelled in the ZL convention.


	Parameters

	
	num_qbits (int) – 


	state_name_to_count (OrderedDict[str, int]) – 






	Returns

	emp_pd – its shape is (1<<num_qbits,)



	Return type

	np.ndarray










	
static get_entropy(den_mat, method='eigen')

	Returns entropy of density matrix den_mat. Uses natural log for
entropy.


	Parameters

	
	den_mat (np.ndarray) – Density matrix. Eigenvalues must be non-negative and sum to 1.


	method (str) – method used to calculate log of array. Either ‘eigen’ or ‘pade’.






	Returns

	



	Return type

	float










	
static get_ground_st_vec(num_qbits)

	Returns StateVec for the ground state |0>|0>|0>...|0>,
where |0> = [ 1,0]^t and |1> = [0,1]^t, t = transpose.


	Parameters

	num_qbits (int) – 



	Returns

	



	Return type

	StateVec










	
static get_impurity(den_mat)

	Returns abs(trace(den_mat^2) -1). This is zero iff the density
matrix den_mat represents a pure state. For example, for a pure
state den_mat = |a><a|, den_mat^2 = den_mat = |a><a| so this
quantity is indeed zero.


	Parameters

	den_mat (np.nparray) – density matrix, shape=(dim, dim) where dim=2^num_qbits



	Returns

	



	Return type

	float










	
get_mean_value_of_real_diag_mat(real_arr)

	In Quantum Mechanics, one often needs to calculate the mean value of
a Hermitian operator H, mean= <psi|H|psi>. Let H = U^\dag D U,
where U is unitary and D is real diagonal matrix. If self = U|psi>,
then this reduces to finding mean= <self|D|self>. So must decompose
U into a SEO and evolve, using SEO_simulator, to the state U|psi>.


	Parameters

	real_arr (np.ndarray) – a real array of shape=[2]^num_qbits (same shape as self.arr). If
flattened, real_arr contains the diagonal of the matrix D. If U
is a Kronecker prod of 2-dim unitary matrices, the flattened
real_arr can be obtained as Kronecker product of spinors, i.e.,
shape=( 2, ) arrays.



	Returns

	



	Return type

	float










	
static get_observations_vec(num_qbits, pd, num_shots, rand_seed=None)

	vec = vector

num_shots (number of shots) is often called number of trials or
number of samples.

For num_shots=1, this method returns an int (actually, a 1 X 1 array
with an int in it) in range(1<<num_qbits) chosen according to the
probability distribution pd for num_qbits qubits. If the output int
were to be expressed in binary notation, its last, rightmost bit
would be the measurement of the 0th qubit (because pd is assumed to
be in ZL convention).

For num_shots>1, the method returns an np.ndarray of shape (
num_shots,) with the result of doing num_shots repetitions of what
was done for num_shots=1.

Does not assume that pd is normalized to 1.


	Parameters

	
	num_qbits (int) – 


	pd (np.ndarray) – probability distribution of shape (2^num_qbits,) IMP: assumed to
be indexed in ZL convention


	num_shots (int) – 


	rand_seed (int) – 






	Returns

	shape (num_shots,)



	Return type

	np.ndarray










	
static get_partial_tr(num_qbits, den_mat, traced_bits_set)

	Returns the partial trace of a density matrix den_mat. Traces over
qubits in set traced_bits_set. To get full trace, just do np.trace(
den_mat).


	Parameters

	
	num_qbits (int) – 


	den_mat (np.ndarray) – if dim=2^num_qbits, this function assumes that den_mat has shape
(dim, dim) and that it’s indexed in the ZL convention so qubit 0
corresponds to axis num_qbits-1.


	traced_bits_set (set[int]) – Set of qubits being traced over






	Returns

	



	Return type

	np.ndarray










	
get_pd()

	Returns copy of self.get_traditional_st_vec() with amplitudes
replaced by probabilities. pd = probability distribution. So returns
one column array indexed in ZL convention like the traditional state
vec is. Doesn’t check that the resulting array sums to 1.


	Returns

	probability distribution of shape (2^num_qbits,) IMP: will
be indexed in ZL convention.



	Return type

	np.ndarray










	
static get_random_st_vec(num_qbits, rand_seed=None)

	Returns StateVec for random state \sum_b^n A(b^n)|b^n>,
b^n \in { 0, 1}^n, where n=num_qbits and \sum_b^n |A( b^n)|^2
= 1.


	Parameters

	
	num_qbits (int) – 


	rand_seed (int) – 






	Returns

	



	Return type

	StateVec










	
static get_standard_basis_st_vec(spin_dir_list, ZL=True)

	If ZL = True, returns StateVec for state ...|s2>|s1>|s0>,
where spin_dir_list=[...,s2, s1, s0], s_j \in {0, 1} for all j,
|0> = [1, 0]^t and |1> = [0,1]^t, t = transpose. If ZL =
False, same except spin_dir_list=reversed([...,s2, s1, s0]).


	Parameters

	
	spin_dir_list (list[int]) – 


	ZL (bool) – True(False) if last(first) entry of spin_dir_list refers to
qubit 0






	Returns

	



	Return type

	StateVec










	
static get_style_dict(style)

	Given a style string as input, this method returns a dict mapping
various strings denoting parameters of the method
StateVec.describe_self() to their bool values for the input style.


	Parameters

	style (str) – 



	Returns

	



	Return type

	dict[str, bool]










	
get_total_prob()

	Returns total probability of self.


	Returns

	



	Return type

	float










	
get_traditional_st_vec

	Internally, self.arr in Qubiter has shape [2]*num_qbits
and assumes ZF convention because that way a numpy axis and a qubit
number are the same thing. However, the traditional way of writing a
state vector is as a column array of dimension 1<< num_qbits in the
ZL convention.**

This function returns the traditional view. So it reshapes (
flattens) the array and it reverses the axes (reversing axes takes
it from ZF to ZL).

The rows are always labelled 0, 1, 2, 3, … or the binary
representation thereof, regardless of whether ZL or ZF convention.
One can go from digital to binary labels and vice versa
using

>>> x = np.binary_repr(3, width=4)
>>> x
'0011'
>>> int(x, 2)
3






	Returns

	



	Return type

	np.array



	Type

	**IMPORTANT










	
static is_zero(st_vec)

	Returns True iff an object of this class is None or its parameter
arr is None.


	Parameters

	st_vec (StateVec|None) – 



	Returns

	



	Return type

	bool










	
pp_arr_entries(omit_zero_amps=False, show_pp_probs=False, ZL=True)

	pp=pretty print. Prints for each entry of self.arr, a line of the
form (i, j, k, …) self.arr[i, j, k, …], with zero bit last (
resp., first) if ZL=True (resp., False).


	Parameters

	
	omit_zero_amps (bool) – If True, will not list states with zero amplitude.


	show_pp_probs (bool) – If True, will show probability of each amplitude.


	ZL (bool) – If True, multi-index in ZL (Zero bit Last) convention. If False,
multi-index in ZF (Zero bit First) convention.






	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.UnitaryMat module


	
class qubiter.UnitaryMat.UnitaryMat

	Bases: object

This class contains only static methods and no constructor. It contains
some functions associated with unitary matrices.

Note that any numpy array called arr can be saved and loaded from a text
file called file_name using


np.savetxt(file_name, arr)





	and

	arr = np.loadtxt(file_name)






	
static global_phase_rads(arr)

	Assuming that arr is a unitary matrix, this function returns delta
such that arr = exp(i*delta) arr1, where arr1 is a special unitary
matrix (det(arr1) = 1).


	Parameters

	arr (np.ndarray) – 



	Returns

	



	Return type

	float










	
static is_unitary(arr)

	Returns True iff arr is a numpy array that represents a unitary
matrix.


	Parameters

	arr (np.ndarray) – 



	Returns

	



	Return type

	bool










	
static params_from_u2(arr)

	Assuming that arr is a U(2) matrix, this function returns the
parameters (delta, rot_rads, unit_vec) such that arr = exp(
i*delta)exp( i*rot_rads*sig_w) such that unit_vec = [wx, wy, wz] is
a unit vector and sig_w = wx*sigx + wy*sigy + wz*sigz.


	Parameters

	arr (np.ndarray) – 



	Returns

	



	Return type

	float, float, list[float]










	
static u2_from_params(delta, rot_rads, unit_vec)

	This function returns a numpy array arr = exp(i*delta)exp(
i*rot_rads*sig_w) such that unit_vec = [wx, wy, wz] is a unit vector
and sig_w = wx*sigx + wy*sigy + wz*sigz.

params_from_u2() maps arr -> (delta, rot_rads, unit_vec). This
function maps (delta, rot_rads, unit_vec) -> arr so it is the
inverse of params_from_u2(). But be careful, because delta, rot_rads
are not single valued, they are only valid mod 2*pi.


	Parameters

	
	delta (float) – 


	rot_rads (float) – 


	unit_vec (list[float]) – 






	Returns

	



	Return type

	np.ndarray










	
static u2_zyz_decomp(arr)

	Assuming that arr is a U(2) matrix, this function returns (delta,
left_rads, center_rads, right_rads) such that

arr = exp(i*delta)*
exp(i*left_rads*sigz) exp(i*center_rads*sigy) exp(i*right_rads*sigz)

If change axes by x->y, y->z, z->x, get xzx decomp with same angles.


	Parameters

	arr (np.ndarray) – 



	Returns

	



	Return type

	float, float, float, float

















          

      

      

    

  

    
      
          
            
  
qubiter.adv_applications.CostMinimizer module


	
class qubiter.adv_applications.CostMinimizer.CostMinimizer(init_x_val, print_hiatus=1, verbose=False)

	Bases: object

This is an abstract class embodying the ideal of a class for minimizing
a real valued cost function cost_fun with respect to its N variables
x_val.


	Variables

	
	cur_cost (float) – current cost


	cur_targ_cost (float) – current target cost


	cur_x_val (np.ndarray) – current x value


	init_x_val (np.ndarray) – initial x value


	iter_count (int) – iteration count. An iteration is every time the cost function is
called


	print_hiatus (int) – the current values of x_val and cost are printed when iter_count %
print_hiatus == 0  iff print_hiatus > 0


	verbose (bool) – 









	
__init__(init_x_val, print_hiatus=1, verbose=False)

	Constructor


	Parameters

	
	init_x_val (np.ndarray) – 


	print_hiatus (int) – 


	verbose (bool) – 













	
broadcast_cost_fun_call()

	This method prints current cost and x_val each time cost function is
called. It also prints targ_cost if there is one.


	Returns

	



	Return type

	None










	
cost_fun(x_val)

	Abstract method. Given x_val, return cost (float).


	Parameters

	x_val (np.ndarray) – 



	Returns

	



	Return type

	float










	
find_min(interface, **kwargs)

	Abstract method. Returns the minimum (float) of the cost function


	Parameters

	
	interface (str) – 


	kwargs (dict) – 




















          

      

      

    

  

    
      
          
            
  
qubiter.adv_applications.MeanHamil module


	
class qubiter.adv_applications.MeanHamil.MeanHamil(file_prefix, num_qbits, hamil, all_var_nums, fun_name_to_fun, init_st_vec=None, simulator_name=None, num_samples=0)

	Bases: object

This is an abstract class. The main purpose of this class is to evaluate
the mean value of a Hamiltonian.

The Hamiltonian hamil is stored as an object of QubitOperator (a class
of the open-source lib OpenFermion). terms is an attribute of
QubitOperator. hamil.terms is a dictionary that maps a term to a
coefficient. A term represents a tensor product of Pauli matrices (a
Pauli string) as a tuple of tuples of the form (bit_pos, action). An
example of a term: ( (1, ‘X’), (2, ‘Y’))

file_prefix identifies the location of an English file that specifies a
quantum circuit. If init_st_vec=None, we assume that the initial state
of that quantum circuit is the ground state (all qubits in state
|0>). Let |psi> be the final state vector that evolves from that
circuit. Let hamil be a Hamiltonian suitable for that circuit and stored
as an object of QubitOperator (a class of the open-source lib
OpenFermion). Then the mean value evaluated by this class is
<psi|hamil|psi>.

Subclasses of this class use different methods to evaluate this mean
value. They might change the tensor lib (numpy, PyTorch, TensorFlow) or
the device (native, Rigetti, etc.) or the simulator for a particular
device. They might evaluate the mean value exactly or empirically.


	Variables

	
	all_var_nums (list[int]) – This is a list of all the non-functional placeholder variable numbers


	file_prefix (str) – Prefix to English file to be used in evaluating the mean hamil


	fun_name_to_fun (dict[str, function]) – This is a dict that maps function names to functions. Such
functions are functional placeholders, meaning that their values
are only decided at a later time. These functions do not vary
during the minimization process.


	hamil (QubitOperator) – Hamiltonian


	init_st_vec (StateVec) – initial state vector


	num_qbits (int) – number of qubits


	num_samples (int) – number of samples (aka num_shots). If this is zero, the |psi> in
<psi|H|psi> is calculated exactly from theory. If this is >0,
the |psi> is calculated empirically from a number num_samples of
“one-shot” experiments.


	simulator_name (str | None) – name of the simulator.









	
__init__(file_prefix, num_qbits, hamil, all_var_nums, fun_name_to_fun, init_st_vec=None, simulator_name=None, num_samples=0)

	Constructor


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 


	hamil (QubitOperator) – 


	all_var_nums (list[int]) – 


	fun_name_to_fun (dict[str, function]) – 


	init_st_vec (StateVec) – 


	simulator_name (str) – 


	num_samples (int) – 













	
static check_hamil_is_herm(hamil)

	Checks that the Hamiltonian hamil is a Hermitian operator. Emits
warning and stops execution if it isn’t.


	Parameters

	hamil (QubitOperator) – 



	Returns

	



	Return type

	None










	
static check_hamil_is_in_range(hamil, max_bit_pos)

	Checks that the Hamiltonian hamil operates on range(max_bit_pos+1).


	Parameters

	
	hamil (QubitOperator) – 


	max_bit_pos (int) – 






	Returns

	



	Return type

	None










	
get_mean_val(var_num_to_rads)

	Abstract method. The main goal of subclasses of this class is to
override this method.


	Parameters

	var_num_to_rads (dict[int, float]) – 










	
get_real_vec(term)

	Internal method that returns a numpy array, of shape [2]*num_qbits,
that will be used as input to the method
StateVec.get_mean_value_of_real_diag_mat()

The input is a term. terms is an attribute of QubitOperator (a
class in OpenFermion). terms is a dictionary that maps a term to a
coefficient. A term represents a tensor product of Pauli matrices (a
Pauli string) as a tuple of tuples of the form (bit_pos, action). An
example of a term: ((1, ‘X’), (2, ‘Y’))


	Parameters

	term (tuple) – 



	Returns

	shape=[2]*num_qbits



	Return type

	np.ndarray

















          

      

      

    

  

    
      
          
            
  
qubiter.adv_applications.MeanHamilMinimizer module


	
class qubiter.adv_applications.MeanHamilMinimizer.MeanHamilMinimizer(emp_mhamil, targ_mhamil, all_var_nums, init_var_num_to_rads, print_hiatus=1, verbose=False)

	Bases: qubiter.adv_applications.CostMinimizer.CostMinimizer

This class is a child of class CostMinimizer. It’s purpose is to
minimize a cost function which equals the mean value of a Hamiltonian.
We refer to this task as the Mean Hamiltonian Minimization Problem.

The qc history of this problem started with quantum chemists planning to
use on a qc the phase estimation algo invented by Kitaev? (an algo that
is also implemented in Qubiter) to estimate the energy levels (
eigenvalues) of simple molecules, initially H2. Then a bunch of people
realized, heck, rather than trying to estimate the eigenvalues of a
Hamiltonian by estimating the phase changes it causes, we can estimate
those eigenvalues more efficiently by estimating the mean value of that
Hamiltonian as measured empirically on a qc. Basically, just the
Rayleigh-Ritz method, one of the oldest tricks in the book. One of the
first papers to propose this mean idea is
https://arxiv.org/abs/1304.3061 Their algo is commonly referred to by
the ungainly name VQE (Variational Quantum Eigensolver). VQE was
originally applied to do quantum chemistry with a qc. But now Rigetti
and others have renamed it hybrid quantum-classical quantum computing
and pointed out that it’s an algo that has wide applicability, not just
to quantum chemistry.

The idea behind hybrid quantum-classical is very simple. One has a
classical box CBox and a quantum box QBox. The gates of QBox depend on N
gate parameters. QBox sends info to CBox. CBox sends back to QBox N new
gate parameters that will lower some cost function. This feedback
process between CBox and QBox continues until the cost is minimized. The
cost function is the mean value of a Hamiltonian which is estimated
empirically from data obtained from the qc which resides inside the QBox.

To minimize a function of N continuous parameters, one can use some
methods like simulated annealing and Powell that do not require
calculating derivatives, or one can use methods that do use derivatives.
Another possible separation is between methods that don’t care which
local minimum they find, as long as they find one of them, and those
methods that try to find the best local minimum of them all, the so
called global minimum. Yet another separation is between methods that
allow constraints and those that don’t.

Among the methods that do use derivatives, the so called gradient based
methods only use the 1st derivative, whereas other methods use both
first (Jacobian) and second (Hessian) derivatives. The performance of
those that use both 1st and 2nd derivatives degrades quickly as N grows.
Besides, calculating 2nd derivatives is very expensive. Hence, methods
that use the 2nd derivatives are practically useless in the neural
network field where N is usually very large. In that field, gradient
based methods rule.

A method that uses no derivatives is Powell. A gradient based method
that is designed to have a fast convergence rate is the Conjugate
Gradient (CG) method. Another gradient based method is back-propagation
(BP). BP can be implemented as distributed computing much more easily
than other gradient based methods so it is favored by the most popular
computer programs for doing distributed AI, such as PyTorch and
TensorFlow.

Qubiter can perform minimization using various minlibs (minimization
software libraries) such as ‘scipy’, ‘autograd’, ‘tflow’, ‘pytorch’. It
can also use various devices (aka simulators or backends), either
virtual or real, to do the minimization. For example, tensorflow is a
minlib and SEO_simulator_tf is a backend that is native to qubiter and
uses tensorflow. By a native device, we mean one that uses Qubiter
native simulators like SEO_simulator and SEO_simulator_tf.

Non-scipy minlibs implement backprop.

The ‘scipy’ minlib is a wrapper for the scipy function
scipy.optimize.minimize. This scipy umbrella method implements many
minimization methods, including Powell and CG.

https://docs.scipy.org/doc/scipy/reference/generated/scipy.optimize.minimize.html


	Variables

	
	all_var_nums (list[int]) – this is a list of distinct ints that identify each continuous
variable (i.e., parameter, non-functional placeholder variable) on
which the cost function depends. The ordering corresponds to the
ordering of self.init_x_val


	emp_mhamil (MeanHamil) – Empirical mean Hamiltonian, used to evaluate cost


	init_x_val (nm.ndarray) – this array gives the initial values in radians for the cost function
being minimized. The ordering corresponds to the ordering of
self.all_var_nums


	targ_mhamil (MeanHamil) – Target mean Hamiltonian, used to evaluate targ_cost









	
__init__(emp_mhamil, targ_mhamil, all_var_nums, init_var_num_to_rads, print_hiatus=1, verbose=False)

	Constructor


	Parameters

	
	emp_mhamil (MeanHamil) – 


	targ_mhamil (MeanHamil) – 


	all_var_nums (list[int]) – 


	init_var_num_to_rads (dict[int, float]) – 


	print_hiatus (int) – 


	verbose (bool) – 













	
cost_fun(x_val)

	This method wraps self.emp_mhamil.get_mean_val(). This method will
also print out, whenever it is called, a report of the current
values of x and cost (and targ_cost if it is available).


	Parameters

	x_val (np.ndarray) – 



	Returns

	



	Return type

	float










	
find_min(minlib, **kwargs)

	This method finds minimum of cost function. It allows user to choose
among several possible minlibs, namely, ‘scipy’, ‘autograd’,
‘tflow’, ‘pytorch’. minlib parameters can be passed in via kwargs.

kwargs (keyword arguments)
minlib = scipy


the keyword args of scipy.optimize.minimize





	minlib = autograd, tflow

	
	num_interfloat

	number of iterations (an iteration is every time call
cost_fun)



	descent_ratefloat

	positive float, constant that multiplies gradient of cost
function being minimized. Often denoted as eta










	Parameters

	
	minlib (str) – 


	kwargs (dict) – 






	Returns

	OptimizeResult is a class (basically an enum) defined in
scipy.optimize to hold the output results of
scipy.optimize.minimize



	Return type

	OptimizeResult | None










	
targ_cost_fun(x_val)

	Returns the cost, predicted from theory, rather than estimated from
data as in cost_fun(). This method mimics the method cost_fun(),
but that one wraps self.emp_mhamil.get_mean_val(). This one wraps
self.targ_mhamil.get_mean_val().


	Parameters

	x_val (np.ndarray) – 



	Returns

	



	Return type

	float

















          

      

      

    

  

    
      
          
            
  
qubiter.adv_applications.MeanHamil_native module


	
class qubiter.adv_applications.MeanHamil_native.MeanHamil_native(*args, **kwargs)

	Bases: qubiter.adv_applications.MeanHamil.MeanHamil

This class is a child of MeanHamil.

This class does not call real physical hardware, or someone else’s
simulator to calculate mean values. Instead, it uses Qubiter’s built-in
simulators, such as SEO_simulator and SEO_simulator_tf. That is why
we call this class native.


	Variables

	
	list_of_supported_sims (list[str]) – list of the names of simulators supported by this class.
self.simulator_name must be in this list.


	use_tf (bool) – 









	
__init__(*args, **kwargs)

	Constructor


	Parameters

	
	args (list) – positional arguments of MeanHamil


	kwargs (dict) – key-word arguments of MeanHamil













	
get_mean_val(var_num_to_rads)

	This method predicts the mean value of the Hamiltonian hamil using
only Qubiter simulators.


	Parameters

	var_num_to_rads (dict[int, float]) – 



	Returns

	



	Return type

	float










	
list_of_supported_sims = ['SEO_simulator', 'SEO_simulator_tf']

	











          

      

      

    

  

    
      
          
            
  
qubiter.adv_applications.MeanHamil_rigetti module


	
class qubiter.adv_applications.MeanHamil_rigetti.MeanHamil_rigetti(qc, file_prefix, num_qbits, hamil, all_var_nums, fun_name_to_fun, do_resets=True, **kwargs)

	Bases: qubiter.adv_applications.MeanHamil.MeanHamil

This class is a child of MeanHamil.

This class uses either Rigetti’s real hardware or virtual simulator to
calculate mean values. qc returned by Rigetti’s get_qc() method is
passed in as an input to the constructor of this class. If num_samples
!=0, the class uses qc.run() to calculate mean values. If num_samples=0,
the class ignores the qc input and uses PyQuil’s WavefunctionSimulator
to calculate mean values exactly.


	Variables

	
	do_resets (bool) – 


	pg (Program) – object of PyQuil class Program


	qc (QuantumComputer) – returned by PyQuil method get_qc()


	term_to_exec (dict[]) – maps a term to an executable. QubitOperator from OpenFermion has
attribute terms which is a dict from a term to a coefficient. An
executable is the output of PyQuil’s compile() method.


	translation_line_list (list[str]) – a list of lines of PyQuil code generated by the translator. The
lines all start with “pg +=”


	translator (Qubiter_to_RigettiPyQuil) – 









	
__init__(qc, file_prefix, num_qbits, hamil, all_var_nums, fun_name_to_fun, do_resets=True, **kwargs)

	Constructor

Do in constructor as much hamil indep stuff as possible so don’t
have to redo it with every call to cost fun. Also,
when self.num_samples !=0,  we store a dict called term_to_exec
mapping an executable (output of Rigetti compile() function) to a
term,  for each term in the hamiltonian hamil. When num_samples=0,
term_to_exec={}


	Parameters

	
	qc (QuantumComputer) – 


	file_prefix (str) – 


	num_qbits (int) – 


	hamil (QubitOperator) – 


	all_var_nums (list[int]) – 


	fun_name_to_fun (dict[str, function]) – 


	do_resets (bool) – 


	kwargs (dict) – key-words args of MeanHamilMinimizer constructor













	
get_mean_val(var_num_to_rads)

	This method returns the empirically determined Hamiltonian mean
value. It takes as input the values of placeholder variables. It
passes those values into the Rigetti method run() when num_samples
!=0. When num_samples=0, WavefunctionSimulator is used to calculate
the output mean value exactly.


	Parameters

	var_num_to_rads (dict[int, float]) – 



	Returns

	



	Return type

	float

















          

      

      

    

  

    
      
          
            
  
qubiter.adv_applications.PhaseEstSEO_writer module


	
class qubiter.adv_applications.PhaseEstSEO_writer.AtomWriter(do_write, test=False, file_prefix=None, emb=None, **kwargs)

	Bases: qubiter.SEO_writer.SEO_writer

An object of this class or of a subclass thereof is an attribute of
PhaseEstSEO_writer(). If test=False, this class must be subclassed. If
test=True, you get an example. In this example, the atom matrix is a
simple controlled Ry rotation, but more generally, it can be a whole
circuit.


	Variables

	
	class has all the attributes of SEO_writer (This) – 


	test (bool) – If test=True, the class uses testing parameters. If test=False,
this becomes an abstract class that must be subclassed.









	
__init__(do_write, test=False, file_prefix=None, emb=None, **kwargs)

	Constructor


	Parameters

	
	do_write (bool) – 


	test (bool) – 


	file_prefix (str) – 


	emb (CktEmbedder) – 













	
write()

	Same as write_pow(1)


	Returns

	



	Return type

	None










	
write_hermitian()

	Write Hermitian conjugate of circuit written by write().


	Returns

	



	Return type

	None










	
write_pow(power)

	Writes circuit for U^power, where U is the atom matrix.


	Parameters

	power (int) – 



	Returns

	



	Return type

	None










	
write_pow_hermitian(power)

	Write Hermitian conjugate of circuit written by write_pow().


	Parameters

	power (int) – 



	Returns

	



	Return type

	None














	
class qubiter.adv_applications.PhaseEstSEO_writer.PhaseEstSEO_writer(do_write, num_probe_bits, atom_writer, file_prefix, emb, do_perm=True, **kwargs)

	Bases: qubiter.SEO_writer.SEO_writer

The quantum phase estimation algorithm or PEA (see

https://en.wikipedia.org/wiki/Quantum_phase_estimation_algorithm

for an introduction) was invented by Kitaev in 1995. Since then, it has
been used for many purposes such as for finding the ground state energy
of molecules.

This class is a subclass of SEO_writer. It writes the PEA circuit that
is given, for example, in the Wikipedia article just mentioned.

We will divide the qubits used by PEA into 2 disjoint sets and refer to
those sets as: probe qubits and atom qubits. A matrix U that acts on the
atom qubits will be referred to as the atom matrix or just the atom.
First a Hadamard matrix is applied to each probe qubit. Then each probe
qubit interacts with a different power of the atom matrix U. Finally,
an inverse quantum Fourier transform is applied to all the probe qubits
together.

Even though these probe-atom interactions would not change the state of
the probe qubits if they were classical particles, the probes do become
correlated with the atom powers and this shows up after we take the
inverse Fourier transform.

Note that this class writes the whole PEA circuit, but it requires as
input an object of a subclass of the class AtomWriter given below. This
object will write the atom matrix powers.


	Variables

	
	atom_wr (AtomWriter) – An object of a subclass of the class AtomWriter given below. This
object will write the atom matrix powers.


	do_perm (bool) – True if want quantum Fourier Transform circuit to include
permutation that reverses qbit order


	num_probe_bits (int) – Number of probe qubits.









	
__init__(do_write, num_probe_bits, atom_writer, file_prefix, emb, do_perm=True, **kwargs)

	Constructor


	Parameters

	
	do_write (bool) – True if want constructor to write automatically without being
asked.


	atom_writer (AtomWriter) – 


	num_probe_bits (int) – 


	file_prefix (str) – 


	emb (CktEmbedder) – 


	do_perm (bool) – True if want quantum Fourier Transform circuit to include
permutation that reverses qbit order













	
write()

	Writes the circuit for quantum phase estimation.


	Returns

	



	Return type

	None










	
write_hermitian()

	Write Hermitian conjugate of circuit written by write().


	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.adv_applications.StairsAllDeriv_native module


	
class qubiter.adv_applications.StairsAllDeriv_native.StairsAllDeriv_native(gate_str_to_rads_list, file_prefix, parent_num_qbits, hamil, **kwargs)

	Bases: qubiter.adv_applications.StairsDeriv_native.StairsDeriv_native

This class is a child of StairsDeriv_native. For the parent class,
the get_mean_val() method returns a list of 4 partial derivatives
belonging to a particular gate string (a gate_str is a key in
gate_str_to_rads_list). For this class, get_mean_val() returns an
ordered dictionary mapping each gate_str to its 4 partials.


	Variables

	deriv_gate_str (str) – 






	
__init__(gate_str_to_rads_list, file_prefix, parent_num_qbits, hamil, **kwargs)

	Constructor


	Parameters

	
	gate_str_to_rads_list (dict[str, list[float|str]]) – 


	file_prefix (str) – 


	parent_num_qbits (int) – 


	hamil (QubitOperator) – 


	kwargs (dict) – key-word arguments of MeanHamil













	
get_mean_val(var_num_to_rads)

	This method returns an ordered dictionary gate_str_to_partials_list
mapping each gate_str to its 4 partial derivatives. This method
calls the get_mean_val() of the parent class for all possible
gate_str.

The output dictionary of this method can be converted to a numpy
array using
StairDerivCkt_writer.make_array_from_gate_str_to_rads_list()


	Parameters

	var_num_to_rads (dict[int, float]) – 



	Returns

	



	Return type

	dict[str, list[float]]

















          

      

      

    

  

    
      
          
            
  
qubiter.adv_applications.StairsAllDeriv_rigetti module


	
class qubiter.adv_applications.StairsAllDeriv_rigetti.StairsAllDeriv_rigetti(qc, gate_str_to_rads_list, file_prefix, parent_num_qbits, hamil, **kwargs)

	Bases: qubiter.adv_applications.StairsDeriv_rigetti.StairsDeriv_rigetti

This class is a child of StairsDeriv_rigetti. For the parent class,
the get_mean_val() method returns a list of 4 partial derivatives
belonging to a particular gate string (a gate_str is a key in
gate_str_to_rads_list). For this class, get_mean_val() returns an
ordered dictionary mapping each gate_str to its 4 partials.


	Variables

	deriv_gate_str (str) – 






	
__init__(qc, gate_str_to_rads_list, file_prefix, parent_num_qbits, hamil, **kwargs)

	Constructor


	Parameters

	
	qc (QuantumComputer) – 


	gate_str_to_rads_list (dict[str, list[float|str]]) – 


	file_prefix (str) – 


	parent_num_qbits (int) – 


	hamil (QubitOperator) – 


	kwargs (dict) – key-word arguments of MeanHamil













	
get_mean_val(var_num_to_rads)

	This method returns an ordered dictionary gate_str_to_partials_list
mapping each gate_str to its 4 partial derivatives. This method
calls the get_mean_val() of the parent class for all possible
gate_str.

The output dictionary of this method can be converted to a numpy
array using
StairDerivCkt_writer.make_array_from_gate_str_to_rads_list()


	Parameters

	var_num_to_rads (dict[int, float]) – 



	Returns

	



	Return type

	dict[str, list[float]]

















          

      

      

    

  

    
      
          
            
  
qubiter.adv_applications.StairsCkt_writer module


	
class qubiter.adv_applications.StairsCkt_writer.StairsCkt_writer(gate_str_to_rads_list, file_prefix, emb, **kwargs)

	Bases: qubiter.SEO_writer.SEO_writer

This class is a subclass of class SEO_writer and it writes a “Stairs
Circuit”. For example, this is what the Picture file of a Stairs Circuit
looks like for num_qbits = 3:

U   |   |
O---U   |
@---U   |
O---O---U
O---@---U
@---O---U
@---@---U





Here, U is a general U(2) matrix with 4 parameters, all of which can be
made into placeholder variables. If each U is represented by a node and
the controls of each U represent its parents, then this quantum circuit
can be represented by a fully connected Quantum Bayesian Network (QB
net). (See my >10 year old blog called “Quantum Bayesian Networks” for
more info than you would ever want to know about QB nets).

This class can also be asked to construct a QB net that is not fully
connected, by limiting the number of controls for a given U to fewer
than all the ones to its left. For example, suppose that in the
num_qbits=3 case, we restrict the parents of the U in the last step to
just one, instead of the 2 parents that it has in the fully connected
case. Then we get:

U   |   |
O---U   |
@---U   |
O---+---U
@---+---U





or:

U   |   |
O---U   |
@---U   |
|   O---U
|   @---U





The constructor of this class has as input an ordered dictionary called
gate_str_to_rads_list. This dictionary gives for each gate in the
quantum circuit, a gate string gate_str that specifies the gate.
gate_str_to_rads_list maps gate_str to a list of 4 floats (or
placeholder variables for those floats) for the 4 parameters of the U
matrix. For example, here are possible values for gate_str_to_rads_list
for the num_qbits=3 fully connected qb net

with every rads_list item filled with the same constant .3:

{'prior': [0.3, 0.3, 0.3, 0.3],
 '2F': [0.3, 0.3, 0.3, 0.3],
 '2T': [0.3, 0.3, 0.3, 0.3],
 '2F1F': [0.3, 0.3, 0.3, 0.3],
 '2F1T': [0.3, 0.3, 0.3, 0.3],
 '2T1F': [0.3, 0.3, 0.3, 0.3],
 '2T1T': [0.3, 0.3, 0.3, 0.3]}





with every rads_list item filled by a random number between 0 and 2pi:

{'prior': [0.46731839721496604,
           0.012285135138256131,
           0.20001353832948487,
           0.36694428209569985],
 '2F': [4.1968011007222898,
        5.1978252498063808,
        4.8063090848060321,
        4.2509081392354409],
 '2T': [4.3359074640905213,
        2.0749617893052315,
        4.555666727197961,
        5.3092010293653802],
 '2F1F': [0.99177045463186475,
          3.3344615340103325,
          2.1441702948866386,
          2.4603764283165521],
 '2F1T': [4.0909522483111145,
          2.0714182784661888,
          5.4034187072431923,
          6.0856723571386766],
 '2T1F': [4.0000452017061194,
          3.7193341571216658,
          3.381322125034953,
          5.4492142181489802],
 '2T1T': [6.2597553541046853,
          0.077807529496169509,
          3.7389318319862217,
          6.2233264819972307]}





with every rads_list item filled by a unique placeholder variable string:

{'prior': ['#50', '#51', '#52', '#53'],
 '2F': ['#500', '#501', '#502', '#503'],
 '2T': ['#510', '#511', '#512', '#513'],
 '2F1F': ['#5000', '#5001', '#5002', '#5003'],
 '2F1T': ['#5010', '#5011', '#5012', '#5013'],
 '2T1F': ['#5100', '#5101', '#5102', '#5103'],
 '2T1T': ['#5110', '#5111', '#5112', '#5113']}





This is what gate_str_to_rads_list looks like in the num_qbits=3 case,
when the last U has only one parent (qbit 2) instead of two parents (
qbits 1 and 2):

{'prior': ['#50', '#51', '#52', '#53'],
 '2F': ['#500', '#501', '#502', '#503'],
 '2T': ['#510', '#511', '#512', '#513'],
 '2F1_': ['#5050', '#5051', '#5052', '#5053'],
 '2T1_': ['#5150', '#5151', '#5152', '#5153']}





Note that all placeholder strings begin with ‘#5’ to insure that once
the hash character is removed, the remaining number doesn’t start with
‘0’. Note that characters ‘_’ and ‘5’ represent bits whose values are
unspecified.


	Variables

	gate_str_to_rads_list (OrderedDict[str, list[float|str]]) – 






	
__init__(gate_str_to_rads_list, file_prefix, emb, **kwargs)

	Constructor

This constructor writes English and Picture files but it doesn’t
close those files after writing them. You must do that yourself
using close_files().


	Parameters

	
	gate_str_to_rads_list (dict[str, list[float|str]]) – 


	file_prefix (str) – file prefix for English and Picture files written by this class


	emb (CktEmbedder) – 


	kwargs (dict) – key-word arguments of SEO_writer













	
static get_all_var_nums(gate_str_to_rads_list)

	This method scans each rads_list of gate_str_to_rads_list for items
of the type ‘#x’ where x is an int. Every int x is added to a list
all_var_nums which is returned.


	Parameters

	gate_str_to_rads_list (OrderedDict[str, list[float|str]]) – 



	Returns

	



	Return type

	list[int]










	
static get_controls_from_gate_str(num_qbits, gate_str)

	This method returns an object of class Controls, constructed from
info in the input gate_str (a well formed key of
gate_str_to_rads_lis)


	Parameters

	
	num_qbits (int) – 


	gate_str (str) – 






	Returns

	



	Return type

	Controls










	
static get_gate_str_to_rads_list(num_qbits, fill_type, rads_const=None, u2_bit_to_higher_bits=None)

	This method returns a gate_str_to_rads_list constructed according to
the specs given by its arguments.

fill_type is a string in [‘const’, ‘rand’, ‘#int’] The 3 types of
fill_type have already been illustrated in the class docstring. If
the fill_type is ‘const’, then the method expects a float for
rads_const.

u2_bit_to_higher_bits is used to restrict the controls of each U.
For example, for num_qbits=3,

u2_bit_to_higher_bits = {0: [1, 2], 1: [2], 2: []}

specifies a fully connected qb net, whereas

u2_bit_to_higher_bits = {0: [2], 1: [2], 2: []}

means qubit 0 has qubit 2 but not 1 as parent.


	Parameters

	
	num_qbits (int) – 


	fill_type (str) – either ‘const’, ‘rand’ or ‘#int’


	rads_const (float | None) – 


	u2_bit_to_higher_bits (dict[int, list[int]]) – 






	Returns

	



	Return type

	OrderedDict[str, list[float]]










	
get_u2_pos(gate_str)

	Given a well formed gate_str (one of the keys of
gate_str_to_rads_list), this method returns the bit position of the
U(2) matrix.


	Parameters

	gate_str (str) – 



	Returns

	



	Return type

	int










	
static get_var_num_to_rads(gate_str_to_rads_list, fill_type, rads_const=None)

	This method returns a dict var_num_to_rads obtained as follows. The
rads lists in gate_str_to_rads_list are scanned for items of the
type ‘#x’ where x is an int. Then x is mapped to a float, either the
constant rads_const if fill_type is ‘const’, or a random number if
fill type is ‘rand’.


	Parameters

	
	gate_str_to_rads_list (OrderedDict[str, list[float|str]]) – 


	fill_type (str) – 


	rads_const (float | None) – 






	Returns

	



	Return type

	dict[int, float]










	
static make_array_from_gate_str_to_rads_list(gate_str_to_rads_list)

	This method returns a numpy array which is constructed from
gate_str_to_rads_list by vertically stacking (with np.vstack()) its
rads_lists


	Parameters

	gate_str_to_rads_list (dict[str, list[float|str]]) – 



	Returns

	



	Return type

	np.ndarray










	
write()

	This method writes English and Picture files for a Stairs Circuit.













          

      

      

    

  

    
      
          
            
  
qubiter.adv_applications.StairsDeriv module


	
class qubiter.adv_applications.StairsDeriv.StairsDeriv(deriv_gate_str, gate_str_to_rads_list, file_prefix, parent_num_qbits, hamil, **kwargs)

	Bases: qubiter.adv_applications.MeanHamil.MeanHamil

This abstract class is a child of abstract class MeanHamil. The main
purpose of its children classes is to override the method get_mean_val()
of its parent class MeanHamil. The override returns the partial
derivatives of a quantum cost function defined from a stairs circuit (an
object of of class StairsCkt.writer) and a hamil (an object of the
Openfermion class QubitOperator).


	Variables

	
	dpart_dict (dict[int, list[str]]) – 


	deriv_gate_str (str) – 


	gate_str_to_rads_list (dict[str, list[float|str]]) – 









	
__init__(deriv_gate_str, gate_str_to_rads_list, file_prefix, parent_num_qbits, hamil, **kwargs)

	Constructor


	Parameters

	
	deriv_gate_str (str) – 


	gate_str_to_rads_list (dict[str, list[float|str]]) – 


	file_prefix (str) – 


	parent_num_qbits (int) – 


	hamil (QubitOperator) – 


	kwargs (dict) – key-word arguments of MeanHamil













	
dpart_dict = {0: ['single'], 1: ['1', 's', '1s'], 2: ['1', 's', '1s'], 3: ['1', 's', '1s']}

	




	
get_mean_val(var_num_to_rads)

	Abstract method. The main goal of subclasses of this class is to
override this method.


	Parameters

	var_num_to_rads (dict[int, float]) – 

















          

      

      

    

  

    
      
          
            
  
qubiter.adv_applications.StairsDerivCkt_writer module


	
class qubiter.adv_applications.StairsDerivCkt_writer.StairsDerivCkt_writer(deriv_gate_str, has_neg_polarity, deriv_direc, dpart_name, gate_str_to_rads_list, file_prefix, emb, **kwargs)

	Bases: qubiter.SEO_writer.SEO_writer

This class is a subclass of SEO_writer. It writes several intermediary
stairs derivative circuits that will be used in class
StairsDeriv_native for calculating the gradients of a quantum cost
function (mean hamiltonian).

Suppose U = exp[i*(t_0 + t_1*sigx + t_2*sigy + t_3*sigz)], where sigx,
sigy, sigz are the Pauli matrices and t_r for r in range(4) are 4 real
parameters. To take the derivative wrt t_r of a given multi-controlled
gate U in a stairs circuit, we need to evaluate several circuits (we
call them dparts, which stands for derivative parts). Say, for instance,
that GATE= @---O---+---U. To calculate d/dt_r GATE(t_0, t_1, t_2, t_3),
for r=0,1, 2, 3, we need to calculate a new circuit wherein the GATE in
the parent circuit is replaced by:

sum_k  c_k  @---@---O---+---U_k





(which is said to have `has_neg_polarity`=False) and:

sum_k  c_k  @---@---O---+---U_k
            Z---@---O   |   |





(which is said to have `has_neg_polarity`=True)

Also, some extra stuff (a coda) must be appended to the end of the
parent stairs circuit.

Note that an extra “ancilla” qbit has been added (as the new last qubit)
to the parent stairs circuit being differentiated. So if the parent
stairs circuit has a number parent_num_qbits of qubits, then the one
written by this class has that many qubits plus one.

The index r which is in range(4) is called the derivative direction (
deriv_direc)

gate_str_to_rads_list is the same as for the parent stairs circuit.

deriv_gate_str is a well formed gate_str that specifies which U is
being differentiated

The index k is given as a string called dpart_name (“dpart” stands for
derivative part).

The coefficients c_k can be obtained via the method get_coef_of_dpart()

Each U_k is a U(2) matrix itself, and its 4 parameters are defined in
terms of the parameters tlist=[t_0, t_1, t_2, t_3] of the U(tlist) being
differentiated, via 4 functions of tlist. These functions can be
obtained via the method get_fun_name_to_fun().


	Variables

	
	deriv_direc (int) – in range(4)


	deriv_gate_str (str) – 


	dpart_name (str) – 


	gate_str_to_rads_list (dict[str, list[float]]) – 


	has_neg_polarity (bool) – 









	
__init__(deriv_gate_str, has_neg_polarity, deriv_direc, dpart_name, gate_str_to_rads_list, file_prefix, emb, **kwargs)

	Constructor

This constructor writes English and Picture files but it doesn’t
close those files after writing them. You must do that yourself
using close_files().


	Parameters

	
	deriv_gate_str (str) – 


	has_neg_polarity (bool) – 


	deriv_direc (int) – in range(4)


	dpart_name (str) – 


	gate_str_to_rads_list (dict[int, list[float]]) – 


	file_prefix (str) – 


	emb (CktEmbedder) – 


	kwargs (dict) – key-word arguments of SEO_writer













	
static float_t_list(t_list, var_num_to_rads)

	Internal method that checks whether t_list is of form list[str] or
list[float]. In first case, it uses var_num_to_rads to replace
t_list by a list[float].


	Parameters

	
	t_list (list[float|str]) – 


	var_num_to_rads (list[int, float]) – 






	Returns

	



	Return type

	list[float]










	
static get_coef_of_dpart(t_list, deriv_direc, dpart_name, var_num_to_rads=None)

	This method returns coefficient of dpart (derivative part), either
p1, ps or -p1*ps

var_num_to_rads is used if self wrote the English file with #int
string symbols for placeholder variables. var_num_to_rads is used to
float those strings.


	Parameters

	
	t_list (list[float | str]) – 


	deriv_direc (int) – int in range(4)


	dpart_name (str) – 


	var_num_to_rads (dict[int, float] | None) – 






	Returns

	



	Return type

	float










	
static get_fun_name_to_fun(t_list, deriv_direc, dpart_name)

	This method returns a dictionary fun_name_to_fun mapping the
function name to function, for all functions defined by this class.


	Parameters

	
	t_list (list[float | str]) – 


	deriv_direc (int) – 


	dpart_name (str) – 






	Returns

	



	Return type

	dict[str, function]










	
static get_rads_list_of_dpart(t_list, deriv_direc, dpart_name, var_num_to_rads=None)

	This method returns the rads list (list of 4 floats) for a given
given: 1. the rads list t_list of the U that is being
differentiated, 2. the dpart (derivative part), and 3. which of 4
directions deriv_direc the derivative is wrt.

var_num_to_rads is used if self wrote the English file with #int
string symbols for placeholder variables. var_num_to_rads is used to
float those strings.


	Parameters

	
	t_list (list[float | str]) – 


	deriv_direc (int) – int in range(4)


	dpart_name (str) – 


	var_num_to_rads (dict[int, float] | None) – 






	Returns

	



	Return type

	list[float]










	
get_u2_pos(gate_str)

	Given a well formed gate_str (one of the keys of
gate_str_to_rads_list), this method returns the bit position of the
U(2) matrix.

Class StairsCkt_writer has a method of same name but which returns a
different value for the same gate_str input. This is due to the fact
that the circuit generated by this class has an extra ancilla qubit
compared with its parent circuit.


	Parameters

	gate_str (str) – 



	Returns

	



	Return type

	int










	
write()

	This method writes English and Picture files for a quantum circuit
Der. Der is used in calculating the derivative of a parent stairs
circuit Pa with respect to one of 4 parameters for each of the
multi-controlled U’s of Pa.













          

      

      

    

  

    
      
          
            
  
qubiter.adv_applications.StairsDerivThrCkt_writer module


	
class qubiter.adv_applications.StairsDerivThrCkt_writer.StairsDerivThrCkt_writer(deriv_direc, dpart_name, gate_str_to_rads_list, file_prefix, emb, **kwargs)

	Bases: qubiter.SEO_writer.SEO_writer

(Stairs Derivative Threaded Circuit) This class is a subclass of
SEO_writer. It writes English and Picture files for several derivative
circuits used for calculating the gradients of a quantum cost function (
mean hamiltonian).

This class calls class StairsDerivCkt_writer many times. Each time,
a new sub-circuit is built that acts on fresh set of qubits not used
before. So this class builds many threads, i.e., independent
sub-circuits which can be evolved in parallel.

If you compare the constructor of this “threaded” writer class with that
of the “non-threaded” writer class StairsDerivCkt_writer, you will see
that the constructor of this class has two fewer arguments, namely
deriv_gate_str, has_neg_polarity. All other arguments are the same for
both classes. The reason for this is that all the possibilities for
those two arguments are included as (parallel, independent) subcircuits
of the giant quantum circuit created by this class.

Most attributes of this class are the same as those for
StairsDerivCkt_writer. One new attribute is
subckt_to_large_small_bit_pair.

subckts are labeled by a pair: (deriv_gate_str, has_neg_polarity).

subckt_to_large_small_bit_pair maps each subckt to its edge qubits.


	Variables

	
	deriv_direc (int) – 


	dpart_name (str) – 


	gate_str_to_rads_list (dict[int, list[float]]) – 


	parent_num_qbits (int) – 


	subckt_to_large_small_bit_pair (dict[(str, bool), tuple[int]]) – 









	
__init__(deriv_direc, dpart_name, gate_str_to_rads_list, file_prefix, emb, **kwargs)

	Constructor

This constructor writes English and Picture files but it doesn’t
close those files after writing them. You must do that yourself
using close_files().


	Parameters

	
	deriv_direc (int) – 


	dpart_name (str) – 


	gate_str_to_rads_list (dict[int, list[float]]) – 


	file_prefix (str) – 


	emb (CktEmbedder) – 


	kwargs (dict) – key-word arguments of SEO_writer













	
get_coef_of_dpart(subckt, deriv_direc, dpart_name, var_num_to_rads=None)

	This method returns a dict mapping each subckt (labeled by a pair: (
deriv_gate_str, has_neg_polarity)) to its coefficient of dpart (either
p1, ps or -p1*ps).

var_num_to_rads is used if self wrote the English file with #int
string symbols for placeholder variables. var_num_to_rads is used to
float those strings. This is necessary before analytical calculation
of the output of this method can proceed.


	Parameters

	
	subckt ((str, bool)) – 


	deriv_direc (int) – 


	dpart_name (str) – 


	var_num_to_rads (dict[int, float]) – 






	Returns

	



	Return type

	dict[(str, bool), float]










	
get_fun_name_to_fun(deriv_direc, dpart_name)

	This method returns a dictionary fun_name_to_fun mapping the
function name to function, for all functions defined by this class.
It combines the fun_name_to_fun of all the subckts.


	Parameters

	
	deriv_direc (int) – 


	dpart_name (str) – 






	Returns

	



	Return type

	dict[str, function]










	
get_tot_num_qbits()

	This is the self version of sta_get_tot_num_qbits().


	Returns

	



	Return type

	int










	
static sta_get_tot_num_qbits(parent_num_qbits, gate_str_to_rads_list)

	This static (sta) method returns the total number of qbits for the
quantum circuit generated by this class, i.e., it returns the sum of
the qbits used by each subcircuit.


	Parameters

	
	parent_num_qbits (int) – 


	gate_str_to_rads_list (dict[str, list[float]]) – 






	Returns

	



	Return type

	int










	
write()

	This method writes English and Picture files for a giant quantum
circuit which consists of many parallel, independent subcircuits,
each subcircuit acting on a distinct set of qbits. The subcircuits
are generated by calling StairsDerivCkt_writer for all the
possibilities of deriv_gate_str and has_neg_polarity













          

      

      

    

  

    
      
          
            
  
qubiter.adv_applications.StairsDeriv_native module


	
class qubiter.adv_applications.StairsDeriv_native.StairsDeriv_native(deriv_gate_str, gate_str_to_rads_list, file_prefix, parent_num_qbits, hamil, **kwargs)

	Bases: qubiter.adv_applications.StairsDeriv.StairsDeriv

This class is a child of StairsDeriv. Its main purpose is to override
the method get_mean_val() of its abstract parent class StairsDeriv. In
this class, the simulation necessary to evaluate the output of
get_mean_val() is done by native, Qubiter simulators.


	
__init__(deriv_gate_str, gate_str_to_rads_list, file_prefix, parent_num_qbits, hamil, **kwargs)

	Constructor


	Parameters

	
	deriv_gate_str (str) – 


	gate_str_to_rads_list (dict[str, list[float|str]]) – 


	file_prefix (str) – 


	parent_num_qbits (int) – 


	hamil (QubitOperator) – 


	kwargs (dict) – key-word arguments of MeanHamil













	
get_mean_val(var_num_to_rads)

	This method returns a list partials_list consisting of 4 floats
which are the partial derivatives wrt the 4 possible derivative
directions ( deriv_direc), of the multi-controlled gate U specified
by self.deriv_gate_str.


	Parameters

	var_num_to_rads (dict[int, float]) – 



	Returns

	



	Return type

	list[float]

















          

      

      

    

  

    
      
          
            
  
qubiter.adv_applications.StairsDeriv_rigetti module


	
class qubiter.adv_applications.StairsDeriv_rigetti.StairsDeriv_rigetti(qc, deriv_gate_str, gate_str_to_rads_list, file_prefix, parent_num_qbits, hamil, **kwargs)

	Bases: qubiter.adv_applications.StairsDeriv.StairsDeriv

This class is a child of StairsDeriv. Its main purpose is to override
the method get_mean_val() of its abstract parent class StairsDeriv. In
this class, the simulation necessary to evaluate the output of
get_mean_val() is done by Rigetti Pyquil simulators or their physical qc
device.


	Variables

	
	qc (QuantumComputer) – returned by PyQuil method get_qc()


	translation_line_list (list[str]) – a list of lines of PyQuil code generated by the translator. The
lines all start with “pg +=”.


	translator (Qubiter_to_RigettiPyQuil) – 









	
__init__(qc, deriv_gate_str, gate_str_to_rads_list, file_prefix, parent_num_qbits, hamil, **kwargs)

	Constructor


	Parameters

	
	qc (QuantumComputer) – 


	deriv_gate_str (str) – 


	gate_str_to_rads_list (dict[str, list[float|str]]) – 


	file_prefix (str) – 


	parent_num_qbits (int) – 


	hamil (QubitOperator) – 


	kwargs (dict) – key-word arguments of MeanHamil













	
get_mean_val(var_num_to_rads)

	This method returns a list partials_list consisting of 4 floats
which are the partial derivatives wrt the 4 possible derivative
directions ( deriv_direc), of the multi-controlled gate U specified
by self.deriv_gate_str.


	Parameters

	var_num_to_rads (dict[int, float]) – 



	Returns

	



	Return type

	list[float]

















          

      

      

    

  

    
      
          
            
  
qubiter.adv_applications.setup_autograd module

The purpose of this file is to install autograd and its dependencies and to
provide utility functions that are used when it is used in conjunction with
Qubiter.

When using autograd, one declares np to be the alias to module
numpy.autograd. If another file later declares np to be alias to numpy,
all sorts of error messages start cropping up. What I’ve done to avoid this
is to change the statements import numpy as np in some (not all, just the
ones called while using autograd) files by

import sys
if ‘autograd.numpy’ not in sys.modules:


import numpy as np





	else:

	import autograd.numpy as np





References


	https://github.com/HIPS/autograd/blob/master/docs/tutorial.md


	https://github.com/HIPS/autograd/blob/master/docs/updateguide.md





	
qubiter.adv_applications.setup_autograd.d_auto_pu2(dwrt, *tlist)

	Returns the automatic derivative of pu2. We have defined things so that
this derivative is stipulated analytically a priori rather than being
calculated by autograd from def of u2.


	Parameters

	
	dwrt (int) – stands for ‘derivative with respect to’. int in range(4)


	tlist (list[float]) – len = 4






	Returns

	shape=(2,2)



	Return type

	np.ndarray










	
qubiter.adv_applications.setup_autograd.d_auto_u2(dwrt, *tlist)

	Returns the automatic (computed by backprop) derivative of 2-dim matrix
UnitaryMat.u2_alt. UnitaryMat.u2_alt is an alternative to
OneQubitGate.u2. Both functions return same answer for identical input (
input is 4 real parameters in tlist).


	Parameters

	
	dwrt (int) – stands for ‘derivative with respect to’. int in range(4)


	tlist (list[float]) – len = 4






	Returns

	shape=(2,2)



	Return type

	np.ndarray










	
qubiter.adv_applications.setup_autograd.d_u2(dwrt, *tlist)

	tlist is a list of 4 floats, and dwrt (which stands for “derivative with
respect to”) is in range(4). This method returns the analytical (not
numerical, in terms of closed functions) derivative of u2(*tlist) with
respect to tlist[dwrt].

The output of this method has been verified by comparing it to same
derivatives calculated numerically with autograd.


	Parameters

	
	dwrt (int) – 


	tlist (list[float]) – 






	Returns

	shape = (2, 2)



	Return type

	np.ndarray










	
qubiter.adv_applications.setup_autograd.pu2(*tlist)

	Returns primitive u2 as (primitive real part of u2) + j*(primtive
imaginary part of u2).


	Parameters

	tlist (list[float]) – len = 4



	Returns

	shape=(2,2)



	Return type

	np.ndarray










	
qubiter.adv_applications.setup_autograd.pu2i(*tlist)

	Returns imaginary part of u2, and registers it as being primitive.

Primitive means that its derivative will be provided in a defvjp (
def of vector-jacobian-product) so no need for autograd to calculate it
from the u2 definition.


	Parameters

	tlist (list[float]) – len = 4



	Returns

	shape=(2,2)



	Return type

	np.ndarray










	
qubiter.adv_applications.setup_autograd.pu2r(*tlist)

	Returns real part of u2, and registers it as being primitive.

Primitive means that its derivative will be provided in a defvjp (
def of vector-jacobian-product) so no need for autograd to calculate it
from the u2 definition.


	Parameters

	tlist (list[float]) – len = 4



	Returns

	shape=(2,2)



	Return type

	np.ndarray










	
qubiter.adv_applications.setup_autograd.sig_all()

	This method returns a numpy array of shape=(2, 3, 3) which contains the
3 Pauli matrices in it. sigx = sig_all[:, :, 0], sigy = sig_all[:, :,
1], sigz = sig_all[:, :, 2],


	Returns

	shape = (2, 2, 3)



	Return type

	np.ndarray










	
qubiter.adv_applications.setup_autograd.u2_alt(*tlist)

	An alternative to OneQubitGate.u2(). Both should return identical 2-dim
matrices for identical arguments.


	Parameters

	tlist (list[float]) – tlist = [rads0, rads1, rads2, rads3]



	Returns

	shape = (2, 2)



	Return type

	np.ndarray













          

      

      

    

  

    
      
          
            
  
qubiter.adv_applications package


Submodules



	qubiter.adv_applications.CostMinimizer module

	qubiter.adv_applications.MeanHamil module

	qubiter.adv_applications.MeanHamilMinimizer module

	qubiter.adv_applications.MeanHamil_native module

	qubiter.adv_applications.MeanHamil_rigetti module

	qubiter.adv_applications.PhaseEstSEO_writer module

	qubiter.adv_applications.StairsAllDeriv_native module

	qubiter.adv_applications.StairsAllDeriv_rigetti module

	qubiter.adv_applications.StairsCkt_writer module

	qubiter.adv_applications.StairsDeriv module

	qubiter.adv_applications.StairsDerivCkt_writer module

	qubiter.adv_applications.StairsDerivThrCkt_writer module

	qubiter.adv_applications.StairsDeriv_native module

	qubiter.adv_applications.StairsDeriv_rigetti module

	qubiter.adv_applications.setup_autograd module








Module contents







          

      

      

    

  

    
      
          
            
  
qubiter.classgraph module





          

      

      

    

  

    
      
          
            
  
qubiter.device_specific.ChipCouplingsFitter module


	
class qubiter.device_specific.ChipCouplingsFitter.ChipCouplingsFitter(file_prefix, num_qbits, c_to_tars, verbose=False)

	Bases: object

Recall that an undirected graph G is defined as a pair of sets (V, E),
where V is a set of vertices, and E, the edges, is a set of tuples (c,
t), where c and t are in V. For undirected graphs, the order of c and t
is ignored.

This class reads an English file in order to build a list of the CNots
used in the file. The CNots in the list are specified as (c, t) tuples.
Then the class builds an undirected graph, call it GE=(V_GE, E_GE) for
Graph_English, from that CNots list. Then the class builds another
graph, call it GP=(V_GP, E_GP) for Graph_Physical, from the c_to_tars
describing the couplings of a particular chip. Then the class uses the
python networkx function for finding “graph isomorphisms” between
undirected graphs. The class attempts to find a map phi() from the
vertices of GE to the vertices of GP, so that phi(x_GE) is a subset of
x_GP with x=V, E. If the search for phi() succeeds, then phi induces a
permutation map, call it bit_map: range(num_qbits)->range(num_qbits),
bit_ge->bit_gp, of the qubits of the circuit from which GE was
assembled. Under this permutation, the CNots of the permuted circuit are
all allowed** by the chip constraint c_to_tars. In that sense, the map
bit_map() is a “fit” to the chip couplings.

**except, some CNots may have to be reversed (control and target
swapped) using Hadamards. These reversals can be performed with the
class ForbiddenCNotExpander.


	Variables

	bit_map (list[int]) – bit_map[bit_ge] = bit_gp defines a map from the bits bit_ge
of the graph GE to the bits bit_gp of the graph GP.






	
__init__(file_prefix, num_qbits, c_to_tars, verbose=False)

	Constructor


	Parameters

	
	file_prefix (str) – file prefix of English file which is to be read to assemble
a list of CNots used in the file.


	num_qbits (int) – Number of qubits used in English file with file prefix
file_prefix. IMP: We assume that c_to_tars refers to a chip with
num_qbits too. Both the English file and the chip must have the
same number of qubits. This is no loss of generality. As long as
the English file doesn’t mention qubit positions >= num_qbits,
all you have to do to conform is to change the name of the
English file so that it claims to pertain to num_qbits qubits.


	c_to_tars (dict[int, list[int]]) – a dictionary mapping j in range(num_qbits) to a list, possibly
empty, of the physically allowed targets of qubit j, when j is
the control of a CNOT.


	verbose (bool) – 













	
static draw_phys_and_eng_graphs(file_prefix, num_qbits, c_to_tars)

	Draws the Physical and English undirected graphs. This is useful in
case you want to try to use human pattern recognition to embed the
English graph inside the Physical graph.


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 


	c_to_tars (dict[int, list[int]]) – 






	Returns

	



	Return type

	None










	
static get_bit_map_from_c_to_tars(num_qbits, old_cnots, c_to_tars, verbose=False)

	This function has as inputs old_cnot describing the CNots in an
English file for a circuit with num_qbits qubits and c_to_tars
describing the couplings of a chip with num_qbits qubits. The
function returns a list bit_map of num_bit many ints that
describes a permutation map mapping range(num_qbits)->range(
num_qbits), bit_ge->bit_gp. Under this permutation, the CNots of the
circuit described by the input English file are mapped into new
CNots which are all allowed** by the chip couplings constraint
c_to_tars.

** except their targets and controls may have to be reversed.


	Parameters

	
	num_qbits (int) – 


	old_cnots (tuple[tuple[int, int]]) – 


	c_to_tars (dict[int, list[int]]) – 


	verbose (bool) – 






	Returns

	



	Return type

	list[int]










	
static get_cnots_in_file(file_prefix, num_qbits, verbose=False)

	This function reads an English file with file prefix file_prefix
pertaining to a circuit with num_bit many qubits. It returns a tuple
of the CNots mentioned in the English file. The CNots are specified
as tuples (c, t), where c is the control bit position and t is the
target bit position.


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 


	verbose (bool) – 






	Returns

	



	Return type

	tuple[tuple[int, int]]

















          

      

      

    

  

    
      
          
            
  
qubiter.device_specific.ForbiddenCNotExpander module


	
class qubiter.device_specific.ForbiddenCNotExpander.ForbiddenCNotExpander(file_prefix, num_qbits, c_to_tars)

	Bases: qubiter.EchoingSEO_reader.EchoingSEO_reader

Most chips are not fully connected (not all pairs of qubits are
physically connected). Furthermore, even if two qubits are connected,
one of them may be disallowed, forbidden, as a target of a CNOT between
the 2 qubits. This class is designed to circumvent this chip limitation.

This class is a child of the class EchoingSEO_reader. It is one of
several expander classes that replace certain single gates by expansions
(sequences) of other gates.

The class reads an English file and outputs a new English file and
corresponding Picture file. The new English file echoes every line of
the original English file except for those lines which are SIGX with one
or more controls.

If this class reads a line which is a SIGX with > 1 controls, it outputs
an error message. In such a case, you should use the class CGateExpander
first to expand such gates into single qubit rotations and simple CNOTs
with a single control.

If this class reads a line which is a SIGX with a single control,
it echoes it if such a CNOT is allowed according to the input list
‘c_to_tars’. Otherwise, it replaces the disallowed (a.k.a., forbidden,
unphysical, between disconnected qubits) CNOT by a sequence of Hadamards
and allowed, elementary CNOTs.

Next we explain the expansion used by this class to replace forbidden
CNOTs.

Let us denote a CNot with control a and target b by C(a->b)=C(a, b)

Note that if C(a, b) is forbidden but C(b, a) is allowed, we can express
the forbidden one in terms of the allowed one and four Hadamard matrices
using the identity (X is the target SIGX and @ is the True control):

X---@





equals:

H   H
@---X
H   H





Note that:

X---+---@





equals:

X---@   |
|   X---@
X---@   |
|   X---@





equals:

|   X---@
X---@   |
|   X---@
X---@   |





One can generalize the previous identity as follows:

X---+---+---@





equals:

X---+---@   |
|   |   X---@
X---+---@   |
|   |   X---@





equals:

|   X---@   |
X---@   |   |
|   X---@   |
X---@   |   |
|   |   X---@
X---@   |   |
|   X---@   |
X---@   |   |
|   X---@   |
|   |   X---@





equals (cancel two internal CNots):

|   X---@   |
X---@   |   |
|   X---@   |
|   |   X---@
|   X---@   |
X---@   |   |
|   X---@   |
|   |   X---@





One can generalize the previous identity as follows:

X---+---+---+---@





equals:

|   |   X---@   |
|   X---@   |   |
X---@   |   |   |
|   X---@   |   |
|   |   X---@   |
|   |   |   X---@
|   |   X---@   |
|   X---@   |   |
X---@   |   |   |
|   X---@   |   |
|   |   X---@   |
|   |   |   X---@





In general, let’s define a composite V gate (called V because it looks
like a V lying on its side) as follows:

V(0->4) =
|   |   |   X---@
|   |   X---@   |
|   X---@   |   |
X---@   |   |   |
|   X---@   |   |
|   |   X---@   |
|   |   |   X---@





Above, 0, 1, 2, 3, 4 can be replaced by any other distinct qubits. Also,
on can define an analogous V for any number >= 2 of qubits.

If:

C(0->4)=
X---+---+---+---@





then we proved above that:

C(0->4)= V(0->4)V(1->4)





In fact, we also proved:

C(0->j)= V(0->j)V(1->j) for j = 2, 3, 4, ...





We like to refer to the last equation as the vv expansion of C(0->j). In
this class, we expand a forbidden CNot C(trol->targ) using the last
equation with the qubit positions 0, 1, 2, …, j in the last equation
mapped in a 1-1 onto fashion to qubit positions along a path of qubits
connecting the two qubits trol and targ. The path is found by calling
the python networkx function that yields the shortest path between two
nodes of an undirected graph G. We let G be the undirected graph that
has as edges all pairs of qubits that are coupled according to the input
c_to_tars.


	Variables

	
	c_to_tars (dict[int, list[int]]) – a dictionary mapping j in range(num_qbits) to a list, possibly empty,
of the physically allowed targets of qubit j, when j is the control
of a CNOT.


	graph (networkx.Graph) – A networkx undirected graph derived from c_to_tars by taking all
items in get_dir_edges_from_c_to_tars(c_to_tars) as edges.









	
__init__(file_prefix, num_qbits, c_to_tars)

	Constructor


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 


	c_to_tars (dict[int, list[int]]) – 













	
edge_type(x, y)

	Returns 0 if C(x->y) and C(y->x) are both allowed.

Returns 1 if C(x->y) but not C(y->x) are allowed.

Returns -1 if C(y->x) but not C(x->y) are allowed.

Returns error message if neither is allowed.


	Parameters

	
	x (int) – 


	y (int) – 






	Returns

	



	Return type

	int










	
get_symbolic_vv_expansion(trol_pos, targ_pos)

	This function returns a list called expansion. The items in
expansion can be either a tuple (int, int) or a tuple (int,
bool). A tuple (c, t): (int, int) signifies a CNot with control c
and target t.  A tuple (k, keep): (int, bool) signifies a Hadamard
matrix at qubit k and whether to keep it or not–not if it cancels
another Hadamard. This symbolic expansion is supposed to replace a
CNot trol_pos->targ_pos.


	Parameters

	
	trol_pos (int) – 


	targ_pos (int) – 






	Returns

	



	Return type

	list[tuple(int, int)|tuple(int, bool)]










	
use_SIG(axis, tar_bit_pos, controls)

	This function overrides echoing function in parent class
EchoingSEO_reader.


	Parameters

	
	axis (int) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.device_specific.QbitPlanarLattice module


	
class qubiter.device_specific.QbitPlanarLattice.QbitPlanarLattice(ascii_pic)

	Bases: object

This class translates between int and int pair coordinates for qubits on
a  planar lattice. From a rectangular ascii picture of the planar chip (
for instance, device_specific.chip_couplings_google._BRISTLECONE_GRID),
the class finds neighbors of each qubit. Two qubits are neighbors iff
they are adjacent and have the same column or row. Two qubits are
neighbors also iff a CNOT is physically allowed with either one of the
qubits as target and the other as control.


	Variables

	
	num_qbits (int) – 


	qbit_2d_coords (list[tuple[int, int]]) – List of 2d coords for each qubit








References


	cirq/google/xmon_device.py


	cirq/devices/grid_qubit.py


	cirq/google/known_devices.py





	
__init__(ascii_pic)

	Constructor


	Parameters

	ascii_pic (str) – rectangular ascii picture of planar chip. For instance,
device_specific.chip_couplings_google._BRISTLECONE_GRID










	
are_neighbors(ind1, ind2)

	Returns True iff qubits with int coords ind1 and ind2 are neighbors.


	Parameters

	
	ind1 (int) – 


	ind2 (int) – 






	Returns

	



	Return type

	bool










	
get_c_to_tars()

	Returns a dictionary mapping each qubit j to a list of all
physically allowed target qubits, assuming j is a control of a CNOT.
All qubits are specified by their int coords.


	Returns

	



	Return type

	dict[int, list[int]]










	
is_empty(pair)

	True iff pair=(row, col)  position on grid has no qubit.


	Parameters

	pair (tuple[int, int]) – 



	Returns

	



	Return type

	bool










	
neighbors_of(ind)

	Returns list of ints that are int coords of qubits that are
neighbors of qubit with int coord ind.


	Parameters

	ind (int) – 



	Returns

	



	Return type

	list[int]










	
one2two(index)

	Translates from int coord to int pair coords.


	Parameters

	index (int) – 



	Returns

	



	Return type

	tuple[int, int]










	
two2one(pair)

	Translates from int pair coords to int coord.


	Parameters

	pair (tuple[int, int]) – 



	Returns

	



	Return type

	int

















          

      

      

    

  

    
      
          
            
  
qubiter.device_specific.Qubiter_to_AnyQasm module


	
class qubiter.device_specific.Qubiter_to_AnyQasm.Qubiter_to_AnyQasm(file_prefix, num_qbits, aqasm_name='', strict_mode=False, c_to_tars=None, write_qubiter_files=False, vars_manager=None, aqasm_ftype='txt', prelude_str=None, ending_str=None, **kwargs)

	Bases: qubiter.SEO_reader.SEO_reader

This abstract class is a child of SEO_reader. It reads an input English
file and writes an AnyQasm file that is a translation of the input
English file into the AnyQasm language. If the flag write_qubiter_files
is set to True, this class will also write new English and Picture files
that are in 1-1 onto line correspondence with the output AnyQasm file.

Footnote: Some AnyQasm’s distinguish between quantum registers qreg and
classical registers creg. Qubiter does not use cregs because it uses the
classical memory of your Linux PC instead. AnyQasm has an intricate set
of commands for measurements. Qubiter has a complete set of measurement
commands too (see MEAS in Rosetta stone). The AnyQasm and Qubiter
measurement commands can obviously be translated into each other. We
leave that part of the translation to a future version of this class.

This class can run in either a strict or a non-strict mode depending on
the flag strict_mode, which equals False in default mode. In the
strict mode, the set of gates allowed is constrained to a small but
universal set that is specified below, and that is allowed in any target
qasm. In the non-strict mode, more gates are allowed that depend on
specific target qasm. In the strict mode, the program will end if you
try to use gates that are not allowed. In the non-strict mode,
the program will end if you try to use gates for a target language that
have not been implemented yet in the Qubiter class targeting that
language, often because the target language doesn’t support those gates.

Will refer to target qasm as AnyQasm or aqasm

Next we give a description of the strict_mode:

In the strict mode, the input English file that is read can only have
lines of the following types or else the program will abort with an
error message:

1. single qubit rotations (HAD2, SIGX, SIGY, SIGZ, ROTX, ROTY,
ROTZ or ROTN with no controls)

2. simple CNOTs (SIGX with a single True control). Call them c->t=(
c, t) if c is the control and t the target. (c, t) must be allowed
by ‘c_to_tars’.


	NOTA or PRINT lines. PRINT lines are commented out.




If you have an English file that contains lines that are more
complicated than this (because, for example, they contain rotations with
one or more controls attached, or because a CNOT is not allowed
according to ‘c_to_tars’), you can use the expander classes
CGateExpander, DiagUnitaryExpander, MultiplexorExpander,
and ForbiddenCNotExpander to expand the circuit to an equivalent albeit
longer circuit that satisfies constraints 1, 2, 3.

This class can handle a chip with any number of qubits.

This class halts execution if it encounters a CNOT that is disallowed
according to the input ‘c_to_tars’. ‘c_to_tars’ varies with chip. Some
‘c_to_tars’s are listed in the files ‘chip_couplings_…’ found in same
folder as this file. If c_to_tars = None, the class assumes any CNOT is
possible.


	Variables

	
	all_fun_names (list[str]) – a list of all the distinct function names encountered in circuit


	all_var_nums (list[int]) – a list of all distinct numbers of the variables encountered in circuit


	aqasm_name (str) – the name of the aqasm language, for example, IBMqasm. Used as ending
of file name, between ‘_’ and ‘.txt’


	aqasm_path (str) – path to aqasm file


	aqasm_out (_io.TextIOWrapper) – This output stream is used to write an aqasm file based on the input
English file.


	c_to_tars (dict[int, list[int]]) – a dictionary mapping j in range(num_qbits) to a list, possibly empty,
of the physically allowed targets of qubit j, when j is the control
of a CNOT. If c_to_tars = None, the class assumes any CNOT is
possible.


	file_prefix (str) – 


	num_qbits (int) – 


	qbtr_wr (SEO_writer) – A SEO_writer object created iff write_qubiter_files is True.


	strict_mode (bool) – 


	vprefix (str) – all variables in aqasm file will be called vprefix + an int


	write_qubiter_files (bool) – The class always writes an AnyQasm text file based on the input
English file that is read. Iff this is True, the class also writes
English and Picture files in 1-1 line correspondence with the output
AnyQasm file









	
__init__(file_prefix, num_qbits, aqasm_name='', strict_mode=False, c_to_tars=None, write_qubiter_files=False, vars_manager=None, aqasm_ftype='txt', prelude_str=None, ending_str=None, **kwargs)

	Constructor


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 


	aqasm_name (str) – 


	strict_mode (bool) – 


	c_to_tars (dict[int, list[int]]|None) – 


	write_qubiter_files (bool) – 


	vars_manager (PlaceholderManager) – 


	aqasm_ftype (str) – file type of output aqasm file. If this equals ‘txt’, name of
aqasm file will end in ‘.txt’


	prelude_str (str | None) – string to write as prelude to aqasm file. If None, then the
override method of self.write_prelude() is called


	ending_str (str | None) – string to write as ending to aqasm file. If None, then the
override method of self.write_ending() is called













	
new_var_name(var_name, coda='', strict=False)

	Starts by asserting that var_name is a legal variable name.

If var_name is not functional, this method replaces # in var_name by
self.vprefix and adds coda to end of string.  For example,
if self.vprefix=’rads’ and var_name=’-#2*.5”, then output is
‘-rads2*.5’ + coda

If var_name is functional, this method replaces each # in var_name
by self.vprefix, adds commas and parenthesis, and adds coda to end
of string. For example, if self.vprefix=’rads’ and
var_name=’-fun#1#2’, then output is ‘-fun(rads1, rads2)’ + coda

The above applies only if strict=False. In the strict mode, only an
empty coda is allowed for functional placeholders. For
non-functional placeholders, if var_name contains an *, then the str
after the * and the coda are merged using eval().


	Parameters

	
	var_name (str) – 


	coda (str) – 


	strict (bool) – 






	Returns

	



	Return type

	str










	
print_aqasm_file()

	Prints aqasm file created by constructor.






	
write(s)

	Writes string s to aqasm and qubiter out files.


	Parameters

	s (str) – 



	Returns

	



	Return type

	None










	
write_ending()

	Abstract function, writes AnyQasm’s ending statements after calls to
use_ methods for gates.


	Returns

	



	Return type

	None










	
write_prelude()

	Abstract function, writes AnyQasm’s opening statements before calls
to use_ methods for gates.


	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.device_specific.Qubiter_to_GoogleCirq module


	
class qubiter.device_specific.Qubiter_to_GoogleCirq.Qubiter_to_GoogleCirq(file_prefix, num_qbits, **kwargs)

	Bases: qubiter.device_specific.Qubiter_to_AnyQasm.Qubiter_to_AnyQasm

See docstring of parent class Qubiter_to_AnyQasm.

If input c_to_tars = None, all CNOTs allowed. If c_to_tars = ‘do_fill’,
class fills c_to_tars.

References


	https://github.com/quantumlib/Cirq





	Variables

	lattice (QbitPlanarLattice) – 






	
__init__(file_prefix, num_qbits, **kwargs)

	Constructor






	
bit2str(bit_pos)

	Returns a string of form ‘GridQubit(‘ … ‘)’


	Parameters

	bit_pos (int) – 



	Returns

	



	Return type

	str










	
use_HAD2(tar_bit_pos, controls)

	Writes line in Cirq file corresponding to an English file line of
type: HAD2 with no controls.


	Parameters

	
	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_NOTA(bla_str)

	Writes line in Cirq file corresponding to an English file line of
type: NOTA


	Parameters

	bla_str (str) – 



	Returns

	



	Return type

	None










	
use_PHAS(angle_rads, tar_bit_pos, controls)

	If called for a controlled phase, this function will halt execution
of program. If it’s just a global phase with no controls,
the function will comment the phase out in the output files (Cirq
and output Qubiter English and Picture files.) and move on to the
next line.


	Parameters

	
	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_PRINT(style, line_num)

	Writes line in Cirq file corresponding to an English file line of
type: PRINT


	Parameters

	
	style (str) – 


	line_num (int) – 






	Returns

	



	Return type

	None










	
use_P_PH(projection_bit, angle_rads, tar_bit_pos, controls)

	Writes line in Cirq file corresponding to an English file line of
type: P0PH or P1PH with 0 or 1 controls.


	Parameters

	
	projection_bit (int) – 


	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_ROTA(axis, angle_rads, tar_bit_pos, controls)

	Writes line in Cirq file corresponding to an English file line of
type: ROTX, ROTY or ROTZ with no controls.


	Parameters

	
	axis (int) – 


	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_ROTN(angle_x_rads, angle_y_rads, angle_z_rads, tar_bit_pos, controls)

	Writes line in Cirq file corresponding to an English file line of
type: ROTN with no controls.


	Parameters

	
	angle_x_rads (float) – 


	angle_y_rads (float) – 


	angle_z_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SIG(axis, tar_bit_pos, controls)

	Writes line in Cirq file corresponding to an English file line of
type: SIGX, SIGY or SIGZ with no controls, or else SIGX with one
True control (i.e., simple CNOT).


	Parameters

	
	axis (int) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SWAP(bit1, bit2, controls)

	Writes line in Cirq file corresponding to an English file line of
type: SWAP with no controls.


	Parameters

	
	bit1 (int) – 


	bit2 (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
write_ending()

	Writes Cirq ending statements after calls to use_ methods for gates.


	Returns

	



	Return type

	None










	
write_prelude()

	Writes Cirq opening statements before calls to use_ methods for gates.


	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.device_specific.Qubiter_to_IBMqasm module


	
class qubiter.device_specific.Qubiter_to_IBMqasm.Qubiter_to_IBMqasm(file_prefix, num_qbits, **kwargs)

	Bases: qubiter.device_specific.Qubiter_to_AnyQasm.Qubiter_to_AnyQasm

See docstring of parent class Qubiter_to_AnyQasm.

If input c_to_tars = None, all CNOTs allowed.

References


	https://github.com/Qiskit





	
__init__(file_prefix, num_qbits, **kwargs)

	Constructor






	
static qasm_line_for_rot(arr, tar_bit_pos)

	This function returns a string for an IBM qasm file line for a one
qubit rotation.


	Parameters

	
	arr (np.array) – the matrix of the rotation


	tar_bit_pos (int) – target bit position at which rotation occurs.






	Returns

	



	Return type

	str










	
use_HAD2(tar_bit_pos, controls)

	Writes line in IBM qasm file corresponding to an English file line
of type: HAD2 with no controls.


	Parameters

	
	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_NOTA(bla_str)

	Writes line in IBM qasm file corresponding to an English file line
of type: NOTA


	Parameters

	bla_str (str) – 



	Returns

	



	Return type

	None










	
use_PHAS(angle_rads, tar_bit_pos, controls)

	If called for a controlled phase, this function will halt execution
of program. If it’s just a global phase with no controls,
the function will comment the phase out in the output files (IBM
qasm and output Qubiter English and Picture files.) and move on to
the next line.


	Parameters

	
	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_PRINT(style, line_num)

	Writes line in IBM qasm file corresponding to an English file line
of type: PRINT


	Parameters

	
	style (str) – 


	line_num (int) – 






	Returns

	



	Return type

	None










	
use_P_PH(projection_bit, angle_rads, tar_bit_pos, controls)

	Writes line in IBM qasm file corresponding to an English file line
of type: P0PH or P1PH with 0 or 1 controls.


	Parameters

	
	projection_bit (int) – 


	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_ROTA(axis, angle_rads, tar_bit_pos, controls)

	Writes line in IBM qasm file corresponding to an English file line
of type: ROTX, ROTY or ROTZ with no controls.


	Parameters

	
	axis (int) – 


	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_ROTN(angle_x_rads, angle_y_rads, angle_z_rads, tar_bit_pos, controls)

	Writes line in IBM qasm file corresponding to an English file line
of type: ROTN with no controls.


	Parameters

	
	angle_x_rads (float) – 


	angle_y_rads (float) – 


	angle_z_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SIG(axis, tar_bit_pos, controls)

	Writes line in IBM qasm file corresponding to an English file line
of type: SIGX, SIGY or SIGZ with no controls, or else SIGX with one
True control (i.e., simple CNOT).


	Parameters

	
	axis (int) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SWAP(bit1, bit2, controls)

	Writes line in IBM qasm file corresponding to an English file line
of type: SWAP with no controls.


	Parameters

	
	bit1 (int) – 


	bit2 (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
write_ending()

	Writes IBM qasm ending statements after calls to use_ methods for
gates.


	Returns

	



	Return type

	None










	
write_prelude()

	Writes IBM qasm opening statements before calls to use_ methods for
gates.


	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.device_specific.Qubiter_to_PennyLane module


	
class qubiter.device_specific.Qubiter_to_PennyLane.Qubiter_to_PennyLane(file_prefix, num_qbits, qnode_name='qnode', fun_defs_path=None, **kwargs)

	Bases: qubiter.device_specific.Qubiter_to_AnyQasm.Qubiter_to_AnyQasm

See docstring of parent class Qubiter_to_AnyQasm.

If input c_to_tars = None, all CNOTs and CZs are allowed.

References


	https://github.com/XanaduAI/pennylane





	Variables

	
	fun_defs_path (str) – path to a py file that defines all the distinct functions used in
functional placeholders in the English file being translated to
PennyLane.


	indentation (int) – internal int that keeps track of indentation. Starts at 0


	qnode_name (str) – name to be given to qnode in output PennyLane file. The whole
English File will be in the body of a SINGLE qnode.


	rotn_has_been_defined (bool) – If the English file uses ROTN with placeholder variables,
then the first time, and only the 1st time, that ROTN is used,
the function rot() defining ROTN as an array is included in the body
of the qnode. This internal boolean flag helps to insure that the
def of rot( ) is included only once in the body of the qnode.









	
__init__(file_prefix, num_qbits, qnode_name='qnode', fun_defs_path=None, **kwargs)

	Constructor


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 


	qnode_name (str) – 


	fun_defs_path (str) – 


	rotn_has_been_defined (bool) – 













	
use_HAD2(tar_bit_pos, controls)

	Writes line in PennyL file corresponding to an English file line
of type: HAD2 with no controls.


	Parameters

	
	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_NOTA(bla_str)

	Writes line in PennyL file corresponding to an English file line of
type: NOTA


	Parameters

	bla_str (str) – 



	Returns

	



	Return type

	None










	
use_PHAS(angle_rads, tar_bit_pos, controls)

	If called for a controlled phase, this function will halt execution
of program. If it’s just a global phase with no controls,
the function will comment the phase out in the output files (PennyL
and output Qubiter English and Picture files.) and move on to the
next line.


	Parameters

	
	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_PRINT(style, line_num)

	Writes line in PennyL file corresponding to an English file line
of type: PRINT


	Parameters

	
	style (str) – 


	line_num (int) – 






	Returns

	



	Return type

	None










	
use_P_PH(projection_bit, angle_rads, tar_bit_pos, controls)

	Writes line in PennyL file corresponding to an English file line of
type: P1PH with 0 controls.


	Parameters

	
	projection_bit (int) – 


	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_ROTA(axis, angle_rads, tar_bit_pos, controls)

	Writes line in PennyL file corresponding to an English file line
of type: ROTX, ROTY or ROTZ with no controls.


	Parameters

	
	axis (int) – 


	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_ROTN(angle_x_rads, angle_y_rads, angle_z_rads, tar_bit_pos, controls)

	Writes line in PennyL file corresponding to an English file line
of type: ROTN with no controls.


	Parameters

	
	angle_x_rads (float) – 


	angle_y_rads (float) – 


	angle_z_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SIG(axis, tar_bit_pos, controls)

	Writes line in PennyL file corresponding to an English file line of
type: SIGX, SIGY or SIGZ with no controls, or else SIGX with one
True control (i.e., simple CNOT), or else SIGZ with one True control.


	Parameters

	
	axis (int) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SWAP(bit1, bit2, controls)

	Writes line in PennyL file corresponding to an English file line
of type: SWAP with no controls.


	Parameters

	
	bit1 (int) – 


	bit2 (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
write_ending()

	Writes PennyL ending statements after calls to use_ methods for gates.


	Returns

	



	Return type

	None










	
write_prelude()

	Writes PennyL opening statements before calls to use_ methods for
gates.


	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.device_specific.Qubiter_to_RigettiPyQuil module


	
class qubiter.device_specific.Qubiter_to_RigettiPyQuil.Qubiter_to_RigettiPyQuil(file_prefix, num_qbits, **kwargs)

	Bases: qubiter.device_specific.Qubiter_to_AnyQasm.Qubiter_to_AnyQasm

See docstring of parent class Qubiter_to_AnyQasm.

If input c_to_tars = None, all CNOTs allowed.

References


	https://github.com/rigetticomputing/pyquil





	
__init__(file_prefix, num_qbits, **kwargs)

	Constructor


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 













	
use_HAD2(tar_bit_pos, controls)

	Writes line in PyQuil file corresponding to an English file line
of type: HAD2 with no controls.


	Parameters

	
	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_NOTA(bla_str)

	Writes line in PyQuil file corresponding to an English file line
of type: NOTA


	Parameters

	bla_str (str) – 



	Returns

	



	Return type

	None










	
use_PHAS(angle_rads, tar_bit_pos, controls)

	If called for a controlled phase, this function will halt execution
of program. If it’s just a global phase with no controls,
the function will comment the phase out in the output files (PyQuil
and output Qubiter English and Picture files.) and move on to the
next line.


	Parameters

	
	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_PRINT(style, line_num)

	Writes line in PyQuil file corresponding to an English file line
of type: PRINT


	Parameters

	
	style (str) – 


	line_num (int) – 






	Returns

	



	Return type

	None










	
use_P_PH(projection_bit, angle_rads, tar_bit_pos, controls)

	Writes line in PyQuil file corresponding to an English file line of
type: P0PH or P1PH with 0 or 1 controls.


	Parameters

	
	projection_bit (int) – 


	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_ROTA(axis, angle_rads, tar_bit_pos, controls)

	Writes line in PyQuil file corresponding to an English file line
of type: ROTX, ROTY or ROTZ with no controls.


	Parameters

	
	axis (int) – 


	angle_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_ROTN(angle_x_rads, angle_y_rads, angle_z_rads, tar_bit_pos, controls)

	Writes line in PyQuil file corresponding to an English file line
of type: ROTN with no controls.


	Parameters

	
	angle_x_rads (float) – 


	angle_y_rads (float) – 


	angle_z_rads (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SIG(axis, tar_bit_pos, controls)

	Writes line in PyQuil file corresponding to an English file line
of type: SIGX, SIGY or SIGZ with no controls, or else SIGX with one
True control (i.e., simple CNOT).


	Parameters

	
	axis (int) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_SWAP(bit1, bit2, controls)

	Writes line in PyQuil file corresponding to an English file line
of type: SWAP with no controls.


	Parameters

	
	bit1 (int) – 


	bit2 (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
use_U_2_(rads0, rads1, rads2, rads3, tar_bit_pos, controls)

	Writes line in PyQuil file corresponding to an English file line
of type: U_2_ with no controls.


	Parameters

	
	rads0 (float) – 


	rads1 (float) – 


	rads2 (float) – 


	rads3 (float) – 


	tar_bit_pos (int) – 


	controls (Controls) – 






	Returns

	



	Return type

	None










	
write_ending()

	Writes PyQuil ending statements after calls to use_ methods for gates.


	Returns

	



	Return type

	None










	
write_prelude()

	Writes PyQuil opening statements before calls to use_ methods for
gates.


	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.device_specific.RigettiTools module


	
class qubiter.device_specific.RigettiTools.RigettiTools

	Bases: object

This class has no constructor. It consists of static methods that
facilitate the interaction between Qubiter and PyQuil and the Rigetti
Cloud.


	
static add_xy_meas_coda_to_program(prog, bit_pos_to_xy_str)

	This method adds a “coda” (tail ending) to prog using data in
bit_pos_to_xy_str to determine what coda will be.


	Parameters

	
	prog (Program) – 


	bit_pos_to_xy_str (dict[int, str]) – 






	Returns

	



	Return type

	None










	
static obs_vec_from_bitstrings(bitstrings, num_qbits, bs_is_array)

	This method converts a PyQuil bitstrings into a Qubiter
observation vector which it then returns.

Qubiter likes to state the results of an experiment repeated
num_shots (aka num_samples) times by what it calls an observation
vector. An obs vec is a 1-dim array, num_shots long, whose entries
are integers which are the decimal representation of a string,
num_qbits long, of zeros and ones. This string of zeros and ones
gives the state of each qubit in the ZL convention.

PyQuil likes to state the results of an experiment repeated num_shots
times by what it calls bitstrings. A bitstrings is a dict that maps
qubit number to a 1-dim array, num_shots long, of zeros and ones.
Here is an example:

[1]:

bitstrings = qc.run_and_measure(program, trials=10)
bitstrings

[2]:

{0: array([1, 0, 0, 1, 1, 1, 1, 0, 1, 0]),
 1: array([1, 0, 0, 1, 1, 1, 1, 0, 1, 0]),
 2: array([1, 0, 0, 1, 1, 1, 1, 0, 1, 0])}





However, qc.run() returns a numpy array of zeros and ones and shape
(num_shots, num_qbits), formed from the bitstrings dict just
described. If bs_is_array=False, we assume the input bitstrings is a
dict, and if True, we assume it is an array.


	Parameters

	
	bitstrings (dict[int, np.ndarray]) – 


	num_qbits (int) – 


	bs_is_array (bool) – stands for: bitstrings is array






	Returns

	shape = (num_shots,)



	Return type

	np.ndarray

















          

      

      

    

  

    
      
          
            
  
qubiter.device_specific.chip_couplings_google module


	
qubiter.device_specific.chip_couplings_google.BRISTLECONE_GRID = '\n-----AB-----\n----ABCD----\n---ABCDEF---\n--ABCDEFGH--\n-ABCDEFGHIJ-\nABCDEFGHIJKL\n-CDEFGHIJKL-\n--EFGHIJKL--\n---GHIJKL---\n----IJKL----\n-----KL-----\n'

	>>> import cirq
>>> print(cirq.google.Bristlecone)
                                             (0, 5)....(0, 6)
                                    (1, 4)...(1, 5)....(1, 6)....(1, 7)
                           (2, 3)...(2, 4)...(2, 5)....(2, 6)....(2, 7)...(2, 8)
                  (3, 2)...(3, 3)...(3, 4)...(3, 5)....(3, 6)....(3, 7)...(3, 8)...(3, 9)
         (4, 1)...(4, 2)...(4, 3)...(4, 4)...(4, 5)....(4, 6)....(4, 7)...(4, 8)...(4, 9)...(4, 10)
(5, 0)...(5, 1)...(5, 2)...(5, 3)...(5, 4)...(5, 5)....(5, 6)....(5, 7)...(5, 8)...(5, 9)...(5, 10)...(5, 11)
         (6, 1)...(6, 2)...(6, 3)...(6, 4)...(6, 5)....(6, 6)....(6, 7)...(6, 8)...(6, 9)...(6, 10)
                  (7, 2)...(7, 3)...(7, 4)...(7, 5)....(7, 6)....(7, 7)...(7, 8)...(7, 9)
                           (8, 3)...(8, 4)...(8, 5)....(8, 6)....(8, 7)...(8, 8)
                                    (9, 4)...(9, 5)....(9, 6)....(9, 7)
                                             (10, 5)...(10, 6)










	
qubiter.device_specific.chip_couplings_google.aaa()

	







          

      

      

    

  

    
      
          
            
  
qubiter.device_specific.chip_couplings_ibm module


	
qubiter.device_specific.chip_couplings_ibm.aaa()

	







          

      

      

    

  

    
      
          
            
  
qubiter.device_specific.chip_couplings_rigetti module


	
qubiter.device_specific.chip_couplings_rigetti.aaa()

	







          

      

      

    

  

    
      
          
            
  
qubiter.device_specific.utilities_ds module


	
qubiter.device_specific.utilities_ds.get_dir_edges_from_c_to_tars(c_to_tars)

	Returns tuple of all allowed directed edges (c, t) where c control
and t target.


	Parameters

	c_to_tars (dict[int, list[int]]) – a dictionary mapping j in range(num_qbits) to a list, possibly
empty, of the physically allowed targets of qubit j, when j is
the control of a CNOT.



	Returns

	



	Return type

	tuple[tuple[int, int]]













          

      

      

    

  

    
      
          
            
  
qubiter.device_specific package


Submodules



	qubiter.device_specific.ChipCouplingsFitter module

	qubiter.device_specific.ForbiddenCNotExpander module

	qubiter.device_specific.QbitPlanarLattice module

	qubiter.device_specific.Qubiter_to_AnyQasm module

	qubiter.device_specific.Qubiter_to_GoogleCirq module

	qubiter.device_specific.Qubiter_to_IBMqasm module

	qubiter.device_specific.Qubiter_to_PennyLane module

	qubiter.device_specific.Qubiter_to_RigettiPyQuil module

	qubiter.device_specific.RigettiTools module

	qubiter.device_specific.chip_couplings_google module

	qubiter.device_specific.chip_couplings_ibm module

	qubiter.device_specific.chip_couplings_rigetti module

	qubiter.device_specific.utilities_ds module








Module contents







          

      

      

    

  

    
      
          
            
  
qubiter.jupyter_notebooks.utilities_nb module


	
qubiter.jupyter_notebooks.utilities_nb.run_sim_gui(file_prefix, num_qbits, all_var_nums, fun_name_to_fun=None, slider_max_degs=1080, append_new=False, sty_fin_desc='ALL')

	This method generates and runs a widgets gui (graphical user interface).
The gui has a button labelled Run that creates an object of
SEO_simulator. The gui contains a slider for each placeholder variable (
parameter) of a circuit that has been created a priori by a SEO_writer
using the name file_prefix and number of qubits num_qbits.

If a parameter is labelled #1, then the slider value for degs_1 times
pi/180 is substituted for #1


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 


	all_var_nums (list[int]) – all the placeholder variable numbers. If the circuit has exactly
two placeholder variables #5 and #7, then all_var_nums=[5, 7]


	fun_name_to_fun (dict[str, function]) – dict mapping every functional placeholder name to its function


	slider_max_degs (float) – maximum (in degrees) of sliders (same for all of them)


	append_new (bool) – If True, printout for current run will be appended to end. If False,
the previous printout will be erased before printing for current run.


	sty_fin_desc (str) – The style used in the description of the final state vector.
Argument of StateVec.get_style_dict().






	Returns

	



	Return type

	None













          

      

      

    

  

    
      
          
            
  
qubiter.jupyter_notebooks package


Submodules



	qubiter.jupyter_notebooks.utilities_nb module








Module contents







          

      

      

    

  

    
      
          
            
  
qubiter.latex_tools.AsciiPic_to_Latex module


	
class qubiter.latex_tools.AsciiPic_to_Latex.AsciiPic_to_Latex(reverse_bits=True, reverse_gates=True)

	Bases: object

This class can translate a Qubiter Picture file (which is a text file
that contains an ASCII picture of a quantum circuit) into Latex code
that can be compiled into a scholarly, publication quality eps or pdf
picture of the circuit. The Latex code generated by this class calls
commands from the package QCircuit, which in turn calls commands from
the package xypic.

References

1. Bryan Eastin, S. Flammia, “Q-circuit Tutorial”,
https://arxiv.org/abs/quant-ph/0406003v2
2. K.H. Rose, “xypic users’s guide”
(There is also a much longer “xypic reference manual”

You can use the Latex code produced by this class as a starting point.
You can tweak the code by hand by adding annotations in Latex or by
changing various parameters as explained in the xypic and Qcircuit
documentation.

Instead of going from Qubiter Picture file to Latex code directly,
this class inserts an intermediate translation step that we call a
Mosaic ascii picture. A Mosaic picture is a simplified, abridged version
of a Qubiter “native” Picture file. In Qubiter native pictures,
each gate is made up of multiple bonds, and each bond is 4 characters
long. A Mosaic picture uses 1 character per bond instead of 4, usually
retaining only the first character of each bond of the counterpart
Qubiter native picture. Hence, a Mosaic picture is exactly 1/4 as long
as its Qubiter native picture counterpart. Qubiter native pictures and
Mosaic pictures can both be machine generated by Qubiter or written by
hand. Because they are 1/4 as long, Mosaic pictures are easier to write
by hand than Qubiter native pictures.

Here is a quantum circuit with 7 qubits and 9 gates expressed in Qubiter
native picture format and in Mosaic picture format. In both pictures,
time points downwards. Each line (row) represents one gate, or one unit
of time. Columns 0, 4, 8, … represent a qubit in the Qubiter native pic.

Qubiter native pic:

|   X---+---+---@   |   |
|   Y---+---O---@---O   |
|   H   |   |   |   |   |
|   <---+---+--->   |   |
M   |   |   |   |   |   |
@---X   |   |   |   |   |
@---+---+---+---+---X   |
@---+---+---O---+---X   |





Mosaic pic:

|X++@||
|Y+O@O|
|H|||||
|<++>||
M||||||
@X|||||
@++++X|
@++O+X|





As you can see, in the Mosaic pic, the white spaces and hyphens are
omitted. The following symbols are kept:

kept = [
    'H',  # Hadamard matrix
    'M',  # measurement of type 2
    'O',  # Control of type False
    '@',  # Control of type True
    'X',  # sigma_X Pauli matrix
    'Y',  # sigma_Y Pauli matrix
    'Z',  # sigma_Z Pauli matrix
    '<',  # left edge of swap gate
    '>',  # right edge of swap gate
    '|',  # wire connecting two times
    '+',  # '|' connecting 2 times crossed by a '-' connecting two qubits
    '$']  # place holder to be replaced in Latex by initial ket of a qubit





In translating a Mosaic picture to Latex, this class will try to
interpret each character of a Mosaic pic by using the “kept” list above.
If you insert a character that it can’t interpret, like for example an
‘A’, it will translate that character to a Latex one qubit box with an
‘A’ inside it. If a gate (=time=mosaic pic row) has at least one ‘?’ in
the mosaic pic, it will be drawn in the Latex with inter-qubit wiring.
For example, a mosaic row |AA|?| will be drawn in the Latex with a box
around each A and a box around the ? and a wire connecting all 3 boxes.

In Qubiter native pics and Mosaic pics, time points down, the way we
normally read  English. In the Latex pictures generated by this class,
you can choose for time to point either from left to right (>) or vice
versa (<). The > convention is more popular than the < convention,
but the < convention is preferred by the cognoscenti because it
recognizes that quantum circuit diagrams are merely a graphical
representation of Dirac notation, and Dirac notation uses the <
convention. Reversing a convention espoused by the universally popular
Dirac notation is a totally needless complication.


	Variables

	
	gb_char_arr (np.ndarray) – This internal variable is a rectangular array of single characters,
of shape (num_gates, num_qbits), hence its name starts with gb. Each
gate is a unit of time, and, as usual in Qubiter, the words bit and
qubit are used interchangeably. To build this array, we start by
splitting a Mosaic picture into a character array, then we make some
modifications like adding a row of ‘$’ characters and another of ‘|’
characters as placeholders.


	gb_ch_is_measured (np.ndarray[bool]) – Internal variable, a bool array of the same shape as gb_char_arr.
For each ch (aka character, node, vertex) entry in gb_char_arr,
the corresponding bool entry of this array answers the question of
whether or not that node is already measured (i.e., whether it
occurs at the same qubit as an M node but after it).


	init_states (list[str]) – A list of num_qbits many strings. Each string will be inserted inside
a ket and displayed in the Latex picture as the starting state of a
qubit. The strings in the list are ordered in top qubit to bottom
qubit order.


	reverse_bits (bool) – Set to True iff you want qubit order in Mosaic pic to be reversed in
Latex pic.


	reverse_gates (bool) – Set to True iff you want gate order in Mosaic pic to be reversed in
Latex pic.


	time_dir (str) – time_dir = ‘<’ if reverse_gates else ‘>’









	
__init__(reverse_bits=True, reverse_gates=True)

	Constructor


	Parameters

	
	reverse_bits (bool) – 


	reverse_gates (bool) – 













	
get_ckt_latex(mosaic_word_list, init_states=None)

	Returns Latex code for quantum circuit described by the input
mosaic_word_list.


	Parameters

	
	mosaic_word_list (list[str]) – 


	init_states (list[str]) – 






	Returns

	



	Return type

	str










	
static get_ending_latex()

	Returns ending code of Latex document.


	Returns

	



	Return type

	str










	
static get_preface_latex()

	Returns preface code of Latex document.


	Returns

	



	Return type

	str










	
process_mosaic_word_list(mosaic_word_list, init_states)

	Internal function that uses info in the input mosaic_word_list to
fill certain attributes of the class.


	Parameters

	
	mosaic_word_list (list[str]) – 


	init_states (list[str]) – 






	Returns

	



	Return type

	None










	
static qubiter_pic_file_to_mosaic_word_list(file_path, num_qbits, ZL)

	Reads Qubiter native pic file and returns a mosaic word list,
which is a list of words all of which have the same number (
=num_qbits) of characters.


	Parameters

	
	file_path (str) – Path to Qubiter native pic file.


	num_qbits (int) – Number of qubits. The name of every native pic file generated by
Qubiter states the value of num_qbits.


	ZL (bool) – Set to True iff file is using Zero bit Last convention. Opposite
of ZL is ZF (Zero First). The  name of every native pic file
generated by Qubiter states either ZL or ZF.






	Returns

	



	Return type

	list[str]

















          

      

      

    

  

    
      
          
            
  
qubiter.latex_tools package


Submodules



	qubiter.latex_tools.AsciiPic_to_Latex module








Module contents







          

      

      

    

  

    
      
          
            
  
qubiter.quantum_CSD_compiler.CS_Decomp module


	
class qubiter.quantum_CSD_compiler.CS_Decomp.CS_Decomp

	Bases: object


	
static get_csd(unitary_mats)

	This function does a CS (cosine-sine) decomposition (by calling the
LAPACK function cuncsd.f. The old C++ Qubiter called zggsvd.f
instead) of each unitary matrix in the list of arrays unitary_mats.
This function is called by the constructor of the class Node and is
fundamental for decomposing a unitary matrix into multiplexors and
diagonal unitaries.


	Parameters

	unitary_mats (list(np.ndarray)) – 



	Returns

	



	Return type

	list(np.ndarray), list(np.ndarray), list(np.ndarray)

















          

      

      

    

  

    
      
          
            
  
qubiter.quantum_CSD_compiler.DiagUnitaryExpander module


	
class qubiter.quantum_CSD_compiler.DiagUnitaryExpander.DiagUnitaryExpander(file_prefix, num_qbits, style, gbit_list=None, vars_manager=None, **kwargs)

	Bases: qubiter.EchoingSEO_reader.EchoingSEO_reader

This class is a child of EchoingSEO_reader. The class reads any
previously created Qubiter English file and it writes new English &
Picture files wherein every line of the original English file that
doesn’t start with DIAG (diagonal unitary, aka d-unitary) is echoed
faithfully whereas lines which do start with DIAG are expanded via class
DiagUnitarySEO_writer into a sequence in the style specified as input to
the class constructor.

So, to expand English & Picture files that contain DIAG and MP_Y lines
into just CNOTs and qubit rotations, first use this class and the
analogous one for MP_Y, then use class CGateExpander.

If the input English file has in_file_prefix as file prefix, then the
output English & Picture files have as file prefix in_file_prefix + ‘_X1’,
assuming that ‘_X’ + str(k) for some integer k is not already the ending
of in_file_prefix. If it is, then the ending is changed to ‘_X’ + str(
k+1).


	Variables

	
	gbit_list (list(int)|None) – Only needed for some expansion styles, this is a list of grounded bits


	style (str) – 









	
__init__(file_prefix, num_qbits, style, gbit_list=None, vars_manager=None, **kwargs)

	Constructor


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 


	style (str) – 


	gbit_list (list(int)) – 













	
emb_for_du(controls)

	This is an internal function used inside the function use_DIAG().
This function returns emb, nt, nf to be used as arguments of a
DiagUnitarySEO_writer that will be used to expand the DIAG line
currently being considered. emb is a circuit embedder, nt is the
number of T bits and nf is the number of F bits detected in the
input argument ‘controls’.


	Parameters

	controls (Controls) – controls of the DIAG currently being considered.



	Returns

	



	Return type

	CktEmbedder, int, int










	
use_DIAG(controls, rad_angles)

	This is an override of a function in the parent class
EchoingSEO_reader. This is the only use_ function of this class that
doesn’t simply echo its input line. This function does most of its
work inside the DiagUnitary_SEO_writer.write() function that it calls.


	Parameters

	
	controls (Controls) – 


	rad_angles (list[float]) – 






	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.quantum_CSD_compiler.DiagUnitarySEO_writer module


	
class qubiter.quantum_CSD_compiler.DiagUnitarySEO_writer.DiagUnitarySEO_writer(file_prefix, emb, style, rad_angles=None, num_T_trols=0, num_F_trols=0, num_gbits=0, **kwargs)

	Bases: qubiter.SEO_writer.SEO_writer

A diagonal unitary (d-unitary) is square diagonal matrix whose diagonal
entries are magnitude 1 complex numbers. Any d-unitary gate can be
represent in an English file by a single line starting with DIAG.

This class is a child of SEO_writer. It adds to its parent class the
ability to write a d-unitary gate in various styles.

When style = ‘one_line’, this class writes a d-unitary as a single line
in an English file, the same away the parent class SEO_writer would
write it.

When style = ‘exact’, this class writes a d-unitary as a SEO expansion
occupying multiple lines of an English file. For this style, the class
writes an exact expansion described in Refs. 1 and 2 below.

Actually, this class can write more than a mere d-unitary. It can write
a controlled d-unitary too, meaning it can attach T or F controls to the
intrinsic controls of the d-unitary. Those intrinsic controls are
represented by percent signs in Picture files and by “half moon” nodes
in the arxiv papers cited below. In class Controls, T controls are of
kind True, F controls are of kind False, and intrinsic controls are
assigned an int for kind.

It is important to note that the bits in the d-unitary being written
will be in the following order, in order of increasing bit position:


	T controls


	F controls


	intrinsic d-unitary controls


	grounded bits, if any




References

1. R.R. Tucci, A Rudimentary Quantum Compiler(2cnd Ed.)
https://arxiv.org/abs/quant-ph/9902062

2. R.R. Tucci, How to Compile Some NAND Formula Evaluators,
https://arxiv.org/abs/0706.0479

3. R.R. Tucci, Oracular Approximation of Quantum Multiplexors and
Diagonal Unitary Matrices, https://arxiv.org/abs/0901.3851


	Variables

	
	num_of_F_trols (int) – The number of False controls of the controlled d-unitary.


	num_gbits (int) – number of gbits (grounded bits). This is only needed for the
oracular approximation. Grounded bits are extra ancilla bits that
have been initialized to the ground state (state |0>).


	num_of_T_trols (int) – The number of True controls of the controlled d-unitary.


	rad_angles (list(float)) – list of angles in radians. These angles are the parameters
specifying an DIAG gate. If the DIAG has N intrinsic controls,
there are 2^N angles.


	style (str) – must equal either ‘one_line’ or exact’.









	
__init__(file_prefix, emb, style, rad_angles=None, num_T_trols=0, num_F_trols=0, num_gbits=0, **kwargs)

	Constructor


	Parameters

	
	file_prefix (str) – 


	emb (CktEmbedder) – 


	style (str) – 


	rad_angles (list(float)) – 


	num_T_trols (int) – 


	num_F_trols (int) – 


	num_gbits (int) – 













	
static du_mat(rad_angles, herm_conj=False)

	This function returns a square numpy array whose diagonal is the
component-wise exp(1j* ) of rad_angles.


	Parameters

	
	rad_angles (list(float)) – 


	herm_conj (bool) – If True, uses exp(-1j*rad_angles).
If False, uses exp(+1j*rad_angles)






	Returns

	



	Return type

	np.ndarray










	
write()

	Main write function of this class. All other write functions are
internal. This function writes a d-unitary in the style specified by
the parameter self.style.


	Returns

	



	Return type

	None










	
write_exact()

	Writes in English file a multiple line, exact representation of the
d-unitary.


	Returns

	



	Return type

	None










	
write_one_line()

	Writes in English file a one line representation of the d-unitary.


	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.quantum_CSD_compiler.MultiplexorExpander module


	
class qubiter.quantum_CSD_compiler.MultiplexorExpander.MultiplexorExpander(file_prefix, num_qbits, style, gbit_list=None, vars_manager=None, **kwargs)

	Bases: qubiter.EchoingSEO_reader.EchoingSEO_reader

This class is a child of EchoingSEO_reader. The class reads any
previously created Qubiter English file and it writes new English &
Picture files wherein every line of the original English file that
doesn’t start with MP_Y (multiplexor) is echoed faithfully whereas lines
which do start with MP_Y are expanded via class MultiplexorSEO_writer
into a sequence in the style specified as input to the class constructor.

So, to expand English & Picture files that contain DIAG and MP_Y lines
into just CNOTs and qubit rotations, first use this class and the
analogous one for DIAG, then use class CGateExpander.

If the input English file has in_file_prefix as file prefix, then the
output English & Picture files have as file prefix in_file_prefix +
‘_X1’, assuming that ‘_X’ + str(k) for some integer k is not already the
ending of in_file_prefix. If it is, then the ending is changed to ‘_X’ +
str( k+1).


	Variables

	
	gbit_list (list(int)|None) – Only needed for some expansion styles, this is a list of grounded bits


	style (str) – 









	
__init__(file_prefix, num_qbits, style, gbit_list=None, vars_manager=None, **kwargs)

	Constructor


	Parameters

	
	file_prefix (str) – 


	num_qbits (int) – 


	style (str) – 


	gbit_list (list(int)) – 


	vars_manager (PlaceholderManager) – 













	
emb_for_plexor(tar_bit_pos, controls)

	This is an internal function used inside the function use_MP_Y().
The function returns emb, nt, nf to be used as arguments of a
MultiplexorSEO_writer that will be used to expand the MP_y line
currently being considered. emb is a circuit embedder, nt is the
number of T bits and nf is the number of F bits detected in the
input argument ‘controls’.


	Parameters

	
	tar_bit_pos (int) – target bit position of multiplexor currently being considered.


	controls (Controls) – controls of the MP_Y currently being considered.






	Returns

	



	Return type

	CktEmbedder, int, int










	
use_MP_Y(tar_bit_pos, controls, rad_angles)

	This is an override of a function in the parent class
EchoingSEO_reader. This is the only use_ function of this class that
doesn’t simply echo its input line. This function does most of its
work inside the Multiplexor_SEO_writer.write() function that it calls.


	Parameters

	
	tar_bit_pos (int) – 


	controls (Controls) – 


	rad_angles (list[float]) – 






	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.quantum_CSD_compiler.MultiplexorSEO_writer module


	
class qubiter.quantum_CSD_compiler.MultiplexorSEO_writer.MultiplexorSEO_writer(file_prefix, emb, style, rad_angles=None, num_T_trols=0, num_F_trols=0, num_gbits=0, **kwargs)

	Bases: qubiter.SEO_writer.SEO_writer

A multiplexor is a matrix of the form


[ cc, ss]
[-ss, cc]




where cc and ss are square diagonal matrices, both of the same
dimension, satisfying cc^2 + ss^2=1.

A multiplexor gate can be represent in an English file by a single line
starting with MP_Y.

This class is a child of SEO_writer. It adds to its parent class the
ability to write a multiplexor gate in various styles.

When style = ‘one_line’, this class writes a multiplexor as a single
line in an English file, the same away the parent class SEO_writer would
write it.

When style = ‘exact’, this class writes a multiplexor as a SEO expansion
occupying multiple lines of an English file. For this style, the class
writes an exact expansion described in Refs. 1 and 2 below.

When style = ‘oracular’, this class writes a multiplexor as a SEO
expansion occupying multiple lines of an English file. For this style,
the class writes an approximation (called the “oracular approximation”)
described in Ref.3 below.

Actually, this class can write more than a mere multiplexor. It can
write a controlled multiplexor too, meaning it can attach T or F
controls to the intrinsic controls of the multiplexor. Those intrinsic
controls are represented by percent signs in Picture files and by “half
moon” nodes in the arxiv papers cited below. In class Controls,
T controls are of kind True, F controls are of kind False, and intrinsic
controls are assigned an int for kind.

It is important to note that the bits in the multiplexor being written
will be in the following order, in order of increasing bit position:


	T controls


	F controls


	intrinsic multiplexor controls


	target bit of multiplexor


	grounded bits, if any




References

1. R.R. Tucci, A Rudimentary Quantum Compiler(2cnd Ed.)
https://arxiv.org/abs/quant-ph/9902062

2. R.R. Tucci, How to Compile Some NAND Formula Evaluators,
https://arxiv.org/abs/0706.0479

3. R.R. Tucci, Oracular Approximation of Quantum Multiplexors and
Diagonal Unitary Matrices, https://arxiv.org/abs/0901.3851


	Variables

	
	num_of_F_trols (int) – The number of False controls of the controlled multiplexor


	num_gbits (int) – number of gbits (grounded bits). This is only needed for the
oracular approximation. Grounded bits are extra ancilla bits that
have been initialized to the ground state (state |0>).


	num_of_T_trols (int) – The number of True controls of the controlled multiplexor


	rad_angles (list(float)) – list of angles in radians. These angles are the parameters
specifying an MP_Y gate. If the MP_Y has N intrinsic controls,
there are 2^N angles.


	style (str) – must equal either ‘one_line’, exact’ or ‘oracular’.









	
__init__(file_prefix, emb, style, rad_angles=None, num_T_trols=0, num_F_trols=0, num_gbits=0, **kwargs)

	Constructor


	Parameters

	
	file_prefix (str) – 


	emb (CktEmbedder) – 


	style (str) – 


	rad_angles (list(float)) – 


	num_T_trols (int) – 


	num_F_trols (int) – 


	num_gbits (int) – 













	
static mp_mat(rad_angles, herm_conj=False)

	This function returns a numpy array with the multiplexor matrix


[ cc, ss]
[-ss, cc]




in it, where cc (ss) is the component-wise cosine (sine) of
rad_angles.


	Parameters

	
	rad_angles (list(float)) – 


	herm_conj (bool) – When herm_conj=True, it uses ss = sine(-rad_angles), whereas if
herm_conj=False, it uses ss = sine(+rad_angles)






	Returns

	



	Return type

	np.ndarray










	
write()

	Main write function of this class. All other write functions are
internal. This function writes a multiplexor in the style specified
by the parameter self.style.


	Returns

	



	Return type

	None










	
write_exact()

	Writes in English file a multiple line, exact representation of the
multiplexor.


	Returns

	



	Return type

	None










	
write_one_line()

	Writes in English file a one line representation of the multiplexor.


	Returns

	



	Return type

	None










	
write_oracular()

	Writes in English file a multiple line, approximate representation
of the multiplexor.













          

      

      

    

  

    
      
          
            
  
qubiter.quantum_CSD_compiler.Node module


	
class qubiter.quantum_CSD_compiler.Node.Node(nd_id, pa_nd, side, init_unitary_mat=None)

	Bases: object

This class carries the “cargo” of each node of a tree. Included in that
cargo are


	self’s parent and 2 children nodes,


	its side, level and id,


	its left, central and right matrix lists.




This class also performs the very important task of calling within its
constructor the function CS_Decomp.get_csd() which fills the
node’s left, central and right matrix lists.


	Variables

	
	central_mats (list(np.ndarray)) – Central matrix list returned by call to CS_Decomp.get_csd( ). A
central_mats is a list of dmats. A dmat= D matrix  is numpy array
containing floats (radian angles).


	left_mats (list(np.ndarray)) – Left matrix list returned by call to CS_Decomp.get_csd()


	left_nd (Node) – Node to left of self.


	level (int) – 1<= level <= num_qbits+1. level = 1 for root node, level =
num_of_bits+1 for node whose central_mat is list of 1 dim arrays


	nd_id (int) – node id, int assigned by Tree, nd_id=0 for first (root) node created
by Tree, nd_id=1 for second node created, etc.


	pa_nd (Node) – parent node


	right_mats (list(np.ndarray)) – Right matrix list returned by call to CS_Decomp.get_csd()


	right_nd (Node) – Node to right of self.


	side (str) – to which side of its parent does self find itself, either ‘right’ or
‘left’









	
__init__(nd_id, pa_nd, side, init_unitary_mat=None)

	Constructor


	Parameters

	
	nd_id (int) – 


	pa_nd (Node|None) – 


	side (str|None) – 


	init_unitary_mat (np.ndarray) – This is the matrix that is fed to CS_Decomp.get_csd() in root
node constructor. pa_nd and side are ignored if this is not None.













	
__str__()

	Gives a readable description of self when self is ordered to print.
For example, if nd_id = 3, level = 4, node prints as ‘3(L4)’.


	Returns

	



	Return type

	str










	
is_barren()

	Returns True iff node’s left, central and right matrix lists are all
None.


	Returns

	



	Return type

	bool










	
make_barren()

	Sets node’s left, central and right matrix lists to None.


	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.quantum_CSD_compiler.Tree module


	
class qubiter.quantum_CSD_compiler.Tree.Tree(do_write, file_prefix, emb, init_unitary_mat, verbose=False, **kwargs)

	Bases: qubiter.SEO_writer.SEO_writer

This class creates a binary tree of nodes whose cargo is contained in
the attributes of class Node. This class, being a child of class
SEO_writer, is also capable of writing English & Picture files. After
creating a binary tree, it proceeds to use that tree to produce a CS
decomposition of the unitary matrix init_unitary_mat that is fed into
its constructor. This CS (cosine-sine) decomp consists of a sequence of
diagonal unitaries (DIAG lines in English file) and multiplexors (MP_Y
lines in English file) whose product equals init_unitary_mat.

If you wish to expand DIAG and MP_Y lines into cnots and single qubit
rotations, use DiagUnitaryExpander and MultiplexorExpander classes.

The CS decomposition was a famous decomp of Linear Algebra well before
quantum computing. It was first applied to quantum computing in the 1999
paper and accompanying C++ program cited below. Much of the code of the
original C++ Qubiter has been rewritten in Python for the new pythonic
Qubiter.

Let init_unitary_mat be N dimensional, with N = 2^n, where n = number of
qubits. A general N dimensional unitary matrix has N^2 dofs (real
degrees of freedom). That’s because it has N^2 complex entries, so 2*N^2
real parameters, but those parameters are subject to N real constraints
and N(N-1)/2 complex constraints, for a total of N^2 real constraints.
So 2N^2 real parameters minus N^2 real constraints gives N^2 dofs.

(a) Each DIAG (MP_Y, resp.) line of the CS decomp of init_unitary_mat
depends on N (N/2, resp.) angles and there are about N DIAG and N MP_Y
lines. So the DIAG lines alone have enough dofs, N^2 of them, to cover
all N^2 dofs of init_unitary_mat. So clearly, there is a lot of
redundancy in the CS decomp used by Qubiter. But, there is hope: the CS
decomp is not unique, and it might be possible to choose a CS decomp
that makes zero many of the angles in the DIAG and MP_Y lines. Some of
those “compiler optimizations” are considered in references below.

(b) The CS decomp as used here leads to order N^2 = 2^{2n} cnots and
qubit rotations so it is impractical for large N. But for small N,
it can be useful. For large N, it might be possible to discover
approximations to individual MP_Y and DIAG lines. An approximation of
this type is considered in MultiplexorExpander.

Clearly, there is much room for future research to improve (a) and (b).

References

1. R.R. Tucci, A Rudimentary Quantum Compiler(2cnd Ed.)
https://arxiv.org/abs/quant-ph/9902062

2. Qubiter 1.11, a C++ program whose first version was released together
with Ref.1 above. Qubiter 1.11 is included in the
quantum_CSD_compiler/LEGACY folder of this newer, pythonic version of
Qubiter.

3. R.R. Tucci, Quantum Fast Fourier Transform Viewed as a Special Case
of Recursive Application of Cosine-Sine Decomposition,
https://arxiv.org/abs/quant-ph/0411097


	Variables

	
	global_phase_rads (float) – If arr is the initial unitary matrix fed to the constructor,
then this equals delta, where arr = exp(i*delta) arr1, where arr1 is
a special unitary matrix (det(arr1) = 1)


	root_nd (Node) – The root or starting node of the tree. The only node without parents.
Each node remembers its children, so you only need the root_nd to
access all other nodes.









	
__init__(do_write, file_prefix, emb, init_unitary_mat, verbose=False, **kwargs)

	Constructor


	Parameters

	
	do_write (bool) – 


	file_prefix (str) – 


	emb (CktEmbedder) – 


	init_unitary_mat (np.ndarray) – This is the matrix that is fed to cs_decomp() in root node
constructor.


	verbose (bool) – 













	
build_tree(init_unitary_mat)

	This function is called by the constructor to build a tree of
Node’s. It returns the root node of the tree.


	Parameters

	init_unitary_mat (np.ndarray) – 



	Returns

	



	Return type

	Node










	
write()

	This function writes English & Picture files. It visits all the
Node’s of the tree from right to left (this way: <–). It calls
self.write_node() for each node.


	Returns

	



	Return type

	None










	
write_node(nd)

	This function is called by self.write() for each node of the tree.
For a node with level <= num_qbits, the function writes an MP_Y line,
whereas if level = num_qbits + 1, it writes a DIAG line.


	Parameters

	nd (Node) – 



	Returns

	



	Return type

	None

















          

      

      

    

  

    
      
          
            
  
qubiter.quantum_CSD_compiler package


Submodules



	qubiter.quantum_CSD_compiler.CS_Decomp module

	qubiter.quantum_CSD_compiler.DiagUnitaryExpander module

	qubiter.quantum_CSD_compiler.DiagUnitarySEO_writer module

	qubiter.quantum_CSD_compiler.MultiplexorExpander module

	qubiter.quantum_CSD_compiler.MultiplexorSEO_writer module

	qubiter.quantum_CSD_compiler.Node module

	qubiter.quantum_CSD_compiler.Tree module








Module contents







          

      

      

    

  

    
      
          
            
  
qubiter.run_all_nb module





          

      

      

    

  

    
      
          
            
  
qubiter.run_all_py module





          

      

      

    

  

    
      
          
            
  
qubiter.utilities_gen module


	
qubiter.utilities_gen.all_floats(li)

	Returns True iff all items in list are floats.


	Parameters

	li (list) – 



	Returns

	



	Return type

	bool










	
qubiter.utilities_gen.all_strings(li)

	Returns True iff all items in list are strings.


	Parameters

	li (list) – 



	Returns

	



	Return type

	bool










	
qubiter.utilities_gen.find_path_to_qubiter()

	Returns absolute path to this file.


	Returns

	



	Return type

	str










	
qubiter.utilities_gen.get_eng_file_rel_path(file_prefix, num_qbits)

	Returns path to English file.


	Returns

	



	Return type

	str










	
qubiter.utilities_gen.get_pic_file_rel_path(file_prefix, num_qbits, ZL=True)

	Returns path to Picture file.


	Returns

	



	Return type

	str










	
qubiter.utilities_gen.get_value(kwargs, key_str, default_val=None)

	Returns kwargs[key_str] if there is one. Else it returns default_val if
there is one. Else aborts.


	Parameters

	
	kwargs (dict[str, float]) – 


	key_str (str) – 


	default_val (float) – 






	Returns

	



	Return type

	float










	
qubiter.utilities_gen.increment_dict(di, key, inc, initial=0)

	Increments dictionary entry at position key by inc. If item at
position key does not exist coming in, first creates one with value
initial, then increments it by inc.


	Parameters

	
	di (dict[]) – 


	key – 


	inc – increment


	initial – 













	
qubiter.utilities_gen.is_arr(x)

	Returns True iff x is a numpy array.


	Parameters

	x – 



	Returns

	



	Return type

	bool










	
qubiter.utilities_gen.is_const_mat(arr)

	Returns True iff arr is numpy array for constant square matrix.


	Parameters

	arr (np.ndarray) – 



	Returns

	



	Return type

	bool










	
qubiter.utilities_gen.is_diag_mat(arr)

	Returns True iff arr is numpy array for diagonal square matrix.


	Parameters

	arr (np.ndarray) – 



	Returns

	



	Return type

	bool










	
qubiter.utilities_gen.is_non_neg_int(s)

	Returns True iff string s is a non-negative number.


	Parameters

	s (str) – 



	Returns

	



	Return type

	bool










	
qubiter.utilities_gen.is_prob_dist(pd)

	Returns True iff pd is a probability distribution.


	Parameters

	pd (np.ndarray) – 



	Returns

	



	Return type

	bool










	
qubiter.utilities_gen.kron_prod(mat_list)

	This method returns the Kronecker product of the list of matrices which
it has as input.


	Parameters

	mat_list (list[np.ndarray]) – 



	Returns

	



	Return type

	np.ndarray










	
qubiter.utilities_gen.log_print(x)

	Prints file name of log_print() call, then file line of log_print()
call, then x.


	Parameters

	x (object) – 



	Returns

	



	Return type

	None










	
qubiter.utilities_gen.preface(a_str)

	Throughout Qubiter, the term file_prefix is used for files. If the
file_prefix string starts with _, then the file is created with
relative path equal to (hence, it shows up in the current working
directory)

./file_prefix + ending

If file_prefix doesn’t start with _, then the file is created with
absolute path equal to (hence, it shows up in qubiter’s io_folder)

absolute_path_to_io_folder/file_prefix + ending.

Given a_str, if it doesn’t start with _, this method returns
absolute_path_to_io_folder/a_str. Otherwise, this method just returns
a_str.


	Parameters

	a_str (str) – 



	Returns

	



	Return type

	str










	
qubiter.utilities_gen.scalar_prod(scalars_list)

	This method returns the product of the list of scalars which it has as
input.


	Parameters

	scalars_list (list[int|float|complex] | tuple[int|float|complex]) – 



	Returns

	



	Return type

	complex|float|int













          

      

      

    

  

    
      
          
            
  
qubiter package


Subpackages



	qubiter.adv_applications package
	Submodules
	qubiter.adv_applications.CostMinimizer module

	qubiter.adv_applications.MeanHamil module

	qubiter.adv_applications.MeanHamilMinimizer module

	qubiter.adv_applications.MeanHamil_native module

	qubiter.adv_applications.MeanHamil_rigetti module

	qubiter.adv_applications.PhaseEstSEO_writer module

	qubiter.adv_applications.StairsAllDeriv_native module

	qubiter.adv_applications.StairsAllDeriv_rigetti module

	qubiter.adv_applications.StairsCkt_writer module

	qubiter.adv_applications.StairsDeriv module

	qubiter.adv_applications.StairsDerivCkt_writer module

	qubiter.adv_applications.StairsDerivThrCkt_writer module

	qubiter.adv_applications.StairsDeriv_native module

	qubiter.adv_applications.StairsDeriv_rigetti module

	qubiter.adv_applications.setup_autograd module





	Module contents





	qubiter.device_specific package
	Submodules
	qubiter.device_specific.ChipCouplingsFitter module

	qubiter.device_specific.ForbiddenCNotExpander module

	qubiter.device_specific.QbitPlanarLattice module

	qubiter.device_specific.Qubiter_to_AnyQasm module

	qubiter.device_specific.Qubiter_to_GoogleCirq module

	qubiter.device_specific.Qubiter_to_IBMqasm module

	qubiter.device_specific.Qubiter_to_PennyLane module

	qubiter.device_specific.Qubiter_to_RigettiPyQuil module

	qubiter.device_specific.RigettiTools module

	qubiter.device_specific.chip_couplings_google module

	qubiter.device_specific.chip_couplings_ibm module

	qubiter.device_specific.chip_couplings_rigetti module

	qubiter.device_specific.utilities_ds module





	Module contents





	qubiter.jupyter_notebooks package
	Submodules
	qubiter.jupyter_notebooks.utilities_nb module





	Module contents





	qubiter.latex_tools package
	Submodules
	qubiter.latex_tools.AsciiPic_to_Latex module





	Module contents





	qubiter.quantum_CSD_compiler package
	Submodules
	qubiter.quantum_CSD_compiler.CS_Decomp module

	qubiter.quantum_CSD_compiler.DiagUnitaryExpander module

	qubiter.quantum_CSD_compiler.DiagUnitarySEO_writer module

	qubiter.quantum_CSD_compiler.MultiplexorExpander module

	qubiter.quantum_CSD_compiler.MultiplexorSEO_writer module

	qubiter.quantum_CSD_compiler.Node module

	qubiter.quantum_CSD_compiler.Tree module





	Module contents












Submodules



	qubiter.BitVector module

	qubiter.CGateExpander module

	qubiter.CGateSEO_writer module

	qubiter.CktEmbedder module

	qubiter.CodaSEO_writer module

	qubiter.Controls module

	qubiter.EchoingSEO_reader module

	qubiter.FouSEO_writer module

	qubiter.HadamardTransform module

	qubiter.LoopFileGenerator module

	qubiter.LoopyPlaceholderManager module

	qubiter.OneQubitGate module

	qubiter.PlaceholderManager module

	qubiter.Plotter module

	qubiter.SEO_Lista module

	qubiter.SEO_MatrixProduct module

	qubiter.SEO_pre_reader module

	qubiter.SEO_reader module

	qubiter.SEO_simulator module

	qubiter.SEO_simulator_tf module

	qubiter.SEO_writer module

	qubiter.StateVec module

	qubiter.UnitaryMat module

	qubiter.classgraph module

	qubiter.run_all_nb module

	qubiter.run_all_py module

	qubiter.utilities_gen module








Module contents
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