

    
      
          
            
  
Welcome to Sparse Distributed Memory Framework’s documentation!

Welcome! This is the documentation for Sparse Distributed Memory Framework.


Parts of the documentation

The documentation is organized in two parts: C API and Python Library.

It is suggested to use the Python Library. It is a facade which simplifies the creation and manipulation of SDM instances. It also works in the Jupyter Notebook.

The C API is the low level module which may be extended to add new operations to the SDM.



	1. SDM Library
	1.1. Bitstring

	1.2. AddressSpace

	1.3. Counter

	1.4. SDM





	2. C API
	2.1. Bitstring’s functions

	2.2. Address Space’s functions

	2.3. OpenCL Scanner

	2.4. Counter’s functions

	2.5. SDM’s functions





	3. Examples
	3.1. Distance between bitstrings

	3.2. Generates a new SDM

	3.3. Kanerva’s Figure 1.2 (page 25)

	3.4. Kanerva’s Table 7.3 (page 70)

	3.5. Noise filter

	3.6. Classification Test #1

	3.7. Classification Test #2

	3.8. Classification Test #3
	3.8.1. Generating labels

	3.8.2. Training the SDM

	3.8.3. Testing with high noise

	3.8.4. Testing with low noise

	3.8.5. Testing with no noise


















Indices and tables


	Index


	Module Index


	Search Page








          

      

      

    

  

    
      
          
            
  
1. SDM Library


1.1. Bitstring




1.2. AddressSpace




1.3. Counter




1.4. SDM







          

      

      

    

  

    
      
          
            
  
2. C API


2.1. Bitstring’s functions

The following functions are used to create, destroy, and manipulate bitstrings. Many of them have a parameter len, which is the number of bytes of the bitstring. It was a design choice which saves computing it everytime.


	
typedef uint64_t bitstring_t

	




	
void bs_init_bitcount_table()

	Initialize a 64kb in RAM which is used to improve performance when calculating the distance between two bitstrings.






	
bitstring_t* bs_alloc(const unsigned int len)

	Allocate memory for a bitstring with len bytes.






	
void bs_free(bitstring_t *bs)

	Free the memory of a bitstring.






	
void bs_copy(bitstring_t *dst, const bitstring_t *src, unsigned int len)

	Copy one bitstring into another.






	
void bs_init_zeros(bitstring_t *bs, unsigned int len, unsigned int bits_remaining)

	Initialize a bitstring with all bits equal to zero. The bitstring’s memory must have already been allocated.






	
void bs_init_ones(bitstring_t *bs, unsigned int len, unsigned int bits_remaining)

	Initialize a bitstring with all bits equal to one. The bitstring’s memory must have already been allocated.






	
void bs_init_random(bitstring_t *bs, unsigned int len, unsigned int bits_remaining)

	Initialize a bitstring with random bits. Each bit is sampled from Bernoulli trial with p=0.5. The bitstring’s memory must have already been allocated.






	
void bs_init_hex(bitstring_t *bs, unsigned int len, char *hex)

	Initialize a bitstring with random bits. Each bit is sampled from Bernoulli trial with p=0.5. The bitstring’s memory must have already been allocated.






	
void bs_init_b64(bitstring_t *bs, char *b64)

	Initialize a bitstring from a base64 string. The bitstring’s memory must have already been allocated.






	
void bs_to_hex(char *buf, bitstring_t *bs, unsigned int len)

	Initialize a bitstring from a hexadecimal string. The bitstring’s memory must have already been allocated.






	
void bs_to_b64(char *buf, bitstring_t *bs, unsigned int len)

	Generate the base64 string representation of the bitstring.






	
int bs_distance(const bitstring_t *bs1, const bitstring_t *bs2, const unsigned int len)

	Calculate the hamming distance between two bitstrings.






	
unsigned int bs_get_bit(bitstring_t *bs, unsigned int bit)

	Return a specific bit from a bitstring.






	
void bs_set_bit(bitstring_t *bs, unsigned int bit, unsigned int value)

	Change the value of a specific bit from a bitstring.






	
void bs_flip_bit(bitstring_t *bs, unsigned int bit)

	Flip a specific bit from a bitstring.






	
int bs_flip_random_bits(bitstring_t *bs, unsigned int bits, unsigned int flips)

	Randomly choose flips bits of the bitstring. It is used to generate a random bitstring with a given distance from another bitstring.






	
void bs_xor(bitstring_t *bs1, const bitstring_t *bs2, const unsigned int len)

	Calculate the XOR bitwise operation between two bitstrings. The result is stored in bs1.






	
void bs_and(bitstring_t *bs1, const bitstring_t *bs2, const unsigned int len)

	Calculate the AND bitwise operation between two bitstrings. The result is stored in bs1.






	
void bs_or(bitstring_t *bs1, const bitstring_t *bs2, const unsigned int len)

	Calculate the OR bitwise operation between two bitstrings. The result is stored in bs1.






	
void bs_average(bitstring_t *bs1, const bitstring_t *bs2, const unsigned int len)

	Calculate average between the bitstrings. The result is stored in bs1.








2.2. Address Space’s functions


	
struct address_space_s()

	
	
unsigned int bits

	SDM dimension.






	
unsigned int sample

	Number of hard-locations.






	
bitstring_t **addresses

	This approach allocates a continuous chunk of memory for all bitstring addresses.
The addresses allows the use of array notation: addresses[0], addresses[1], …

Let a be addresses. Then:

          a[0]   a[1]   a[2]   a[3]   a[4]
          |      |      |      |      |
          v      v      v      v      v
bs_data = xxxxxx|xxxxxx|xxxxxx|xxxxxx|xxxxxx










	
unsigned int bs_len;

	




	
unsigned int bs_bits_remaining;

	




	
bitstring_t *bs_data;

	








	
int as_init(struct address_space_s *this, unsigned int bits, unsigned int sample)

	Testing…






	
int as_init_random(struct address_space_s *this, unsigned int bits, unsigned int sample)

	Testing again..






	
int as_init_from_b64_file(struct address_space_s *this, char *filename)

	




	
int as_free(struct address_space_s *this)

	




	
int as_save_b64_file(const struct address_space_s *this, char *filename)

	




	
int as_scan_linear(const struct address_space_s *this, const bitstring_t *bs, unsigned int radius, uint8_t *buf)

	




	
int as_scan_thread(const struct address_space_s *this, const bitstring_t *bs, unsigned int radius, uint8_t *buf, unsigned int thread_count)

	




	
void as_print_summary(struct address_space_s *this)

	




	
void as_print_addresses_b64(struct address_space_s *this)

	




	
void as_print_addresses_hex(struct address_space_s *this)

	






2.3. OpenCL Scanner


	
int as_scanner_opencl_init(struct opencl_scanner_s *this, struct address_space_s *as, char *opencl_source)

	




	
void as_scanner_opencl_free(struct opencl_scanner_s *this)

	




	
int as_scan_opencl(struct opencl_scanner_s *this, bitstring_t *bs, unsigned int radius, uint8_t *result)

	






2.4. Counter’s functions


	
typedef int counter_t

	




	
struct counter_s

	
	
unsigned int bits

	




	
unsigned int sample

	




	
int fd

	




	
char *filename

	




	
counter_t **counter

	




	
counter_t *data

	








	
int counter_init(struct counter_s *this, unsigned int bits, unsigned int sample)

	




	
int counter_init_file(char *filename, struct counter_s *this)

	




	
void counter_free(struct counter_s *this)

	




	
void counter_print_summary(struct counter_s *this)

	




	
void counter_print(struct counter_s *this, unsigned int index)

	




	
int counter_add_bitstring(struct counter_s *this, unsigned int index, bitstring_t *bs)

	




	
int counter_add_counter(struct counter_s *c1, unsigned int idx1, struct counter_s *c2, unsigned int idx2)

	




	
int counter_to_bitstring(struct counter_s *this, unsigned int index, bitstring_t *bs)

	




	
int counter_create_file(char *filename, unsigned int bits, unsigned int sample)

	






2.5. SDM’s functions


	
struct sdm_s

	
	
unsigned int bits

	




	
unsinged int sample

	




	
unsinged int scanner_type

	
	
SDM_SCANNER_LINEAR

	




	
SDM_SCANNER_THREAD

	




	
SDM_SCANNER_OPENCL

	








	
struct opencl_scanner_s *opencl_opts

	




	
unsinged int thread_count

	




	
struct address_space_s *address_space

	




	
struct counter_s *counter

	








	
int sdm_init_linear(struct sdm_s *sdm, struct address_space_s *address_space, struct counter_s *counter)

	




	
int sdm_init_thread(struct sdm_s *sdm, struct address_space_s *address_space, struct counter_s *counter, unsigned int thread_count)

	




	
int sdm_init_opencl(struct sdm_s *sdm, struct address_space_s *address_space, struct counter_s *counter, char *opencl_source)

	




	
void sdm_free(struct sdm_s *sdm)

	




	
int sdm_write(struct sdm_s *sdm, bitstring_t *addr, unsigned int radius, bitstring_t *datum)

	




	
int sdm_read(struct sdm_s *sdm, bitstring_t *addr, unsigned int radius, bitstring_t *output)

	




	
int sdm_iter_read(struct sdm_s *sdm, bitstring_t *addr, unsigned int radius, unsigned int max_iter, bitstring_t *output)

	









          

      

      

    

  

    
      
          
            
  
3. Examples
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3.1. Distance between bitstrings

Here we will draw the histogram of the distance between two random
bitstrings.



In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
import numpy as np
import matplotlib.mlab as mlab
#%matplotlib inline









In [2]:






distances = []
for i in xrange(10000):
    b1 = sdmlib.Bitstring.init_random(1000)
    b2 = sdmlib.Bitstring.init_random(1000)
    distances.append(b1.distance_to(b2))









In [3]:






mu = 500
sigma = (1000**(0.5))/2.0
x = np.linspace(0, 1000, 1000)
y = mlab.normpdf(x, mu, sigma)









In [4]:






plt.hist(distances, bins=range(1001), density=True)
plt.plot(x, y, 'r', linewidth=2.0)
plt.xlim(0, 1000)
plt.show()












[image: ../_images/notebooks_Distance_between_bitstrings_4_0.png]






In [5]:






plt.hist(distances, bins=range(1001), density=True)
plt.plot(x, y, 'r', linewidth=2.0)
plt.xlim(400, 600)
plt.show()












[image: ../_images/notebooks_Distance_between_bitstrings_5_0.png]








          

      

      

    

  

    
      
          
            
  


3.2. Generates a new SDM



In [1]:






import sdm as sdmlib









In [2]:






bits = 1000
sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_OPENCL









In [3]:






# Generate an address space with 1,000,000 random 1,000-bit bitstrings.
address_space = sdmlib.AddressSpace.init_random(bits, sample)

# Generate 1,000,000 counters initialized with value zero in the RAM memory.
counter = sdmlib.Counter.init_zero(bits, sample)

# Create a file to store the 1,000,000 counters initialized with value zero.
# You do not need to provide file extension, because it will generate two files
# and automatically included the extension for you.
#counter = sdmlib.Counter.create_file('sdm-10w', bits, sample)

# Create an SDM with the generated address space and counter.
# The scans will be performed using the OpenCL scanner.
sdm = sdmlib.SDM(address_space, counter, 451, scanner_type)









In [4]:






v = []
for i in xrange(10):
    print i,
    # Generate a random 1,000-bit bitstring.
    b = sdmlib.Bitstring.init_random(1000)

    # Write the bitstring to the SDM.
    sdm.write(b, b)
    v.append(b)
print ''
print '{} bitstring wrote into memory.'.format(len(v))













0 1 2 3 4 5 6 7 8 9
10 bitstring wrote into memory.








In [5]:






# Copy the bitstring from v[0].
# We have to make a copy because the flip_random_bits function changes the bitstring itself.
b = sdmlib.Bitstring.init_from_bitstring(v[0])
b.flip_random_bits(400)

# Read the bitstring from the SDM and checks the distance from the retrieved bitstring and v[0].
c = sdm.read(b)
print 'Distance', c.distance_to(v[0])













Distance 134








In [6]:






# Save the address space into the file 'sdm-10w.as'.
# The recommended extension for an address space is '.as'.

# Although we have used 10w as an indication of 10 writes to the memory, the
# address space is not affected by the writes. It is just a reference to help us
# remeber that this address space has been used together with the counters.
#address_space.save('sdm-10w.as');











          

      

      

    

  

    
      
          
            
  


3.4. Kanerva’s Table 7.3 (page 70)



In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
from IPython.display import clear_output
%matplotlib inline









In [2]:






bits = 1000
sample = 1000000
radius = 451
scanner_type = sdmlib.SDM_SCANNER_OPENCL









In [3]:






#address_space = sdmlib.AddressSpace.init_from_b64_file('sdm-10000w.as')
#counter = sdmlib.Counter.load_file('sdm-10000w')
address_space = sdmlib.AddressSpace.init_random(bits, sample)
counter = sdmlib.Counter.init_zero(bits, sample)
sdm = sdmlib.SDM(address_space, counter, radius, scanner_type)









In [4]:






for i in range(10000):
    clear_output(wait=True)
    print i
    bs = sdmlib.Bitstring.init_random(1000)
    sdm.write(bs, bs)













9999








In [5]:






b = sdmlib.Bitstring.init_random(1000)
sdm.write(b, b)









In [8]:






from IPython.display import clear_output

max_iter = 10
samples = 1

distances = []
x = range(0, 1001)
for i, dist in enumerate(x):
    clear_output(wait=True)
    print 'Distance: {:4d} ({:.2f}%)'.format(dist, 100.*(i+1)/len(x))
    v = []
    for j in range(samples):
        c = sdmlib.Bitstring.init_from_bitstring(b)
        c.flip_random_bits(dist)
        assert c.distance_to(b) == dist
        d = sdm.iter_read(c, max_iter=max_iter)
        v.append(d.distance_to(b))
    distances.append(1.0*sum(v)/len(v))
print 'Done!'













Distance: 1000 (100.00%)
Done!








In [9]:






plt.figure(figsize=(8, 6), dpi=100)
plt.plot(x, distances)
plt.plot(x, x, 'k')
plt.plot(x, [500]*len(x), 'k:')
#plt.title('Kanerva\'s Figure 7.3')
if max_iter == 1:
    plt.ylabel('New distance (after a single read)')
else:
    plt.ylabel('New distance (after {} iterative reads)'.format(max_iter))
plt.xlabel('Old distance')
plt.grid()
#plt.axis([0, 1000, 0, 1000]);
plt.axis([x[0], x[-1], x[0], x[-1]]);












[image: ../_images/notebooks_Kanerva-Table-7.3_7_0.png]






In [ ]:






c = sdmlib.Bitstring.init_from_bitstring(b)
c.flip_random_bits(1000)
d = c
print 0, b.distance_to(d)
for i in xrange(10):
    d = sdm.read(d)
    print i+1, b.distance_to(d)











          

      

      

    

  

    
      
          
            
  


3.5. Noise filter



In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
from PIL import Image, ImageDraw, ImageFont
import urllib, cStringIO
import random
from IPython.core.display import display, Image as IPythonImage
%matplotlib inline









In [2]:






width = 30
height = 30
noise_flip = True









In [3]:






def gen_img(letter='A'):
    img = Image.new('RGBA', (30, 30), (255, 255, 255))
    font = ImageFont.truetype('Arial.ttf', 30)
    draw = ImageDraw.Draw(img)
    draw.text((5, 0), letter, (0, 0, 0), font=font)
    return img









In [4]:






def gen_noise_add(img, p=0.15, flip=False):
    img2 = img.copy()
    draw = ImageDraw.Draw(img2)
    for py in xrange(height):
        for px in xrange(width):
            if random.random() < p:
                if flip:
                    pixel = img.getpixel((px, py))
                    value = sum([int(x/255+0.5) for x in pixel[:3]])//3
                    assert value == 0 or value == 1
                    value = (1 - value)*255
                    draw.point((px, py), fill=(value, value, value))
                else:
                    draw.point((px, py), fill=(0, 0, 0))
    return img2









In [5]:






img = gen_img();
img2 = gen_noise_add(img, flip=noise_flip)
plt.subplot(1, 2, 1)
plt.imshow(img)
plt.subplot(1, 2, 2)
plt.imshow(img2);












[image: ../_images/notebooks_Noise_filter_5_0.png]






In [6]:






def to_bitstring(img):
    v = []
    bs = sdmlib.Bitstring.init_ones(1000)
    for py in xrange(height):
        for px in xrange(width):
            pixel = img.getpixel((px, py))
            value = sum([int(x/255+0.5) for x in pixel[:3]])//3
            assert value == 0 or value == 1
            idx = px+width*py
            assert idx >= 0 and idx < 1000, 'Ops {} {} {}'.format(x, y, idx)
            bs.set_bit(idx, value)
            v.append(value)
    v2 = [bs.get_bit(i) for i in xrange(height*width)]
    assert v == v2
    return bs









In [7]:






def to_img(bs):
    img = Image.new('RGBA', (30, 30), (255, 255, 255))
    draw = ImageDraw.Draw(img)
    for py in xrange(height):
        for px in xrange(width):
            idx = px+width*py
            assert idx >= 0 and idx < 1000, 'Ops {} {} {}'.format(x, y, idx)
            x = 255*bs.get_bit(idx)
            draw.point((px, py), fill=(x, x, x))
    return img









In [8]:






bits = 1000
sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_OPENCL









In [9]:






address_space = sdmlib.AddressSpace.init_random(bits, sample)
counter = sdmlib.Counter.init_zero(bits, sample)
sdm = sdmlib.SDM(address_space, counter, 451, scanner_type)









In [10]:






def fill_memory(letter, p=0.15, n=100):
    cols = 15
    rows = n//cols + 1
    plt.figure(figsize=(20,10))
    for i in xrange(n):
        img = gen_img(letter=letter);
        img2 = gen_noise_add(img, flip=noise_flip)
        #display(img2)
        plt.subplot(rows, cols, i+1)
        plt.imshow(img2)
        bs = to_bitstring(img2)
        sdm.write(bs, bs)









In [11]:






fill_memory('T')












[image: ../_images/notebooks_Noise_filter_11_0.png]






In [12]:






fill_memory('I')












[image: ../_images/notebooks_Noise_filter_12_0.png]






In [13]:






def read(letter, n=6, p=0.25):
    n = 6
    cols = 7
    rows = n//cols + 1
    plt.figure(figsize=(20,10))

    img = gen_img(letter=letter);
    img2 = gen_noise_add(img, p=p, flip=noise_flip)
    plt.subplot(rows, cols, 1)
    plt.imshow(img2)

    for i in xrange(n):
        bs2 = to_bitstring(img2)
        bs3 = sdm.read(bs2)
        img3 = to_img(bs3)
        plt.subplot(rows, cols, i+2)
        plt.imshow(img3)
        img2 = img3









In [20]:






read('T', p=0.42)












[image: ../_images/notebooks_Noise_filter_14_0.png]






In [15]:






read('I', p=0.42)












[image: ../_images/notebooks_Noise_filter_15_0.png]








          

      

      

    

  

    
      
          
            
  


3.6. Classification Test #1



In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
from PIL import Image, ImageDraw, ImageFont
import urllib, cStringIO
import random
from IPython.core.display import display, Image as IPythonImage
%matplotlib inline









In [2]:






width = 30
height = 30
noise_flip = True









In [3]:






def gen_img(letter='A'):
    img = Image.new('RGBA', (30, 30), (255, 255, 255))
    font = ImageFont.truetype('Arial.ttf', 30)
    draw = ImageDraw.Draw(img)
    draw.text((5, 0), letter, (0, 0, 0), font=font)
    return img









In [4]:






def gen_noise_add(img, p=0.15, flip=False):
    img2 = img.copy()
    draw = ImageDraw.Draw(img2)
    for py in xrange(height):
        for px in xrange(width):
            if random.random() < p:
                if flip:
                    pixel = img.getpixel((px, py))
                    value = sum([int(x/255+0.5) for x in pixel[:3]])//3
                    assert value == 0 or value == 1
                    value = (1 - value)*255
                    draw.point((px, py), fill=(value, value, value))
                else:
                    draw.point((px, py), fill=(0, 0, 0))
    return img2









In [5]:






img = gen_img();
img2 = gen_noise_add(img, p=0.05, flip=noise_flip)
plt.subplot(1, 2, 1)
plt.imshow(img)
plt.subplot(1, 2, 2)
plt.imshow(img2);












[image: ../_images/notebooks_Classification_Test_1_5_0.png]






In [6]:






def to_bitstring(img):
    v = []
    bs = sdmlib.Bitstring.init_ones(1000)
    for py in xrange(height):
        for px in xrange(width):
            pixel = img.getpixel((px, py))
            value = sum([int(x/255+0.5) for x in pixel[:3]])//3
            assert value == 0 or value == 1
            idx = px+width*py
            assert idx >= 0 and idx < 1000, 'Ops {} {} {}'.format(x, y, idx)
            bs.set_bit(idx, value)
            v.append(value)
    v2 = [bs.get_bit(i) for i in xrange(height*width)]
    assert v == v2
    return bs









In [7]:






def to_img(bs):
    img = Image.new('RGBA', (30, 30), (255, 255, 255))
    draw = ImageDraw.Draw(img)
    for py in xrange(height):
        for px in xrange(width):
            idx = px+width*py
            assert idx >= 0 and idx < 1000, 'Ops {} {} {}'.format(x, y, idx)
            x = 255*bs.get_bit(idx)
            draw.point((px, py), fill=(x, x, x))
    return img









In [8]:






bits = 1000
sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_THREAD









In [9]:






address_space = sdmlib.AddressSpace.init_from_b64_file('sdm-letters.as')
counter = sdmlib.Counter.create_file('sdm-classification', bits, sample)
sdm = sdmlib.SDM(address_space, counter, 451, scanner_type)









In [10]:






for i in xrange(100):
    print i,
    b = sdmlib.Bitstring.init_random(1000)
    sdm.write(b, b)













0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99








In [11]:






def fill_memory(letter, label_bs, p=0.1, n=100):
    cols = 15
    rows = n//cols + 1
    plt.figure(figsize=(20,10))
    for i in xrange(n):
        img = gen_img(letter=letter);
        img2 = gen_noise_add(img, p=p, flip=noise_flip)
        #display(img2)
        plt.subplot(rows, cols, i+1)
        plt.imshow(img2)
        bs = to_bitstring(img2)
        bs.xor(label_bs)
        sdm.write(bs, bs)
    plt.show()









In [12]:






def read(letter, label_bs, n=6, p=0.2, radius=None):
    n = 7
    cols = 15
    rows = n//cols + 1
    plt.figure(figsize=(20,10))

    img = gen_img(letter=letter);
    img2 = gen_noise_add(img, p=p, flip=noise_flip)
    plt.subplot(rows, cols, 1)
    plt.imshow(img2)

    for i in xrange(n):
        bs2 = to_bitstring(img2)
        bs2.xor(label_bs)
        bs3 = sdm.read(bs2, radius=radius)
        if bs3 == bs2:
            break
        bs3.xor(label_bs)
        img3 = to_img(bs3)
        plt.subplot(rows, cols, i+2)
        plt.imshow(img3)
        img2 = img3









In [13]:






labels = list('ABCD8OQ')
label_to_bs = {}
for x in labels:
    label_to_bs[x] = sdmlib.Bitstring.init_random(1000)









In [14]:






for x in labels:
    print 'Training for label {}...'.format(x)
    fill_memory(x, label_to_bs[x])













Training for label A...
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Training for label B...
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Training for label C...
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Training for label D...
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Training for label 8...
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Training for label O...
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Training for label Q...
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In [15]:






read('C', label_to_bs['C'])
read('C', label_to_bs['D'])
read('C', label_to_bs['O'])
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In [16]:






read('A', label_to_bs['C'], p=0.1)
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In [17]:






read('A', sdmlib.Bitstring.init_random(1000), p=0)
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In [18]:






def intersection(a, b):
    bs1 = to_bitstring(gen_img(letter=a))
    bs2 = to_bitstring(gen_img(letter=b))
    hl1 = set(address_space.scan_thread(bs1, 451, 4))
    hl2 = set(address_space.scan_thread(bs2, 451, 4))
    return len(hl1 & hl2)
print intersection('B', '8')
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3.7. Classification Test #2



In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
from PIL import Image, ImageDraw, ImageFont
import urllib, cStringIO
import random
from IPython.core.display import display, Image as IPythonImage
%matplotlib inline









In [2]:






width = 30
height = 30
noise_flip = True









In [3]:






def gen_img(letter='A'):
    img = Image.new('RGBA', (30, 30), (255, 255, 255))
    font = ImageFont.truetype('Arial.ttf', 30)
    draw = ImageDraw.Draw(img)
    draw.text((5, 0), letter, (0, 0, 0), font=font)
    return img









In [4]:






def gen_noise_add(img, p=0.15, flip=False):
    img2 = img.copy()
    draw = ImageDraw.Draw(img2)
    for py in xrange(height):
        for px in xrange(width):
            if random.random() < p:
                if flip:
                    pixel = img.getpixel((px, py))
                    value = sum([int(x/255+0.5) for x in pixel[:3]])//3
                    assert value == 0 or value == 1
                    value = (1 - value)*255
                    draw.point((px, py), fill=(value, value, value))
                else:
                    draw.point((px, py), fill=(0, 0, 0))
    return img2









In [5]:






img = gen_img();
img2 = gen_noise_add(img, p=0.05, flip=noise_flip)
plt.subplot(1, 2, 1)
plt.imshow(img)
plt.subplot(1, 2, 2)
plt.imshow(img2);
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In [6]:






def to_bitstring(img):
    v = []
    bs = sdmlib.Bitstring.init_ones(1000)
    for py in xrange(height):
        for px in xrange(width):
            pixel = img.getpixel((px, py))
            value = sum([int(x/255+0.5) for x in pixel[:3]])//3
            assert value == 0 or value == 1
            idx = px+width*py
            assert idx >= 0 and idx < 1000, 'Ops {} {} {}'.format(x, y, idx)
            bs.set_bit(idx, value)
            v.append(value)
    v2 = [bs.get_bit(i) for i in xrange(height*width)]
    assert v == v2
    return bs









In [7]:






def to_img(bs):
    img = Image.new('RGBA', (30, 30), (255, 255, 255))
    draw = ImageDraw.Draw(img)
    for py in xrange(height):
        for px in xrange(width):
            idx = px+width*py
            assert idx >= 0 and idx < 1000, 'Ops {} {} {}'.format(x, y, idx)
            x = 255*bs.get_bit(idx)
            draw.point((px, py), fill=(x, x, x))
    return img









In [8]:






bits = 1000
sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_OPENCL









In [9]:






address_space = sdmlib.AddressSpace.init_from_b64_file('sdm-letters.as')
counter = sdmlib.Counter.create_file('sdm-classification-2', bits, sample)
sdm = sdmlib.SDM(address_space, counter, 451, scanner_type)









In [10]:






def fill_memory(letter, label_bs, p=0.1, n=100):
    cols = 15
    rows = n//cols + 1
    plt.figure(figsize=(20,10))
    for i in xrange(n):
        img = gen_img(letter=letter);
        img2 = gen_noise_add(img, p=p, flip=noise_flip)
        #display(img2)
        plt.subplot(rows, cols, i+1)
        plt.imshow(img2)
        bs = to_bitstring(img2)
        sdm.write(bs, label_bs)
    plt.show()









In [11]:






def read(letter, n=6, p=0.2, radius=None):
    n = 7
    cols = 15
    rows = n//cols + 1
    plt.figure(figsize=(20,10))

    img = gen_img(letter=letter);
    img2 = gen_noise_add(img, p=p, flip=noise_flip)
    plt.subplot(rows, cols, 1)
    plt.imshow(img2)

    bs2 = to_bitstring(img2)
    bs3 = sdm.read(bs2, radius=radius)

    label = min(label_to_bs.items(), key=lambda v: bs3.distance_to(v[1]))
    return label[0]









In [12]:






labels = list('ABCD8OQ0')
label_to_bs = {}
for x in labels:
    label_to_bs[x] = sdmlib.Bitstring.init_random(1000)









In [13]:






for x in labels:
    print 'Training for label {}...'.format(x)
    fill_memory(x, label_to_bs[x])













Training for label A...
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Training for label B...
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Training for label C...
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Training for label D...
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Training for label 8...
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Training for label O...
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Training for label Q...
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Training for label 0...
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In [14]:






read('C')









Out[14]:






'C'
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In [15]:






read('A')









Out[15]:






'A'
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In [16]:






read('D')









Out[16]:






'D'
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In [17]:






read('8')









Out[17]:






'8'
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In [18]:






read('B')









Out[18]:






'B'
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In [19]:






read('O')









Out[19]:






'O'
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In [35]:






read('Q')









Out[35]:






'Q'
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In [25]:






read('0')









Out[25]:






'0'
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In [45]:






read('0', p=0.3)









Out[45]:






'0'












[image: ../_images/notebooks_Classification_Test_2_22_1.png]








          

      

      

    

  

    
      
          
            
  


3.8. Classification Test #3


	Generating labels


	Training the SDM


	Testing with high noise


	Testing with low noise


	Testing with no noise






In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
from PIL import Image, ImageDraw, ImageFont
import urllib, cStringIO
import random
from IPython.core.display import display, Image as IPythonImage
%matplotlib inline









In [2]:






width = 31
height = 32
noise_flip = True









In [3]:






def gen_img(letter='A'):
    img = Image.new('RGBA', (width, height), (255, 255, 255))
    font = ImageFont.truetype('Arial.ttf', 30)
    draw = ImageDraw.Draw(img)
    w, h = draw.textsize(letter, font=font)
    top = (height-w)//2
    left = (width-h)//2 if h <= 30 else 30-2-h
    draw.text((top, left), letter, (0, 0, 0), font=font)
    return img









In [4]:






def gen_noise_add(img, p=0.15, flip=False):
    img2 = img.copy()
    draw = ImageDraw.Draw(img2)
    for py in xrange(height):
        for px in xrange(width):
            if random.random() < p:
                if flip:
                    pixel = img.getpixel((px, py))
                    value = sum([int(x/255+0.5) for x in pixel[:3]])//3
                    assert value == 0 or value == 1
                    value = (1 - value)*255
                    draw.point((px, py), fill=(value, value, value))
                else:
                    draw.point((px, py), fill=(0, 0, 0))
    return img2









In [5]:






img = gen_img(letter='R');
img2 = gen_noise_add(img, p=0.05, flip=noise_flip)
plt.subplot(1, 2, 1)
plt.imshow(img)
plt.subplot(1, 2, 2)
plt.imshow(img2);
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In [6]:






def to_bitstring(img):
    v = []
    bs = sdmlib.Bitstring.init_ones(1000)
    for py in xrange(height):
        for px in xrange(width):
            pixel = img.getpixel((px, py))
            value = sum([int(x/255+0.5) for x in pixel[:3]])//3
            assert value == 0 or value == 1
            idx = px+width*py
            assert idx >= 0 and idx < 1000, 'Ops {} {} {}'.format(x, y, idx)
            bs.set_bit(idx, value)
            v.append(value)
    v2 = [bs.get_bit(i) for i in xrange(height*width)]
    assert v == v2
    return bs









In [7]:






def to_img(bs):
    img = Image.new('RGBA', (30, 30), (255, 255, 255))
    draw = ImageDraw.Draw(img)
    for py in xrange(height):
        for px in xrange(width):
            idx = px+width*py
            assert idx >= 0 and idx < 1000, 'Ops {} {} {}'.format(x, y, idx)
            x = 255*bs.get_bit(idx)
            draw.point((px, py), fill=(x, x, x))
    return img









In [8]:






bits = 1000
sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_OPENCL









In [9]:






address_space = sdmlib.AddressSpace.init_from_b64_file('sdm-letters.as')









In [10]:






counter = sdmlib.Counter.create_file('sdm-classification-3', bits, sample)
sdm = sdmlib.SDM(address_space, counter, 451, scanner_type)









In [11]:






def fill_memory(letter, label_bs, p=0.1, n=100):
    cols = 15
    rows = n//cols + 1
    plt.figure(figsize=(20,10))
    for i in xrange(n):
        img = gen_img(letter=letter);
        img2 = gen_noise_add(img, p=p, flip=noise_flip)
        #display(img2)
        plt.subplot(rows, cols, i+1)
        plt.imshow(img2)
        bs = to_bitstring(img2)
        sdm.write(bs, label_bs)
    plt.show()









In [12]:






def read(letter, n=6, p=0.2, radius=None):
    img = gen_img(letter=letter);
    img2 = gen_noise_add(img, p=p, flip=noise_flip)
    plt.imshow(img2)

    bs2 = to_bitstring(img2)
    bs3 = sdm.read(bs2, radius=radius)

    label = min(label_to_bs.items(), key=lambda v: bs3.distance_to(v[1]))
    return label[0]









In [13]:






def iter_read(letter, n=10, p=0.2):
    cols = 15
    rows = n//cols + 1
    plt.figure(figsize=(20,10))

    wrong = 0
    correct = 0
    answers = []
    for i in xrange(n):
        plt.subplot(rows, cols, i+1)
        y = read(x, p=p)
        answers.append(y)
        if x == y:
            correct += 1
        else:
            wrong += 1
    plt.show()
    print '!! {} correct={:2d} wrong={:2d} answers={}'.format(x, correct, wrong, answers)








3.8.1. Generating labels



In [14]:






labels = list('ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopqrstuvwxyz0123456789')
label_to_bs = {}
for x in labels:
    label_to_bs[x] = sdmlib.Bitstring.init_random(1000)










3.8.2. Training the SDM



In [15]:






for x in labels:
    print 'Training for label {}...'.format(x)
    fill_memory(x, label_to_bs[x])













Training for label A...
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Training for label B...
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Training for label C...
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Training for label D...
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Training for label E...
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Training for label F...
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Training for label G...
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Training for label H...
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Training for label I...
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Training for label J...
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Training for label K...
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Training for label L...
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Training for label M...
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Training for label N...
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Training for label O...











[image: ../_images/notebooks_Classification_Test_3_17_29.png]










Training for label P...
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Training for label Q...











[image: ../_images/notebooks_Classification_Test_3_17_33.png]










Training for label R...
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Training for label S...
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Training for label T...
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Training for label U...
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Training for label V...
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Training for label W...
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Training for label X...
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Training for label Y...
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Training for label Z...
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Training for label a...
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Training for label b...
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Training for label c...
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Training for label d...
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Training for label e...
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Training for label f...
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Training for label g...
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Training for label h...
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Training for label i...
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Training for label j...
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Training for label k...
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Training for label l...
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Training for label m...
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Training for label n...
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Training for label o...
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Training for label p...
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Training for label q...
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Training for label r...
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Training for label s...
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Training for label t...
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Training for label u...
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Training for label v...
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Training for label w...
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Training for label x...
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Training for label y...
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Training for label z...
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Training for label 0...
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Training for label 1...
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Training for label 2...
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Training for label 3...











[image: ../_images/notebooks_Classification_Test_3_17_111.png]










Training for label 4...











[image: ../_images/notebooks_Classification_Test_3_17_113.png]










Training for label 5...
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Training for label 6...











[image: ../_images/notebooks_Classification_Test_3_17_117.png]










Training for label 7...
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Training for label 8...
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Training for label 9...
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3.8.3. Testing with high noise



In [16]:






for x in 'ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopqrstuvwxyz0123456789':
    iter_read(x)
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!! A correct=10 wrong= 0 answers=['A', 'A', 'A', 'A', 'A', 'A', 'A', 'A', 'A', 'A']
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!! B correct= 9 wrong= 1 answers=['S', 'B', 'B', 'B', 'B', 'B', 'B', 'B', 'B', 'B']











[image: ../_images/notebooks_Classification_Test_3_19_4.png]










!! C correct=10 wrong= 0 answers=['C', 'C', 'C', 'C', 'C', 'C', 'C', 'C', 'C', 'C']
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!! D correct=10 wrong= 0 answers=['D', 'D', 'D', 'D', 'D', 'D', 'D', 'D', 'D', 'D']
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!! E correct=10 wrong= 0 answers=['E', 'E', 'E', 'E', 'E', 'E', 'E', 'E', 'E', 'E']
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!! F correct=10 wrong= 0 answers=['F', 'F', 'F', 'F', 'F', 'F', 'F', 'F', 'F', 'F']











[image: ../_images/notebooks_Classification_Test_3_19_12.png]










!! G correct=10 wrong= 0 answers=['G', 'G', 'G', 'G', 'G', 'G', 'G', 'G', 'G', 'G']
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!! H correct=10 wrong= 0 answers=['H', 'H', 'H', 'H', 'H', 'H', 'H', 'H', 'H', 'H']
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!! I correct=10 wrong= 0 answers=['I', 'I', 'I', 'I', 'I', 'I', 'I', 'I', 'I', 'I']
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!! J correct=10 wrong= 0 answers=['J', 'J', 'J', 'J', 'J', 'J', 'J', 'J', 'J', 'J']











[image: ../_images/notebooks_Classification_Test_3_19_20.png]










!! K correct=10 wrong= 0 answers=['K', 'K', 'K', 'K', 'K', 'K', 'K', 'K', 'K', 'K']
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!! L correct=10 wrong= 0 answers=['L', 'L', 'L', 'L', 'L', 'L', 'L', 'L', 'L', 'L']
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!! M correct=10 wrong= 0 answers=['M', 'M', 'M', 'M', 'M', 'M', 'M', 'M', 'M', 'M']
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!! N correct=10 wrong= 0 answers=['N', 'N', 'N', 'N', 'N', 'N', 'N', 'N', 'N', 'N']
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!! O correct= 8 wrong= 2 answers=['G', 'G', 'O', 'O', 'O', 'O', 'O', 'O', 'O', 'O']











[image: ../_images/notebooks_Classification_Test_3_19_30.png]










!! P correct=10 wrong= 0 answers=['P', 'P', 'P', 'P', 'P', 'P', 'P', 'P', 'P', 'P']
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!! Q correct=10 wrong= 0 answers=['Q', 'Q', 'Q', 'Q', 'Q', 'Q', 'Q', 'Q', 'Q', 'Q']
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!! R correct=10 wrong= 0 answers=['R', 'R', 'R', 'R', 'R', 'R', 'R', 'R', 'R', 'R']
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!! S correct=10 wrong= 0 answers=['S', 'S', 'S', 'S', 'S', 'S', 'S', 'S', 'S', 'S']
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!! T correct= 9 wrong= 1 answers=['T', 'T', 'T', 'T', 'T', 'I', 'T', 'T', 'T', 'T']
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!! U correct=10 wrong= 0 answers=['U', 'U', 'U', 'U', 'U', 'U', 'U', 'U', 'U', 'U']
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!! V correct=10 wrong= 0 answers=['V', 'V', 'V', 'V', 'V', 'V', 'V', 'V', 'V', 'V']
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!! W correct=10 wrong= 0 answers=['W', 'W', 'W', 'W', 'W', 'W', 'W', 'W', 'W', 'W']
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!! X correct=10 wrong= 0 answers=['X', 'X', 'X', 'X', 'X', 'X', 'X', 'X', 'X', 'X']











[image: ../_images/notebooks_Classification_Test_3_19_48.png]










!! Y correct= 9 wrong= 1 answers=['Y', 'I', 'Y', 'Y', 'Y', 'Y', 'Y', 'Y', 'Y', 'Y']
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!! Z correct=10 wrong= 0 answers=['Z', 'Z', 'Z', 'Z', 'Z', 'Z', 'Z', 'Z', 'Z', 'Z']
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!! a correct=10 wrong= 0 answers=['a', 'a', 'a', 'a', 'a', 'a', 'a', 'a', 'a', 'a']











[image: ../_images/notebooks_Classification_Test_3_19_54.png]










!! b correct= 3 wrong= 7 answers=['o', 'o', 'o', 'b', 'o', 'h', 'h', 'b', 'b', 'o']
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!! c correct= 8 wrong= 2 answers=['c', 'c', 'c', 'c', 'c', 'o', 'c', 'c', 'c', 'o']
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!! d correct=10 wrong= 0 answers=['d', 'd', 'd', 'd', 'd', 'd', 'd', 'd', 'd', 'd']
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!! e correct= 4 wrong= 6 answers=['e', 'o', 'e', 'o', 'o', 'o', 'e', 'o', 'o', 'e']
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!! f correct= 0 wrong=10 answers=['I', 'I', 'I', 'I', 'i', 'I', 'I', 'I', 'I', 'I']
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!! g correct=10 wrong= 0 answers=['g', 'g', 'g', 'g', 'g', 'g', 'g', 'g', 'g', 'g']
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!! h correct=10 wrong= 0 answers=['h', 'h', 'h', 'h', 'h', 'h', 'h', 'h', 'h', 'h']
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!! i correct= 8 wrong= 2 answers=['i', 'i', 'i', 'I', 'i', 'i', 'i', 'i', 'I', 'i']
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!! j correct= 7 wrong= 3 answers=['j', 'j', 'j', 'I', 'I', 'j', 'j', 'j', 'j', 'I']
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!! k correct=10 wrong= 0 answers=['k', 'k', 'k', 'k', 'k', 'k', 'k', 'k', 'k', 'k']
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!! l correct= 0 wrong=10 answers=['I', 'i', 'I', 'I', 'I', 'I', 'i', 'I', 'I', 'i']
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!! m correct=10 wrong= 0 answers=['m', 'm', 'm', 'm', 'm', 'm', 'm', 'm', 'm', 'm']
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!! n correct= 5 wrong= 5 answers=['u', 'n', 'n', 'n', 'n', 'n', 'u', 'u', 'u', 'h']
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!! o correct=10 wrong= 0 answers=['o', 'o', 'o', 'o', 'o', 'o', 'o', 'o', 'o', 'o']
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!! p correct=10 wrong= 0 answers=['p', 'p', 'p', 'p', 'p', 'p', 'p', 'p', 'p', 'p']
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!! q correct= 9 wrong= 1 answers=['q', 'q', 'q', 'q', 'q', 'q', 'q', 'q', 'q', 'g']
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!! r correct=10 wrong= 0 answers=['r', 'r', 'r', 'r', 'r', 'r', 'r', 'r', 'r', 'r']
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!! s correct=10 wrong= 0 answers=['s', 's', 's', 's', 's', 's', 's', 's', 's', 's']
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!! t correct= 0 wrong=10 answers=['I', 'r', 'I', 'i', 'I', 'i', 'i', 'i', 'I', 'i']
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!! u correct=10 wrong= 0 answers=['u', 'u', 'u', 'u', 'u', 'u', 'u', 'u', 'u', 'u']
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!! v correct=10 wrong= 0 answers=['v', 'v', 'v', 'v', 'v', 'v', 'v', 'v', 'v', 'v']
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!! w correct=10 wrong= 0 answers=['w', 'w', 'w', 'w', 'w', 'w', 'w', 'w', 'w', 'w']
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!! x correct=10 wrong= 0 answers=['x', 'x', 'x', 'x', 'x', 'x', 'x', 'x', 'x', 'x']
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!! y correct=10 wrong= 0 answers=['y', 'y', 'y', 'y', 'y', 'y', 'y', 'y', 'y', 'y']
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!! z correct=10 wrong= 0 answers=['z', 'z', 'z', 'z', 'z', 'z', 'z', 'z', 'z', 'z']
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!! 0 correct=10 wrong= 0 answers=['0', '0', '0', '0', '0', '0', '0', '0', '0', '0']
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!! 1 correct= 5 wrong= 5 answers=['1', 'I', '1', 'I', '1', '1', 'I', 'I', '1', 'I']
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!! 2 correct=10 wrong= 0 answers=['2', '2', '2', '2', '2', '2', '2', '2', '2', '2']
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!! 3 correct=10 wrong= 0 answers=['3', '3', '3', '3', '3', '3', '3', '3', '3', '3']
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!! 4 correct=10 wrong= 0 answers=['4', '4', '4', '4', '4', '4', '4', '4', '4', '4']
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!! 5 correct=10 wrong= 0 answers=['5', '5', '5', '5', '5', '5', '5', '5', '5', '5']
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!! 6 correct=10 wrong= 0 answers=['6', '6', '6', '6', '6', '6', '6', '6', '6', '6']
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!! 7 correct= 7 wrong= 3 answers=['7', '7', '7', 'I', '7', 'I', 'I', '7', '7', '7']
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!! 8 correct= 4 wrong= 6 answers=['8', '6', '6', '6', '8', 'd', '8', '8', 'd', '6']
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!! 9 correct= 3 wrong= 7 answers=['9', '0', '6', '0', '9', '0', '0', '9', '0', '0']









3.8.4. Testing with low noise



In [17]:






for x in 'ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopqrstuvwxyz0123456789':
    iter_read(x, p=0.05)
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!! A correct=10 wrong= 0 answers=['A', 'A', 'A', 'A', 'A', 'A', 'A', 'A', 'A', 'A']
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!! B correct=10 wrong= 0 answers=['B', 'B', 'B', 'B', 'B', 'B', 'B', 'B', 'B', 'B']
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!! C correct=10 wrong= 0 answers=['C', 'C', 'C', 'C', 'C', 'C', 'C', 'C', 'C', 'C']
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!! D correct=10 wrong= 0 answers=['D', 'D', 'D', 'D', 'D', 'D', 'D', 'D', 'D', 'D']
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!! E correct=10 wrong= 0 answers=['E', 'E', 'E', 'E', 'E', 'E', 'E', 'E', 'E', 'E']
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!! F correct=10 wrong= 0 answers=['F', 'F', 'F', 'F', 'F', 'F', 'F', 'F', 'F', 'F']
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!! G correct=10 wrong= 0 answers=['G', 'G', 'G', 'G', 'G', 'G', 'G', 'G', 'G', 'G']
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!! H correct=10 wrong= 0 answers=['H', 'H', 'H', 'H', 'H', 'H', 'H', 'H', 'H', 'H']
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!! I correct=10 wrong= 0 answers=['I', 'I', 'I', 'I', 'I', 'I', 'I', 'I', 'I', 'I']
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!! J correct=10 wrong= 0 answers=['J', 'J', 'J', 'J', 'J', 'J', 'J', 'J', 'J', 'J']
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!! K correct=10 wrong= 0 answers=['K', 'K', 'K', 'K', 'K', 'K', 'K', 'K', 'K', 'K']
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!! L correct=10 wrong= 0 answers=['L', 'L', 'L', 'L', 'L', 'L', 'L', 'L', 'L', 'L']
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!! M correct=10 wrong= 0 answers=['M', 'M', 'M', 'M', 'M', 'M', 'M', 'M', 'M', 'M']
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!! N correct=10 wrong= 0 answers=['N', 'N', 'N', 'N', 'N', 'N', 'N', 'N', 'N', 'N']
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!! O correct=10 wrong= 0 answers=['O', 'O', 'O', 'O', 'O', 'O', 'O', 'O', 'O', 'O']
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!! P correct=10 wrong= 0 answers=['P', 'P', 'P', 'P', 'P', 'P', 'P', 'P', 'P', 'P']
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!! Q correct=10 wrong= 0 answers=['Q', 'Q', 'Q', 'Q', 'Q', 'Q', 'Q', 'Q', 'Q', 'Q']
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!! R correct=10 wrong= 0 answers=['R', 'R', 'R', 'R', 'R', 'R', 'R', 'R', 'R', 'R']
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!! S correct=10 wrong= 0 answers=['S', 'S', 'S', 'S', 'S', 'S', 'S', 'S', 'S', 'S']
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!! T correct=10 wrong= 0 answers=['T', 'T', 'T', 'T', 'T', 'T', 'T', 'T', 'T', 'T']
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!! U correct=10 wrong= 0 answers=['U', 'U', 'U', 'U', 'U', 'U', 'U', 'U', 'U', 'U']
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!! V correct=10 wrong= 0 answers=['V', 'V', 'V', 'V', 'V', 'V', 'V', 'V', 'V', 'V']
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!! W correct=10 wrong= 0 answers=['W', 'W', 'W', 'W', 'W', 'W', 'W', 'W', 'W', 'W']
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!! X correct=10 wrong= 0 answers=['X', 'X', 'X', 'X', 'X', 'X', 'X', 'X', 'X', 'X']
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!! Y correct=10 wrong= 0 answers=['Y', 'Y', 'Y', 'Y', 'Y', 'Y', 'Y', 'Y', 'Y', 'Y']
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!! Z correct=10 wrong= 0 answers=['Z', 'Z', 'Z', 'Z', 'Z', 'Z', 'Z', 'Z', 'Z', 'Z']
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!! a correct=10 wrong= 0 answers=['a', 'a', 'a', 'a', 'a', 'a', 'a', 'a', 'a', 'a']
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!! b correct= 7 wrong= 3 answers=['b', 'b', 'b', 'h', 'b', 'o', 'b', 'h', 'b', 'b']
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!! c correct=10 wrong= 0 answers=['c', 'c', 'c', 'c', 'c', 'c', 'c', 'c', 'c', 'c']
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!! d correct=10 wrong= 0 answers=['d', 'd', 'd', 'd', 'd', 'd', 'd', 'd', 'd', 'd']
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!! e correct= 9 wrong= 1 answers=['e', 'e', 'e', 'e', 'e', 'e', 'e', 'e', 'o', 'e']
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!! f correct= 6 wrong= 4 answers=['i', 'f', 'f', 'I', 'I', 'I', 'f', 'f', 'f', 'f']
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!! g correct=10 wrong= 0 answers=['g', 'g', 'g', 'g', 'g', 'g', 'g', 'g', 'g', 'g']
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!! h correct=10 wrong= 0 answers=['h', 'h', 'h', 'h', 'h', 'h', 'h', 'h', 'h', 'h']
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!! i correct=10 wrong= 0 answers=['i', 'i', 'i', 'i', 'i', 'i', 'i', 'i', 'i', 'i']
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!! j correct=10 wrong= 0 answers=['j', 'j', 'j', 'j', 'j', 'j', 'j', 'j', 'j', 'j']
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!! k correct=10 wrong= 0 answers=['k', 'k', 'k', 'k', 'k', 'k', 'k', 'k', 'k', 'k']
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!! l correct= 0 wrong=10 answers=['i', 'i', 'i', 'i', 'i', 'i', 'i', 'i', 'i', 'i']
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!! m correct=10 wrong= 0 answers=['m', 'm', 'm', 'm', 'm', 'm', 'm', 'm', 'm', 'm']











[image: ../_images/notebooks_Classification_Test_3_21_78.png]










!! n correct=10 wrong= 0 answers=['n', 'n', 'n', 'n', 'n', 'n', 'n', 'n', 'n', 'n']
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!! o correct=10 wrong= 0 answers=['o', 'o', 'o', 'o', 'o', 'o', 'o', 'o', 'o', 'o']
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!! p correct=10 wrong= 0 answers=['p', 'p', 'p', 'p', 'p', 'p', 'p', 'p', 'p', 'p']
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!! q correct=10 wrong= 0 answers=['q', 'q', 'q', 'q', 'q', 'q', 'q', 'q', 'q', 'q']
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!! r correct=10 wrong= 0 answers=['r', 'r', 'r', 'r', 'r', 'r', 'r', 'r', 'r', 'r']
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!! s correct=10 wrong= 0 answers=['s', 's', 's', 's', 's', 's', 's', 's', 's', 's']
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!! t correct= 9 wrong= 1 answers=['t', 't', 't', 't', 't', 't', 't', 'i', 't', 't']
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!! u correct=10 wrong= 0 answers=['u', 'u', 'u', 'u', 'u', 'u', 'u', 'u', 'u', 'u']
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!! v correct=10 wrong= 0 answers=['v', 'v', 'v', 'v', 'v', 'v', 'v', 'v', 'v', 'v']
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!! w correct=10 wrong= 0 answers=['w', 'w', 'w', 'w', 'w', 'w', 'w', 'w', 'w', 'w']
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!! x correct=10 wrong= 0 answers=['x', 'x', 'x', 'x', 'x', 'x', 'x', 'x', 'x', 'x']
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!! y correct=10 wrong= 0 answers=['y', 'y', 'y', 'y', 'y', 'y', 'y', 'y', 'y', 'y']
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!! z correct=10 wrong= 0 answers=['z', 'z', 'z', 'z', 'z', 'z', 'z', 'z', 'z', 'z']











[image: ../_images/notebooks_Classification_Test_3_21_104.png]










!! 0 correct=10 wrong= 0 answers=['0', '0', '0', '0', '0', '0', '0', '0', '0', '0']
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!! 1 correct=10 wrong= 0 answers=['1', '1', '1', '1', '1', '1', '1', '1', '1', '1']
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!! 2 correct=10 wrong= 0 answers=['2', '2', '2', '2', '2', '2', '2', '2', '2', '2']
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!! 3 correct=10 wrong= 0 answers=['3', '3', '3', '3', '3', '3', '3', '3', '3', '3']











[image: ../_images/notebooks_Classification_Test_3_21_112.png]










!! 4 correct=10 wrong= 0 answers=['4', '4', '4', '4', '4', '4', '4', '4', '4', '4']
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!! 5 correct=10 wrong= 0 answers=['5', '5', '5', '5', '5', '5', '5', '5', '5', '5']
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!! 6 correct=10 wrong= 0 answers=['6', '6', '6', '6', '6', '6', '6', '6', '6', '6']
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!! 7 correct=10 wrong= 0 answers=['7', '7', '7', '7', '7', '7', '7', '7', '7', '7']
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!! 8 correct= 9 wrong= 1 answers=['8', '6', '8', '8', '8', '8', '8', '8', '8', '8']
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!! 9 correct= 7 wrong= 3 answers=['9', '9', '0', '9', '9', '9', '0', '0', '9', '9']









3.8.5. Testing with no noise



In [18]:






for x in 'ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopqrstuvwxyz0123456789':
    iter_read(x, p=0, n=1)
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!! A correct= 1 wrong= 0 answers=['A']











[image: ../_images/notebooks_Classification_Test_3_23_2.png]










!! B correct= 1 wrong= 0 answers=['B']
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!! C correct= 1 wrong= 0 answers=['C']
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In [14]:






from __future__ import print_function
from math import factorial, log, exp
import matplotlib.pyplot as plt
from sdm import utils
import sys









In [3]:






sys.setrecursionlimit(20000)









In [25]:






def binom(a, b):
    return factorial(a) // factorial(b) // factorial(a-b)









In [26]:






_cache = {}
def binom(a, b):
    if b == 0:
        return 1
    if b < 0:
        return 0
    if b > a:
        return 0

    key = (a, b)
    if key in _cache:
        return _cache[key]

    r = binom(a-1, b) + binom(a-1, b-1)
    _cache[key] = r
    return r









In [27]:






def calc_p(n, r):
    a = sum(binom(n-1, k) for k in range(r+1))
    b = sum(binom(n, k) for k in range(r+1))
    return exp(mylog(a) - mylog(b))
    return 1.0*a/b









In [ ]:






calc_p(10000, 4845)









In [7]:






def mylog(a):
    s = str(a)
    d = len(s)
    b = float(s[0] + '.' + s[1:])
    return log(b) + (d-1) * log(10)


def run(bits, steps):
    x = list(range(0, bits, steps))
    y = []

    a = 0
    b = 0

    for r in range(0, bits):
        print(r, end=' ')
        a += binom(bits-1, r)
        b += binom(bits, r)

        #y.append(1.0*a/b)
        if r % steps == 0:
            y.append(exp(mylog(a) - mylog(b)))

    return x, y









In [8]:






v = []
for bits, steps in [(256, 1), (1000, 1), (2000, 1)]:
    x, y = run(bits, steps)
    v.append((bits, x, y))
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In [19]:






plt.figure(figsize=(8, 6), dpi=300)

for bits, x, y in v:
    radius = utils.calculate_radius(bits, 0.001)
    plt.plot([1.0*a/bits for a in x], y, label='{} ($r={}$, $r/n={:.4f}$)'.format(bits, radius, 1.0*radius/bits))

plt.xlabel('Radius (percent)')
plt.ylabel('Autocorrelation')
plt.xlim([0.4, 0.6])
plt.ylim([0.48, 0.62])
plt.grid()
plt.legend();
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In [2]:






from __future__ import print_function
import sdm as sdmlib
from sdm import utils
import matplotlib.pyplot as plt









In [3]:






bits = 1000
radius = 451 #utils.calculate_radius(bits)
sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_OPENCL

H = sample
p1 = utils.calculate_probability(bits, radius)
h = p1*H
s = 10000
theta = s * h / H

print('H', H)
print('p1', p1)
print('h', h)
print('s', s)
print('theta', theta)













H 1000000
p1 0.001071850048924452
h 1071.850048924452
s 10000
theta 10.718500489244521








In [4]:






from math import factorial, log, exp
binom = lambda a, b: factorial(a) // factorial(b) // factorial(a - b)
a = sum(binom(bits-1, k) for k in range(0, radius+1))
b = sum(binom(bits, k) for k in range(0, radius+1))
#print(a)
#print(b)
p = 1.0*a/b
print('p', p)













p 0.552905498137








In [5]:






address_space = sdmlib.AddressSpace.init_random(bits, sample)
counter = sdmlib.Counter.init_zero(bits, sample)
sdm = sdmlib.SDM(address_space, counter, radius, scanner_type)









In [6]:






def write(n=1000, prefix=''):
    print('{}Writing {} random bitstrings... '.format(prefix, n), end='')
    for i in range(n):
        if i%20 == 0:
          print('!', end='')

        b1 = sdmlib.Bitstring.init_random(bits)
        #b2 = sdmlib.Bitstring.init_random(bits)
        sdm.write(b1, b1)
    print('')
    return n









In [7]:






write(s)













Writing 10000 random bitstrings... !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!








Out[7]:






10000









In [30]:






v1 = []
for i in range(sample):
    if (i+1)%10000 == 0:
        print(i+1, end=' ')
    bs1 = address_space.get_bitstring(i)
    bs2 = counter.to_bitstring(i)
    v1.append(bits - bs1.distance_to(bs2))

    #bs1 = address_space.get_bitstring(i)
    #cnt = 0
    #for j, x in enumerate(counter.get_counter(i)):
    #    b = bs1.get_bit(j)
    #    if b == 1 and x >= 0:
    #        cnt += 1
    #    elif b == 0 and x <= 0:
    #        cnt += 1
    #v1.append(cnt)













10000 20000 30000 40000 50000 60000 70000 80000 90000 100000 110000 120000 130000 140000 150000 160000 170000 180000 190000 200000 210000 220000 230000 240000 250000 260000 270000 280000 290000 300000 310000 320000 330000 340000 350000 360000 370000 380000 390000 400000 410000 420000 430000 440000 450000 460000 470000 480000 490000 500000 510000 520000 530000 540000 550000 560000 570000 580000 590000 600000 610000 620000 630000 640000 650000 660000 670000 680000 690000 700000 710000 720000 730000 740000 750000 760000 770000 780000 790000 800000 810000 820000 830000 840000 850000 860000 870000 880000 890000 900000 910000 920000 930000 940000 950000 960000 970000 980000 990000 1000000








In [ ]:






[(i, x) for i, x in enumerate(v1) if x > 775]









In [ ]:






idx = 788
bs1 = address_space.get_bitstring(idx)
bs2 = counter.to_bitstring(idx)
bs_cnt = counter.get_counter(idx)
d = bs1.distance_to(bs2)
print('bits different', d)
print('bits equal', bits-d)
print('zeros', bs_cnt.count(0))
cnt = 0
for i, (a, b, c) in enumerate(zip(bs1.to_binary(), bs2.to_binary(), bs_cnt)):
    if c != 0:
        if a == b:
            cnt += 1
    #print('{:4d}'.format(i), a, b, '{:+4}'.format(c), '< {}'.format(cnt) if a != b else '')
    #if a != b:
    #    cnt += 1
print('!!', cnt)









In [31]:






plt.figure(figsize=(8, 6), dpi=300)
bins = plt.hist(v1, bins=range(int(min(v1)), int(max(v1))+1), density=True);
mu = 1.0*sum(v1)/len(v1)
sigma = (sum((x - mu)**2 for x in v1)/len(v1))**0.5

plt.axvline(mu, color='k', label='$\mu = {:.4f}$'.format(mu))
plt.xlabel('Number of counters aligned to the hard location\'s bits')
plt.ylabel('Histogram')
#plt.xlim(500, 780)

print(mu, sigma**2)

tmp_p = 0.6354186414381007
mu = tmp_p*1000
sigma = tmp_p*(1-tmp_p)*1000
sigma = sigma**0.5
print(mu, sigma**2)

import numpy as np
import matplotlib.mlab as mlab
#from scipy.stats import binom
x_values = np.linspace(min(v1), max(v1)+1, 1000)
y_values = mlab.normpdf(x_values, mu, sigma)
#x_values = list(range(min(v1), max(v1)+1))
#y_values = binom.pmf(x_values, 1000, p)
plt.plot([x+0.5 for x in x_values], y_values, 'r', linewidth=2.0, label='Binom($n=1000$, $p={:.4f}$)'.format(tmp_p))

plt.legend();













634.08653 524.626192549
635.418641438 231.661791551
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In [ ]:






v2 = []
bs1 = sdmlib.Bitstring.init_zeros(bits)
for i in range(sample):
    bs2 = address_space.get_bitstring(i)
    v2.append(bs1.distance_to(bs2))









In [ ]:






plt.figure(figsize=(8, 6), dpi=300)
plt.hist(v2, bins='fd', density=True);









In [ ]:






v3 = []
for _ in range(100):
    bs1 = sdmlib.Bitstring.init_random(bits)
    selected = address_space.scan_opencl2(bs1, radius)
    for idx in selected:
        bs2 = address_space.get_bitstring(idx)
        v3.append(bs1.distance_to(bs2))









In [ ]:






plt.figure(figsize=(8, 6), dpi=300)
plt.hist(v3, bins=max(v3)-min(v3)+1, density=True);
1.0*sum(v3)/len(v3)









In [10]:






v4 = []
for i in range(1000):
    bs1 = address_space.get_bitstring(i)
    cnt1 = counter.get_counter(i)
    for j in range(bits):
        if bs1.get_bit(j) == 1:
            v4.append(cnt1[j])









In [11]:






plt.figure(figsize=(8, 6), dpi=300)

mu = 1.0*sum(v4)/len(v4)
var = sum((x-mu)**2 for x in v4)/len(v4)
bins = plt.hist(v4, bins=range(min(v4), max(v4)+1), density=True, label='$\mu = {:.4f}$, $\sigma^2 = {:.4f}$'.format(mu, var));
print(1.0*sum(v4)/len(v4))

print('len', len(v4))
print('zero', v4.count(0))

plt.axvline(0, color='k')
plt.axvline(1, color='k')
plt.xlabel('Value of cnt$_i$ for addr$_i$=1')
plt.ylabel('Histogram')

mu1 = (2*p - 1) * theta
var1 = p * (1 - p) * theta + p*p * s*s/H * p1 * (1-p1)
var1 = 4 * var1

import numpy as np
import matplotlib.mlab as mlab
from scipy import stats
x_values = np.linspace(-15, 16, 100)
y_values = mlab.normpdf(x_values, mu, var1**0.5)
plt.plot([x+0.5 for x in x_values], y_values, 'r', linewidth=2.0);
print(stats.norm.cdf(0, mu, var1**0.5))

plt.grid()
plt.legend()













1.13727415515
len 501063
zero 57451
0.36422136002224337








Out[11]:






<matplotlib.legend.Legend at 0x106c93b50>
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In [50]:






import random
v5_bs = []
v5 = []
v6 = []
v5_1 = []
v5_2 = []
k = 0
bit_value = 1
while k < 2000:
    bs1 = sdmlib.Bitstring.init_random(bits)
    bit_idx = random.randint(0, bits-1)
    v5_bs.append(bs1)
    if bs1.get_bit(bit_idx) != bit_value:
        continue
    if (k+1)%1000 == 0:
        print(k+1, end=' ')
    k += 1
    selected = address_space.scan_opencl2(bs1, radius)
    acc = 0
    cnt1 = 0
    v = []
    for idx in selected:
        bs2 = address_space.get_bitstring(idx)
        if bs2.get_bit(bit_idx) == bit_value:
            cnt1 += 1
            cnt = counter.counter[idx][bit_idx]
            v5_1.append(cnt)
            v.append(cnt)
            acc += cnt
    v5.append(acc)
    v5_2.append(v)
    v6.append(cnt1)













1000 2000








In [52]:






plt.figure(figsize=(8, 6), dpi=300)

plt.hist(v5_1, bins=range(min(v5_1), max(v5_1)+1), density=True, alpha=1);

plt.xlabel('Value of cnt$_i$ for addr$_i$=1')
plt.ylabel('Histogram')

print(sum(v5_1), len(v5_1), len(v5))
print(1.0*sum(v5_1)/len(v5_1))
print(mu1, var1**0.5)

plt.axvline(1.0*sum(v5_1)/len(v5_1)+0.5, color='k')

import numpy as np
import matplotlib.mlab as mlab
from scipy import stats
x_values = np.linspace(-15, 16, 100)
y_values = mlab.normpdf(x_values, mu1, var1**0.5)
plt.plot([x+0.5 for x in x_values], y_values, 'r', linewidth=2.0);













1338780 1184709 2000
1.13004965776
1.1341352153317654 3.2755799144879765
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In [53]:






plt.figure(figsize=(8, 6), dpi=300)

lo = mu1 - 3*((var1/len(v5_2))**0.5)
hi = mu1 + 3*((var1/len(v5_2))**0.5)

#print(len(v5_2[3]))
max_items = 7
cnt = 0
for i, v in enumerate(v5_2):
    mu = 1.0*sum(v)/len(v)
    if lo < mu < hi:
        continue
    cnt += 1
    if max_items == 0:
        continue
    var = sum((x-mu)**2 for x in v)/len(v)
    bins = plt.hist(v, bins=range(min(v), max(v)+1), density=True, alpha=0.2, label='[{}] $\mu = {:.4f}$, $\sigma^2 = {:.4f}$'.format(i, mu, var));
    max_items -= 1
    #print(mu)
    #print((2*prob_xi_yi-1) * 10000 * 1071.85 / 1000000)

print('cnt', cnt)

plt.axvline(mu1+0.5, color='k')
plt.xlabel('Value of cnt$_i$ for addr$_i$=1')
plt.ylabel('Histogram')

import numpy as np
import matplotlib.mlab as mlab
from scipy import stats
x_values = np.linspace(-15, 16, 100)
y_values = mlab.normpdf(x_values, mu1, var1**0.5)
plt.plot([x+0.5 for x in x_values], y_values, 'r', linewidth=2.0);

print(mu1, var1)

plt.legend();













cnt 437
1.1341352153317654 10.72942377619706
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In [54]:






for i in range(len(v5)):
    assert sum(v5_2[i]) == v5[i]
print('Ok!')













Ok!








In [55]:






plt.figure(figsize=(8, 6), dpi=300)

idx = 37
v = v5_2[idx]
print(1.0*sum(v)/len(v), sum(v), len(v))
plt.hist(v, bins=range(min(v), max(v)+1), density=True);

x_values = np.linspace(-15, 16, 100)
y_values = mlab.normpdf(x_values, mu1, var1**0.5)
plt.plot([x+0.5 for x in x_values], y_values, 'r', linewidth=2.0);
plt.grid()

#v.sort()
#print(v)
print(1.0*v.count(5)/len(v))













0.998278829604 580 581
0.0464716006885
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In [56]:






plt.figure(figsize=(8, 6), dpi=300)

mu = 1.0*sum(v5)/len(v5)
var = sum((x-mu)**2 for x in v5)/len(v5)
bins = plt.hist(v5, bins='fd', density=True, label='$\mu = {:.2f}$, $\sigma^2 = {:.2f}$'.format(mu, var));
print(mu, var)

plt.ylabel('Histogram')

if (mu > 0):
    # eta_i = 1, addr_i = 1
    print('AQUI')
    mu2 = mu1 * p*h
    var2 = var1 * p * h + mu1*mu1*(h*p*(p-1) + p*p*h*(1-p1))
    plt.xlabel('Valur of cnt$_i$ for addr$_i$=1 and $\eta_i$=1')

else:
    # eta_i = 1, addr_i = 0
    mu2 = -mu1 * (1-p) * h
    var2 = var1 * (1-p) * h + mu1 * (h*p*(p-1) + (1-p)*(1-p)*H*p1*(1-p1))
    plt.xlabel('Valur of cnt$_i$ for addr$_i$=0 and $\eta_i$=1')


import numpy as np
import matplotlib.mlab as mlab
x_values = np.linspace(mu2-4*(var2**0.5), mu2+4*(var2**0.5), 1000)
y_values = mlab.normpdf(x_values, mu2, var2**0.5)
plt.plot(x_values, y_values, 'r', linewidth=2.0, label='N($\mu={:.2f}, \sigma^2={:.2f}$)'.format(mu2, var2));

plt.grid()
print(mu2, var2)
plt.legend()













669.39 11804.0069
AQUI
672.1245773529298 6438.803437867926








Out[56]:






<matplotlib.legend.Legend at 0x20ba8ba50>
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In [ ]:






plt.figure(figsize=(8, 6), dpi=300)
# bins=range(min(v6), max(v6)+1)
plt.hist(v6, bins='fd', density=True);
mu = 1.0*sum(v6)/len(v6)
var = sum((x-mu)**2 for x in v6)/len(v6)
print(mu, var**0.5)

mu = h*p
sigma = h*p*(1-p) + p*p*H*p1*(1-p1)
sigma = sigma**0.5

print('theory', mu, sigma)

x_values = np.linspace(min(v6), max(v6)+1, 1000)
y_values = mlab.normpdf(x_values, mu, sigma)
plt.plot(x_values, y_values, 'r', linewidth=2.0);

plt.xlabel('Number of activated hard locations with the same bit as the reading address')
plt.ylabel('Histogram')









In [60]:






v7 = []
v8 = []
k = 0
while k < 4000:
    bs1 = sdmlib.Bitstring.init_random(bits)
    bit_idx = random.randint(0, bits-1)
    if bs1.get_bit(bit_idx) != 0:
        continue
    k += 1
    selected = address_space.scan_opencl2(bs1, radius)
    acc = 0
    cnt = 0
    for idx in selected:
        #bs2 = address_space.get_bitstring(idx)
        acc += counter.counter[idx][bit_idx]
    v7.append(acc)
    v8.append(1.0*cnt/len(selected))









In [62]:






plt.figure(figsize=(8, 6), dpi=300)

mu = 1.0*sum(v7)/len(v7)
var = sum((x-mu)**2 for x in v7)/len(v7)
#bins = range(min(v7), max(v7)+1)
bins = plt.hist(v7, bins='fd', density=True, label='$\mu = {:.2f}$, $\sigma^2 = {:.2f}$'.format(mu, var));
print(mu, var)

plt.axvline(mu+0.5, color='k')
plt.ylabel('Histogram')

mu3 = -(2*p-1) * (2*p-1) * theta * h
var3 = (var1 * p * h + mu1*mu1*(h*p*(p-1) + p*p*h*(1-p1))) + (var1 * (1-p) * h + mu1*mu1*(h*p*(p-1) + (1-p)*(1-p)*h*(1-p1)))
#var3 = 2.4*var3
#var3 = 27838.3029124
plt.xlabel('Valur of cnt$_i$ for $\eta_i$=1')

import numpy as np
import matplotlib.mlab as mlab
x_values = np.linspace(mu3-4*(var3**0.5), mu3+4*(var3**0.5), 1000)
y_values = mlab.normpdf(x_values, mu3, var3**0.5)
plt.plot(x_values, y_values, 'r', linewidth=2.0, label='N($\mu={:.2f}, \sigma^2={:.2f}$)'.format(mu3, var3));

print(mu3, var3)
plt.grid()
plt.legend()













-128.8165 29298.6653277
-128.626268665563 11515.021921381147








Out[62]:






<matplotlib.legend.Legend at 0x20adc7dd0>
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In [ ]:






p
#sum(x for x, y in zip(bins[0], bins[1]) if y < 0)









In [25]:






v9 = []
for i in range(2000):
    bs1 = sdmlib.Bitstring.init_random(bits)
    bs2 = sdm.read(bs1)
    v9.append(bs1.distance_to(bs2))









In [34]:






plt.figure(figsize=(8, 6), dpi=300)
mu = sum(v9)/len(v9)
var = sum((x-mu)**2 for x in v9)/len(v9)
plt.hist(v9, bins='fd', density=True, label='$\mu={:.2f}, \sigma^2={:.2f}$'.format(mu, var));
print(mu, var)

plt.xlabel('Distance from $\eta$ and $read(\eta)$')
plt.ylabel('Histogram')

tmp_p = 0.22037771219874325
#p = 0.1137518032308093
#p = 0.1993037279155528
mu = 1000*tmp_p
sigma = (1000*tmp_p*(1-tmp_p))**0.5

print(mu, sigma**2)

x_values = np.linspace(mu-4*sigma, mu+4*sigma, 1000)
y_values = mlab.normpdf(x_values, mu, sigma)
plt.plot(x_values, y_values, 'r', linewidth=2.0, label='N$(\mu={:.1f}, \sigma^2={:.1f})$'.format(mu, sigma**2));

plt.legend();













221 164
220.377712199 171.811376165
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In [ ]:






print('oi')









          

      

      

    

  

    
      
          
            
  



In [26]:






from __future__ import print_function
from IPython.display import clear_output
import sdm as sdmlib
from sdm import utils
from scipy.stats import binom
%matplotlib inline








	d = distance to the target


	h = number of activated hardlocations


	s = total stored bitstrings


	H = number of hardlocations


	w = number of times the target bitstring has been written






In [2]:






_phi_fn_cache = {}









In [10]:






def phi_fn(n, H, r, d, steps=500):
    key = (n, H, r, d, steps)
    if key in _phi_fn_cache:
        return _phi_fn_cache[key]
    v = []
    for _ in range(steps):
        bs1 = sdmlib.Bitstring.init_random(n)
        bs2 = bs1.copy()
        bs2.flip_random_bits(d)
        selected1 = address_space.scan_thread2(bs1, r)
        selected2 = address_space.scan_thread2(bs2, r)
        x = len(set(selected1) & set(selected2))
        v.append(x)
    mu = 1.0*sum(v)/len(v)
    _phi_fn_cache[key] = mu
    return mu









In [4]:






def prob_wrong_bit0(h, H, s, w, d, phi, theta):
    x = 1.0*s*h*h/(2*H)
    return 1 - binom.cdf(x, theta, 0.5)









In [5]:






def prob_wrong_bit1(h, H, s, w, d, phi, theta):
    x = s*h*h/(2*H)-w*phi
    return binom.cdf(x, theta, 0.5)









In [14]:






def prob_wrong(n, h, H, s, w, d, phi_steps=500):
    phi = phi_fn(n, H, r, d, steps=phi_steps)
    theta = 1.0*s*h*h/H - w*phi
    p0 = prob_wrong_bit0(h, H, s, w, d, phi, theta)
    p1 = prob_wrong_bit1(h, H, s, w, d, phi, theta)
    return (p0+p1)/2.0









In [77]:






n = 1000
r = 451
H = 1000000
s = 10000
w = 1
phi_steps=5









In [12]:






p = utils.calculate_probability(n, r)
h = p*H
address_space = sdmlib.AddressSpace.init_random(n, H)









In [78]:






distances = list(range(0, n+1))
y_values = []
err_values = []
for d in distances:
    clear_output(wait=True)
    print('Calculating for d={}... '.format(d), end='')
    y = prob_wrong(n=n, h=h, H=H, s=s, w=w, d=d, phi_steps=phi_steps)
    err = abs(y - 1.0*d/n)
    print(y, err)
    y_values.append(y)
    err_values.append(err)













Calculating for d=1000... 0.5 0.5








In [87]:






import matplotlib.pyplot as plt
plt.figure(figsize=(6, 6), dpi=300)
plt.plot(distances, [n*y for y in y_values])
plt.plot(distances, distances, 'k')
plt.plot(distances, [n//2 for _ in distances], 'k:')
plt.xlim(0, n)
plt.ylim(0, n)
plt.show()
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In [91]:






mid = 209
import matplotlib.pyplot as plt
plt.figure(figsize=(6, 6), dpi=300)
plt.plot(distances, [n*y for y in y_values])
plt.plot(distances, distances, 'k')
plt.plot(distances, [n//2 for _ in distances], 'k:')
plt.xlim(mid-30, mid+30)
plt.ylim(0, n)
plt.show()
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In [92]:






import matplotlib.pyplot as plt
plt.figure(figsize=(8, 6), dpi=300)
plt.plot(distances[:n//2+1], err_values[:n//2+1])
plt.show()
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In [26]:






from sdm.utils import calculate_probabilities









In [29]:






bits = 256
cdf = calculate_probabilities(bits)









In [30]:






for idx, p in enumerate(cdf):
    if p > 0.001:
        break

print 'Radius: {} (p={:.6f})'.format(idx, cdf[idx])
print ''

for i in range(idx-5, idx+5):
    print i, cdf[i]













Radius: 103 (p=0.001067)

98 0.000106566561594
99 0.000174241902136
100 0.000280492186788
101 0.000444601537339
102 0.000693983393569
103 0.00106684558638
104 0.00161538323541
105 0.0024094567845
106 0.00354063702894
107 0.00512640372676








          

      

      

    

  

    
      
          
            
  



In [5]:






from sdm import Bitstring
import matplotlib.pyplot as plt









In [2]:






bits = 1000









In [67]:






distances = []
for _ in range(10000):
    v1 = Bitstring.init_random(bits)
    v2 = Bitstring.init_random(bits)

    a = Bitstring.init_random(bits)
    b = a.copy()
    b.flip_random_bits(800)

    chunck_a = a ^ v1
    chunck_b = b ^ v2

    dist = chunck_a.distance_to(chunck_b)
    distances.append(dist)









In [68]:






print(1.0*sum(distances)/len(distances))













500.079








In [69]:






plt.hist(distances, bins='fd');
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Classification Test #3


	Generating labels


	Training the SDM


	Testing with high noise


	Testing with low noise


	Testing with no noise






In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
from PIL import Image, ImageDraw, ImageFont
import urllib, cStringIO
import random
from IPython.core.display import display, Image as IPythonImage
%matplotlib inline









In [2]:






width = 31
height = 32
noise_flip = True









In [3]:






def gen_img(letter='A'):
    img = Image.new('RGBA', (width, height), (255, 255, 255))
    font = ImageFont.truetype('Arial.ttf', 30)
    draw = ImageDraw.Draw(img)
    w, h = draw.textsize(letter, font=font)
    top = (height-w)//2
    left = (width-h)//2 if h <= 30 else 30-2-h
    draw.text((top, left), letter, (0, 0, 0), font=font)
    return img









In [4]:






def gen_noise_add(img, p=0.15, flip=False):
    img2 = img.copy()
    draw = ImageDraw.Draw(img2)
    for py in xrange(height):
        for px in xrange(width):
            if random.random() < p:
                if flip:
                    pixel = img.getpixel((px, py))
                    value = sum([int(x/255+0.5) for x in pixel[:3]])//3
                    assert value == 0 or value == 1
                    value = (1 - value)*255
                    draw.point((px, py), fill=(value, value, value))
                else:
                    draw.point((px, py), fill=(0, 0, 0))
    return img2









In [5]:






img = gen_img(letter='A');
img2 = gen_noise_add(img, p=0.05, flip=noise_flip)
plt.subplot(1, 2, 1)
plt.imshow(img)
plt.subplot(1, 2, 2)
plt.imshow(img2);
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In [6]:






def to_bitstring(img):
    v = []
    bs = sdmlib.Bitstring.init_ones(1000)
    for py in xrange(height):
        for px in xrange(width):
            pixel = img.getpixel((px, py))
            value = sum([int(x/255+0.5) for x in pixel[:3]])//3
            assert value == 0 or value == 1
            idx = px+width*py
            assert idx >= 0 and idx < 1000, 'Ops {} {} {}'.format(x, y, idx)
            bs.set_bit(idx, value)
            v.append(value)
    v2 = [bs.get_bit(i) for i in xrange(height*width)]
    assert v == v2
    return bs









In [7]:






def to_img(bs):
    img = Image.new('RGBA', (30, 30), (255, 255, 255))
    draw = ImageDraw.Draw(img)
    for py in xrange(height):
        for px in xrange(width):
            idx = px+width*py
            assert idx >= 0 and idx < 1000, 'Ops {} {} {}'.format(x, y, idx)
            x = 255*bs.get_bit(idx)
            draw.point((px, py), fill=(x, x, x))
    return img









In [8]:






bits = 1000
sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_THREAD









In [9]:






address_space = sdmlib.AddressSpace.init_from_b64_file('sdm-letters.as')









In [10]:






counter = sdmlib.Counter.create_file('sdm-classification-3', bits, sample)
sdm = sdmlib.SDM(address_space, counter, 451, scanner_type)









In [11]:






def fill_memory(letter, label_bs, p=0.1, n=100):
    cols = 15
    rows = n//cols + 1
    plt.figure(figsize=(20,10))
    for i in xrange(n):
        img = gen_img(letter=letter);
        img2 = gen_noise_add(img, p=p, flip=noise_flip)
        #display(img2)
        plt.subplot(rows, cols, i+1)
        plt.imshow(img2)
        bs = to_bitstring(img2)
        sdm.write(bs, label_bs)
    plt.show()









In [12]:






def read(letter, n=6, p=0.2, radius=None):
    img = gen_img(letter=letter);
    img2 = gen_noise_add(img, p=p, flip=noise_flip)
    plt.imshow(img2)

    bs2 = to_bitstring(img2)
    bs3 = sdm.read(bs2, radius=radius)

    label = min(label_to_bs.items(), key=lambda v: bs3.distance_to(v[1]))
    return label[0]









In [13]:






def iter_read(letter, n=10, p=0.2):
    cols = 15
    rows = n//cols + 1
    plt.figure(figsize=(20,10))

    wrong = 0
    correct = 0
    answers = []
    for i in xrange(n):
        plt.subplot(rows, cols, i+1)
        y = read(x, p=p)
        answers.append(y)
        if x == y:
            correct += 1
        else:
            wrong += 1
    plt.show()
    print '!! {} correct={:2d} wrong={:2d} answers={}'.format(x, correct, wrong, answers)








Generating labels



In [14]:






labels = list('ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopqrstuvwxyz0123456789')
label_to_bs = {}
for x in labels:
    label_to_bs[x] = sdmlib.Bitstring.init_random(1000)










Training the SDM



In [15]:






for x in labels:
    print 'Training for label {}...'.format(x)
    fill_memory(x, label_to_bs[x])













Training for label A...
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Training for label B...
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Training for label C...
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Training for label D...
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Training for label E...
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Training for label F...
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Training for label G...
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Training for label H...
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Training for label I...
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Training for label J...
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Training for label K...
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Training for label L...
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Training for label M...
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Training for label N...
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Training for label O...
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Training for label P...
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Training for label Q...
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Training for label R...
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Training for label S...
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Training for label T...
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Training for label U...
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Training for label V...
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Training for label W...
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Training for label X...
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Training for label Y...
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Training for label Z...
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Training for label a...
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Training for label b...
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Training for label c...
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Training for label d...
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Training for label e...
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Training for label f...
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Training for label g...
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Training for label h...
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Training for label i...
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Training for label j...
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Training for label k...
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Training for label l...
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Training for label m...











[image: ../_images/notebooks_Classification_Test_3-Copy1_17_77.png]










Training for label n...
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Training for label o...
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Training for label p...
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Training for label q...
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Training for label r...
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Training for label s...
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Training for label t...
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Training for label u...
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Training for label v...











[image: ../_images/notebooks_Classification_Test_3-Copy1_17_95.png]










Training for label w...











[image: ../_images/notebooks_Classification_Test_3-Copy1_17_97.png]










Training for label x...
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Training for label y...
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Training for label z...
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Training for label 0...
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Training for label 1...
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Training for label 2...











[image: ../_images/notebooks_Classification_Test_3-Copy1_17_109.png]










Training for label 3...
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Training for label 4...
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Training for label 5...
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Training for label 6...
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Training for label 7...
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Training for label 8...
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Training for label 9...
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Testing with high noise



In [16]:






for x in 'ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopqrstuvwxyz0123456789':
    iter_read(x)
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!! A correct=10 wrong= 0 answers=['A', 'A', 'A', 'A', 'A', 'A', 'A', 'A', 'A', 'A']
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!! B correct=10 wrong= 0 answers=['B', 'B', 'B', 'B', 'B', 'B', 'B', 'B', 'B', 'B']
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!! C correct=10 wrong= 0 answers=['C', 'C', 'C', 'C', 'C', 'C', 'C', 'C', 'C', 'C']
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!! D correct=10 wrong= 0 answers=['D', 'D', 'D', 'D', 'D', 'D', 'D', 'D', 'D', 'D']
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!! E correct=10 wrong= 0 answers=['E', 'E', 'E', 'E', 'E', 'E', 'E', 'E', 'E', 'E']
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!! F correct= 9 wrong= 1 answers=['F', 'F', 'F', 'F', 'F', 'F', 'F', 'F', 'F', 'E']
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!! G correct=10 wrong= 0 answers=['G', 'G', 'G', 'G', 'G', 'G', 'G', 'G', 'G', 'G']
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!! H correct=10 wrong= 0 answers=['H', 'H', 'H', 'H', 'H', 'H', 'H', 'H', 'H', 'H']
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!! I correct= 7 wrong= 3 answers=['I', 'I', 'T', 'I', 'I', 'I', '1', 'I', 'T', 'I']
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!! J correct=10 wrong= 0 answers=['J', 'J', 'J', 'J', 'J', 'J', 'J', 'J', 'J', 'J']
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!! K correct= 7 wrong= 3 answers=['X', 'h', 'X', 'K', 'K', 'K', 'K', 'K', 'K', 'K']
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!! L correct=10 wrong= 0 answers=['L', 'L', 'L', 'L', 'L', 'L', 'L', 'L', 'L', 'L']
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!! M correct=10 wrong= 0 answers=['M', 'M', 'M', 'M', 'M', 'M', 'M', 'M', 'M', 'M']
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!! N correct=10 wrong= 0 answers=['N', 'N', 'N', 'N', 'N', 'N', 'N', 'N', 'N', 'N']
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!! O correct=10 wrong= 0 answers=['O', 'O', 'O', 'O', 'O', 'O', 'O', 'O', 'O', 'O']
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!! P correct= 7 wrong= 3 answers=['P', 'E', 'P', 'P', 'P', 'P', 'p', 'P', 'E', 'P']
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!! Q correct=10 wrong= 0 answers=['Q', 'Q', 'Q', 'Q', 'Q', 'Q', 'Q', 'Q', 'Q', 'Q']
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!! R correct=10 wrong= 0 answers=['R', 'R', 'R', 'R', 'R', 'R', 'R', 'R', 'R', 'R']
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!! S correct= 8 wrong= 2 answers=['S', 'S', 'S', 'S', 'S', 'S', 'B', 'B', 'S', 'S']
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!! T correct=10 wrong= 0 answers=['T', 'T', 'T', 'T', 'T', 'T', 'T', 'T', 'T', 'T']
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!! U correct= 9 wrong= 1 answers=['U', 'U', 'U', 'U', 'U', 'D', 'U', 'U', 'U', 'U']
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!! V correct=10 wrong= 0 answers=['V', 'V', 'V', 'V', 'V', 'V', 'V', 'V', 'V', 'V']
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!! W correct=10 wrong= 0 answers=['W', 'W', 'W', 'W', 'W', 'W', 'W', 'W', 'W', 'W']
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!! X correct=10 wrong= 0 answers=['X', 'X', 'X', 'X', 'X', 'X', 'X', 'X', 'X', 'X']
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!! Y correct=10 wrong= 0 answers=['Y', 'Y', 'Y', 'Y', 'Y', 'Y', 'Y', 'Y', 'Y', 'Y']
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!! Z correct=10 wrong= 0 answers=['Z', 'Z', 'Z', 'Z', 'Z', 'Z', 'Z', 'Z', 'Z', 'Z']
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!! a correct= 0 wrong=10 answers=['d', 'd', 'd', 'd', 'd', 'd', 'd', 'n', 'd', 'n']
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!! b correct= 0 wrong=10 answers=['o', 'h', 'h', 'h', 'h', 'h', 'h', 'h', 'o', 'o']
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!! c correct= 9 wrong= 1 answers=['c', 'c', 'c', 'c', 'c', 'o', 'c', 'c', 'c', 'c']
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!! d correct=10 wrong= 0 answers=['d', 'd', 'd', 'd', 'd', 'd', 'd', 'd', 'd', 'd']
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!! e correct= 4 wrong= 6 answers=['e', 'o', 'o', 'o', 'e', 'o', 'e', 'o', 'e', 'o']
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!! f correct=10 wrong= 0 answers=['f', 'f', 'f', 'f', 'f', 'f', 'f', 'f', 'f', 'f']
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!! g correct=10 wrong= 0 answers=['g', 'g', 'g', 'g', 'g', 'g', 'g', 'g', 'g', 'g']
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!! h correct=10 wrong= 0 answers=['h', 'h', 'h', 'h', 'h', 'h', 'h', 'h', 'h', 'h']
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!! i correct= 9 wrong= 1 answers=['i', 'i', 'i', 'i', 'i', 'i', '1', 'i', 'i', 'i']
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!! j correct=10 wrong= 0 answers=['j', 'j', 'j', 'j', 'j', 'j', 'j', 'j', 'j', 'j']
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!! k correct=10 wrong= 0 answers=['k', 'k', 'k', 'k', 'k', 'k', 'k', 'k', 'k', 'k']
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!! l correct= 2 wrong= 8 answers=['t', 'f', 'f', 'f', 'l', 't', '1', 't', 'l', 'T']
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!! m correct=10 wrong= 0 answers=['m', 'm', 'm', 'm', 'm', 'm', 'm', 'm', 'm', 'm']
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!! n correct= 9 wrong= 1 answers=['n', 'n', 'h', 'n', 'n', 'n', 'n', 'n', 'n', 'n']
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!! o correct=10 wrong= 0 answers=['o', 'o', 'o', 'o', 'o', 'o', 'o', 'o', 'o', 'o']
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!! p correct=10 wrong= 0 answers=['p', 'p', 'p', 'p', 'p', 'p', 'p', 'p', 'p', 'p']
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!! q correct=10 wrong= 0 answers=['q', 'q', 'q', 'q', 'q', 'q', 'q', 'q', 'q', 'q']
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!! r correct= 9 wrong= 1 answers=['r', 'r', 'r', 'r', 'r', 'r', 'r', 'r', 'r', '1']
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!! s correct=10 wrong= 0 answers=['s', 's', 's', 's', 's', 's', 's', 's', 's', 's']
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!! t correct=10 wrong= 0 answers=['t', 't', 't', 't', 't', 't', 't', 't', 't', 't']
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!! u correct= 8 wrong= 2 answers=['u', 'd', 'd', 'u', 'u', 'u', 'u', 'u', 'u', 'u']
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!! v correct=10 wrong= 0 answers=['v', 'v', 'v', 'v', 'v', 'v', 'v', 'v', 'v', 'v']
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!! w correct=10 wrong= 0 answers=['w', 'w', 'w', 'w', 'w', 'w', 'w', 'w', 'w', 'w']
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!! x correct= 8 wrong= 2 answers=['x', 'x', 'z', 'z', 'x', 'x', 'x', 'x', 'x', 'x']
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!! y correct=10 wrong= 0 answers=['y', 'y', 'y', 'y', 'y', 'y', 'y', 'y', 'y', 'y']
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!! z correct=10 wrong= 0 answers=['z', 'z', 'z', 'z', 'z', 'z', 'z', 'z', 'z', 'z']
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!! 0 correct= 0 wrong=10 answers=['8', 'g', 'g', 'g', 'g', '9', '9', '9', '9', '9']
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!! 1 correct=10 wrong= 0 answers=['1', '1', '1', '1', '1', '1', '1', '1', '1', '1']
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!! 2 correct=10 wrong= 0 answers=['2', '2', '2', '2', '2', '2', '2', '2', '2', '2']
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!! 3 correct=10 wrong= 0 answers=['3', '3', '3', '3', '3', '3', '3', '3', '3', '3']











[image: ../_images/notebooks_Classification_Test_3-Copy1_19_112.png]










!! 4 correct= 7 wrong= 3 answers=['1', '1', '4', '4', '4', '4', '4', '4', '1', '4']
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!! 5 correct=10 wrong= 0 answers=['5', '5', '5', '5', '5', '5', '5', '5', '5', '5']
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!! 6 correct= 9 wrong= 1 answers=['6', '6', '6', '6', '6', '8', '6', '6', '6', '6']
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!! 7 correct=10 wrong= 0 answers=['7', '7', '7', '7', '7', '7', '7', '7', '7', '7']
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!! 8 correct=10 wrong= 0 answers=['8', '8', '8', '8', '8', '8', '8', '8', '8', '8']
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!! 9 correct=10 wrong= 0 answers=['9', '9', '9', '9', '9', '9', '9', '9', '9', '9']









Testing with low noise



In [17]:






for x in 'ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopqrstuvwxyz0123456789':
    iter_read(x, p=0.05)
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!! A correct=10 wrong= 0 answers=['A', 'A', 'A', 'A', 'A', 'A', 'A', 'A', 'A', 'A']
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!! B correct=10 wrong= 0 answers=['B', 'B', 'B', 'B', 'B', 'B', 'B', 'B', 'B', 'B']
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!! C correct=10 wrong= 0 answers=['C', 'C', 'C', 'C', 'C', 'C', 'C', 'C', 'C', 'C']
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!! D correct=10 wrong= 0 answers=['D', 'D', 'D', 'D', 'D', 'D', 'D', 'D', 'D', 'D']
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!! E correct=10 wrong= 0 answers=['E', 'E', 'E', 'E', 'E', 'E', 'E', 'E', 'E', 'E']
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!! F correct=10 wrong= 0 answers=['F', 'F', 'F', 'F', 'F', 'F', 'F', 'F', 'F', 'F']
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!! G correct=10 wrong= 0 answers=['G', 'G', 'G', 'G', 'G', 'G', 'G', 'G', 'G', 'G']
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!! H correct=10 wrong= 0 answers=['H', 'H', 'H', 'H', 'H', 'H', 'H', 'H', 'H', 'H']
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!! I correct= 9 wrong= 1 answers=['I', 'I', 'I', 'I', 'T', 'I', 'I', 'I', 'I', 'I']
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!! J correct=10 wrong= 0 answers=['J', 'J', 'J', 'J', 'J', 'J', 'J', 'J', 'J', 'J']
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!! K correct=10 wrong= 0 answers=['K', 'K', 'K', 'K', 'K', 'K', 'K', 'K', 'K', 'K']
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!! L correct=10 wrong= 0 answers=['L', 'L', 'L', 'L', 'L', 'L', 'L', 'L', 'L', 'L']
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!! M correct=10 wrong= 0 answers=['M', 'M', 'M', 'M', 'M', 'M', 'M', 'M', 'M', 'M']
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!! N correct=10 wrong= 0 answers=['N', 'N', 'N', 'N', 'N', 'N', 'N', 'N', 'N', 'N']
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!! O correct=10 wrong= 0 answers=['O', 'O', 'O', 'O', 'O', 'O', 'O', 'O', 'O', 'O']
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!! P correct=10 wrong= 0 answers=['P', 'P', 'P', 'P', 'P', 'P', 'P', 'P', 'P', 'P']
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!! Q correct=10 wrong= 0 answers=['Q', 'Q', 'Q', 'Q', 'Q', 'Q', 'Q', 'Q', 'Q', 'Q']
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!! R correct=10 wrong= 0 answers=['R', 'R', 'R', 'R', 'R', 'R', 'R', 'R', 'R', 'R']
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!! S correct=10 wrong= 0 answers=['S', 'S', 'S', 'S', 'S', 'S', 'S', 'S', 'S', 'S']
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!! T correct=10 wrong= 0 answers=['T', 'T', 'T', 'T', 'T', 'T', 'T', 'T', 'T', 'T']
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!! U correct=10 wrong= 0 answers=['U', 'U', 'U', 'U', 'U', 'U', 'U', 'U', 'U', 'U']
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!! V correct=10 wrong= 0 answers=['V', 'V', 'V', 'V', 'V', 'V', 'V', 'V', 'V', 'V']
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!! W correct=10 wrong= 0 answers=['W', 'W', 'W', 'W', 'W', 'W', 'W', 'W', 'W', 'W']
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!! X correct=10 wrong= 0 answers=['X', 'X', 'X', 'X', 'X', 'X', 'X', 'X', 'X', 'X']
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!! Y correct=10 wrong= 0 answers=['Y', 'Y', 'Y', 'Y', 'Y', 'Y', 'Y', 'Y', 'Y', 'Y']
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!! Z correct=10 wrong= 0 answers=['Z', 'Z', 'Z', 'Z', 'Z', 'Z', 'Z', 'Z', 'Z', 'Z']
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!! a correct=10 wrong= 0 answers=['a', 'a', 'a', 'a', 'a', 'a', 'a', 'a', 'a', 'a']
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!! b correct= 0 wrong=10 answers=['h', 'o', 'o', 'h', 'h', 'h', 'h', 'h', 'o', 'h']
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!! c correct=10 wrong= 0 answers=['c', 'c', 'c', 'c', 'c', 'c', 'c', 'c', 'c', 'c']
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!! d correct=10 wrong= 0 answers=['d', 'd', 'd', 'd', 'd', 'd', 'd', 'd', 'd', 'd']
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!! e correct=10 wrong= 0 answers=['e', 'e', 'e', 'e', 'e', 'e', 'e', 'e', 'e', 'e']
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!! f correct=10 wrong= 0 answers=['f', 'f', 'f', 'f', 'f', 'f', 'f', 'f', 'f', 'f']
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!! g correct=10 wrong= 0 answers=['g', 'g', 'g', 'g', 'g', 'g', 'g', 'g', 'g', 'g']
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!! h correct=10 wrong= 0 answers=['h', 'h', 'h', 'h', 'h', 'h', 'h', 'h', 'h', 'h']
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!! i correct=10 wrong= 0 answers=['i', 'i', 'i', 'i', 'i', 'i', 'i', 'i', 'i', 'i']
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!! j correct=10 wrong= 0 answers=['j', 'j', 'j', 'j', 'j', 'j', 'j', 'j', 'j', 'j']
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!! k correct=10 wrong= 0 answers=['k', 'k', 'k', 'k', 'k', 'k', 'k', 'k', 'k', 'k']











[image: ../_images/notebooks_Classification_Test_3-Copy1_21_74.png]










!! l correct=10 wrong= 0 answers=['l', 'l', 'l', 'l', 'l', 'l', 'l', 'l', 'l', 'l']











[image: ../_images/notebooks_Classification_Test_3-Copy1_21_76.png]










!! m correct=10 wrong= 0 answers=['m', 'm', 'm', 'm', 'm', 'm', 'm', 'm', 'm', 'm']
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!! n correct=10 wrong= 0 answers=['n', 'n', 'n', 'n', 'n', 'n', 'n', 'n', 'n', 'n']
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!! o correct=10 wrong= 0 answers=['o', 'o', 'o', 'o', 'o', 'o', 'o', 'o', 'o', 'o']
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!! p correct=10 wrong= 0 answers=['p', 'p', 'p', 'p', 'p', 'p', 'p', 'p', 'p', 'p']
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!! q correct=10 wrong= 0 answers=['q', 'q', 'q', 'q', 'q', 'q', 'q', 'q', 'q', 'q']
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!! r correct=10 wrong= 0 answers=['r', 'r', 'r', 'r', 'r', 'r', 'r', 'r', 'r', 'r']
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!! s correct=10 wrong= 0 answers=['s', 's', 's', 's', 's', 's', 's', 's', 's', 's']
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!! t correct=10 wrong= 0 answers=['t', 't', 't', 't', 't', 't', 't', 't', 't', 't']











[image: ../_images/notebooks_Classification_Test_3-Copy1_21_92.png]










!! u correct=10 wrong= 0 answers=['u', 'u', 'u', 'u', 'u', 'u', 'u', 'u', 'u', 'u']
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!! v correct=10 wrong= 0 answers=['v', 'v', 'v', 'v', 'v', 'v', 'v', 'v', 'v', 'v']
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!! w correct=10 wrong= 0 answers=['w', 'w', 'w', 'w', 'w', 'w', 'w', 'w', 'w', 'w']
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!! x correct=10 wrong= 0 answers=['x', 'x', 'x', 'x', 'x', 'x', 'x', 'x', 'x', 'x']
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!! y correct=10 wrong= 0 answers=['y', 'y', 'y', 'y', 'y', 'y', 'y', 'y', 'y', 'y']
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!! z correct=10 wrong= 0 answers=['z', 'z', 'z', 'z', 'z', 'z', 'z', 'z', 'z', 'z']
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!! 0 correct= 3 wrong= 7 answers=['9', '0', 'g', '8', '0', '8', '8', '8', '0', '9']
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!! 1 correct=10 wrong= 0 answers=['1', '1', '1', '1', '1', '1', '1', '1', '1', '1']
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!! 2 correct=10 wrong= 0 answers=['2', '2', '2', '2', '2', '2', '2', '2', '2', '2']
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!! 3 correct=10 wrong= 0 answers=['3', '3', '3', '3', '3', '3', '3', '3', '3', '3']
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!! 4 correct=10 wrong= 0 answers=['4', '4', '4', '4', '4', '4', '4', '4', '4', '4']
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!! 5 correct=10 wrong= 0 answers=['5', '5', '5', '5', '5', '5', '5', '5', '5', '5']
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!! 6 correct=10 wrong= 0 answers=['6', '6', '6', '6', '6', '6', '6', '6', '6', '6']
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!! 7 correct=10 wrong= 0 answers=['7', '7', '7', '7', '7', '7', '7', '7', '7', '7']
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!! 8 correct=10 wrong= 0 answers=['8', '8', '8', '8', '8', '8', '8', '8', '8', '8']
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!! 9 correct=10 wrong= 0 answers=['9', '9', '9', '9', '9', '9', '9', '9', '9', '9']









Testing with no noise



In [18]:






for x in 'ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopqrstuvwxyz0123456789':
    iter_read(x, p=0, n=1)
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!! A correct= 1 wrong= 0 answers=['A']
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!! B correct= 1 wrong= 0 answers=['B']
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!! C correct= 1 wrong= 0 answers=['C']
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!! D correct= 1 wrong= 0 answers=['D']











[image: ../_images/notebooks_Classification_Test_3-Copy1_23_8.png]










!! E correct= 1 wrong= 0 answers=['E']
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!! F correct= 1 wrong= 0 answers=['F']











[image: ../_images/notebooks_Classification_Test_3-Copy1_23_12.png]










!! G correct= 1 wrong= 0 answers=['G']
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!! H correct= 1 wrong= 0 answers=['H']
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!! I correct= 1 wrong= 0 answers=['I']
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!! J correct= 1 wrong= 0 answers=['J']
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!! K correct= 1 wrong= 0 answers=['K']
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!! L correct= 1 wrong= 0 answers=['L']
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!! M correct= 1 wrong= 0 answers=['M']
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!! N correct= 1 wrong= 0 answers=['N']
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!! O correct= 1 wrong= 0 answers=['O']
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!! P correct= 1 wrong= 0 answers=['P']
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!! Q correct= 1 wrong= 0 answers=['Q']
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!! R correct= 1 wrong= 0 answers=['R']
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!! S correct= 1 wrong= 0 answers=['S']
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!! T correct= 1 wrong= 0 answers=['T']
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!! U correct= 1 wrong= 0 answers=['U']
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!! V correct= 1 wrong= 0 answers=['V']
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!! W correct= 1 wrong= 0 answers=['W']
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!! X correct= 1 wrong= 0 answers=['X']
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!! Y correct= 1 wrong= 0 answers=['Y']
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!! Z correct= 1 wrong= 0 answers=['Z']
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!! a correct= 1 wrong= 0 answers=['a']
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!! b correct= 0 wrong= 1 answers=['h']
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!! c correct= 1 wrong= 0 answers=['c']
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!! d correct= 1 wrong= 0 answers=['d']
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!! e correct= 1 wrong= 0 answers=['e']
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!! f correct= 1 wrong= 0 answers=['f']
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!! g correct= 1 wrong= 0 answers=['g']
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!! h correct= 1 wrong= 0 answers=['h']
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!! i correct= 1 wrong= 0 answers=['i']
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!! j correct= 1 wrong= 0 answers=['j']
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!! k correct= 1 wrong= 0 answers=['k']
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!! l correct= 1 wrong= 0 answers=['l']
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!! m correct= 1 wrong= 0 answers=['m']
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!! n correct= 1 wrong= 0 answers=['n']
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!! o correct= 1 wrong= 0 answers=['o']
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!! p correct= 1 wrong= 0 answers=['p']
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!! q correct= 1 wrong= 0 answers=['q']











[image: ../_images/notebooks_Classification_Test_3-Copy1_23_86.png]










!! r correct= 1 wrong= 0 answers=['r']
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!! s correct= 1 wrong= 0 answers=['s']
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!! t correct= 1 wrong= 0 answers=['t']
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!! u correct= 1 wrong= 0 answers=['u']
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!! v correct= 1 wrong= 0 answers=['v']
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!! w correct= 1 wrong= 0 answers=['w']
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!! x correct= 1 wrong= 0 answers=['x']
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!! y correct= 1 wrong= 0 answers=['y']
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!! z correct= 1 wrong= 0 answers=['z']
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!! 0 correct= 1 wrong= 0 answers=['0']
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!! 1 correct= 1 wrong= 0 answers=['1']
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!! 2 correct= 1 wrong= 0 answers=['2']
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!! 3 correct= 1 wrong= 0 answers=['3']
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!! 4 correct= 1 wrong= 0 answers=['4']
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!! 5 correct= 1 wrong= 0 answers=['5']
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!! 6 correct= 1 wrong= 0 answers=['6']
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!! 7 correct= 1 wrong= 0 answers=['7']
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!! 8 correct= 1 wrong= 0 answers=['8']
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!! 9 correct= 1 wrong= 0 answers=['9']












          

      

      

    

  

    
      
          
            
  



In [72]:






from __future__ import print_function
import sdm as sdmlib
from sdm import utils
import matplotlib.pyplot as plt
import numpy as np
from IPython.display import clear_output
%matplotlib inline









In [104]:






bits = 255
radius = 104 #utils.calculate_radius(bits)
sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_OPENCL









In [105]:






address_space = sdmlib.AddressSpace.init_random(bits, sample)
counter = sdmlib.Counter.init_zero(bits, sample)









In [106]:






sdm = sdmlib.SDM(address_space, counter, radius, scanner_type)









In [107]:






bs_ref = sdmlib.Bitstring.init_random(bits)
sdm.write(bs_ref, bs_ref)









In [108]:






def write(n=1000, prefix=''):
    print('{}Writing {} random bitstrings... '.format(prefix, n), end='')
    for i in range(n):
        if i%20 == 0:
          print('!', end='')

        b = sdmlib.Bitstring.init_random(bits)
        sdm.write(b, b)
    print('')
    return n









In [109]:






def calculate_distances(bs, k=6, sample=1, step=1, prefix='', z=None):
    distances = []
    x = range(0, bits+1, step)
    print('{}Calculating distances... '.format(prefix), end='')
    for i, dist in enumerate(x):
        if i%20 == 0:
            print('!', end='')
        v1 = []
        for _ in range(sample):
            c = sdmlib.Bitstring.init_from_bitstring(bs)
            c.flip_random_bits(dist)
            assert c.distance_to(bs) == dist

            v2 = []
            v2.append(c.distance_to(bs))
            d = c
            for j in range(k):
                d = sdm.read(d, z=z)
                v2.append(d.distance_to(bs))
            v1.append(v2)
        distances.append([dist, v1])
    print('')
    return distances









In [110]:






def plot_heatmap(data, iter_readings):
    # Make plot with vertical (default) colorbar
    maxd = int(data.max())
    mind = int(data.min())
    avgd = int ((maxd+mind)/2);
    fig = plt.figure(figsize=(8, 6), dpi=100)
    ax = fig.add_subplot(111)

    #use aspect=20 when N=1000
    #use aspect=5 when N=256

    from matplotlib.pylab import cm, contourf, contour

    cax = ax.imshow(data, cmap=cm.YlGnBu, aspect='auto', interpolation=None, norm=None, origin='lower')
    ax.grid(True, label='Distance')

    # Add colorbar, make sure to specify tick locations to match desired ticklabels
    cbar = fig.colorbar(cax, ticks=[mind, avgd, maxd]) #had ZERO here before
    cbar.ax.set_yticklabels([str(mind), str(avgd), str(maxd)])
    cbar.ax.set_ylabel(u'Distance obtained after {} iteractive-readings'.format(iter_readings), fontsize=12)

    #########CONTOUR DELINEATES THE CRITICAL DISTANCE

    # We are using automatic selection of contour levels;
    # this is usually not such a good idea, because they don't
    # occur on nice boundaries, but we do it here for purposes
    # of illustration.
    #CS = ax.contourf(data, 100, levels=[mind,avgd,maxd], alpha=0.1, cmap=cm.YlGnBu, origin='lower')

    # Note that in the following, we explicitly pass in a subset of
    # the contour levels used for the filled contours.  Alternatively,
    # We could pass in additional levels to provide extra resolution,
    # or leave out the levels kwarg to use all of the original levels.
    #CS2 = ax.contour(CS,  levels=[88], colors='gray', origin='lower', hold='on', linestyles='dashdot')
    #CS2 = ax.contour(data,  levels=[1,2,3,4,5,6,7,8,9,10], colors='gray', origin='lower', hold='on', linestyles='dashdot')

    plt.title('Critical Distance Behavior', fontsize=20)
    plt.xlabel('Original distance', fontsize=12)
    plt.ylabel('# items previously stored (000\'s)', fontsize=12)
    # Add the contour line levels to the colorbar
    #cbar.add_lines(CS2)
    plt.show()









In [111]:






def get_data(distances, k):
    # k = iterative readings

    # [(x, y, z)]
    # x = old distance
    # y = number of writings
    # z = new distance
    data = []
    for writings, v1 in distances:
        v = []
        for old, v2 in v1:
            new = sum(x[k] for x in v2)/len(v2)
            #data.append([old, writings, new])
            v.append(new)
        data.append(v)
    return np.array(data)









In [112]:






def run():
    import time
    start_time = time.time()

    distances = []
    qty = 1000
    n = 10
    step = 1
    sample = 1
    k = 6  # number of iterative readings
    total = 0
    z = 0.5 #None
    for i in range(n):
        prefix = '[{}] '.format(total)

        total += write(qty, prefix=prefix)
        v = calculate_distances(bs_ref, k=k, sample=sample, step=step, prefix=prefix, z=z)
        distances.append((total, v))

        clear_output(wait=True)

        data = get_data(distances, k)
        plot_heatmap(data, k)
        end_time = time.time()
        print('time={:10.0f}  time_per_loop={:5.2f}'.format(end_time - start_time, total/(end_time - start_time)))

    end_time = time.time()









In [113]:






%time run()
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time=       234  time_per_loop=42.83
CPU times: user 3min 11s, sys: 13.9 s, total: 3min 25s
Wall time: 3min 53s








          

      

      

    

  

    
      
          
            
  



In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
import numpy as np
from IPython.display import clear_output
%matplotlib inline









In [2]:






bits = 1000
sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_THREAD









In [3]:






address_space = sdmlib.AddressSpace.init_random(bits, sample)
counter = sdmlib.Counter.create_file('sdm-tmp-DELETE-IT', bits, sample)
sdm = sdmlib.SDM(address_space, counter, 451, scanner_type)









In [4]:






def write(n=1000, prefix=''):
    for i in xrange(n):
        if i%20 == 0:
            clear_output(wait=True)
            print '{}Writing {} random bitstrings: {:4d} ({:.2f}%)'.format(prefix, n, i+1, 100.*(i+1)/n)
        b = sdmlib.Bitstring.init_random(bits)
        sdm.write(b, b)
    return n









In [5]:






def calculate_distances(bs, k=6, sample=1, step=1, prefix=''):
    distances = []
    x = range(0, bits+1, step)
    for i, dist in enumerate(x):
        if i%20 == 0:
            clear_output(wait=True)
            print '{}Distance: {:4d} ({:.2f}%)'.format(prefix, dist, 100.*(i+1)/len(x))
        v1 = []
        for _ in xrange(sample):
            c = sdmlib.Bitstring.init_from_bitstring(bs)
            c.flip_random_bits(dist)
            assert c.distance_to(bs) == dist

            v2 = []
            v2.append(c.distance_to(bs))
            d = c
            for j in xrange(k):
                d = sdm.read(d)
                v2.append(d.distance_to(bs))
            v1.append(v2)
        distances.append([dist, v1])
    return distances









In [6]:






bs_ref = sdmlib.Bitstring.init_random(bits)
sdm.write(bs_ref, bs_ref)









In [7]:






distances = []
qty = 1000
n = 50
step = 1
sample = 4
k = 6
total = 0
for i in xrange(n):
    prefix = '[{}] '.format(total)
    total += write(qty, prefix=prefix)
    v = calculate_distances(bs_ref, k=k, sample=sample, step=step, prefix=prefix)
    distances.append((total, v))













[14000] Distance: 1000 (100.00%)








In [8]:






def plot_heatmap(data, iter_readings):
    # Make plot with vertical (default) colorbar
    maxd = int(data.max())
    mind = int(data.min())
    avgd = int ((maxd+mind)/2);
    fig = plt.figure(figsize=(8, 6), dpi=100)
    ax = fig.add_subplot(111)

    #use aspect=20 when N=1000
    #use aspect=5 when N=256

    from matplotlib.pylab import cm, contourf, contour

    cax = ax.imshow(data, cmap=cm.YlGnBu, aspect='auto', interpolation=None, norm=None, origin='lower')
    ax.grid(True, label='Distance')

    # Add colorbar, make sure to specify tick locations to match desired ticklabels
    cbar = fig.colorbar(cax, ticks=[mind, avgd, maxd]) #had ZERO here before
    cbar.ax.set_yticklabels([str(mind), str(avgd), str(maxd)])
    cbar.ax.set_ylabel(u'Distance obtained after {} iteractive-readings'.format(iter_readings), fontsize=12)

    #########CONTOUR DELINEATES THE CRITICAL DISTANCE

    # We are using automatic selection of contour levels;
    # this is usually not such a good idea, because they don't
    # occur on nice boundaries, but we do it here for purposes
    # of illustration.
    #CS = ax.contourf(data, 100, levels=[mind,avgd,maxd], alpha=0.1, cmap=cm.YlGnBu, origin='lower')

    # Note that in the following, we explicitly pass in a subset of
    # the contour levels used for the filled contours.  Alternatively,
    # We could pass in additional levels to provide extra resolution,
    # or leave out the levels kwarg to use all of the original levels.
    #CS2 = ax.contour(CS,  levels=[88], colors='gray', origin='lower', hold='on', linestyles='dashdot')
    #CS2 = ax.contour(data,  levels=[1,2,3,4,5,6,7,8,9,10], colors='gray', origin='lower', hold='on', linestyles='dashdot')

    plt.title('Critical Distance Behavior', fontsize=20)
    plt.xlabel('Original distance', fontsize=12)
    plt.ylabel('# items previously stored (000\'s)', fontsize=12)
    # Add the contour line levels to the colorbar
    #cbar.add_lines(CS2)
    plt.show()









In [9]:






def get_data(distances, k):
    # k = iterative readings

    # [(x, y, z)]
    # x = old distance
    # y = number of writings
    # z = new distance
    data = []
    for writings, v1 in distances:
        v = []
        for old, v2 in v1:
            new = sum(x[k] for x in v2)/len(v2)
            #data.append([old, writings, new])
            v.append(new)
        data.append(v)
    return np.array(data)









In [10]:






k = 6
data = get_data(distances, k)
#data = get_data(distances2, k)
plot_heatmap(data, k)
#print len(data), len(data[0])
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In [1]:






from __future__ import print_function
import sdm as sdmlib
from sdm import utils
import numpy as np
import matplotlib.mlab as mlab
from IPython.display import clear_output
import matplotlib.pyplot as plt









In [2]:






bits, radius = 1000, 451
#bits, radius = 256, 103

p = utils.calculate_probability(bits, radius)

sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_OPENCL

address_space = sdmlib.AddressSpace.init_random(bits, sample)
address_space.opencl_init();









In [3]:






p









Out[3]:






0.0010718500489241473









In [4]:






counter = []









In [5]:






for i in range(100):
    if i%100 == 0:
        clear_output(wait=True)
        print(i)
    bs = sdmlib.Bitstring.init_random(bits)
    result = address_space.scan_opencl2(bs, radius)
    for idx in result:
        bs2 = address_space.get_bitstring(idx)
        counter.append(bs.distance_to(bs2))













0








In [6]:






from math import factorial
comb = lambda a, b: factorial(a) // factorial(b) // factorial(a-b)
acc = [0]
for i in range(radius+1):
    acc.append(acc[-1] + comb(bits, i))
acc = acc[1:]









In [7]:






x = []
y = []
for d in range(0, radius+1):
    x.append(d + 0.5)
    y.append(((1.0*comb(bits, d)) / acc[radius]))









In [8]:






plt.figure(figsize=(8, 6), dpi=100)
plt.hist(counter, bins=range(0, radius+2), density=True)
plt.plot(x, y, 'r', linewidth=2.0)
plt.xlim(400, radius+5)
plt.ylabel('Probability')
plt.xlabel('Distance from the center')
plt.show()












[image: ../_images/notebooks_Distances_of_activated_hard-locations_7_0.png]






In [9]:






from math import log
I = [-log(p)/log(2) if p > 0 else 0 for p in y]









In [10]:






plt.figure(figsize=(8, 6), dpi=100)
plt.plot(x, I, 'r', linewidth=2.0)
plt.xlim(420, radius)
plt.ylim(0, 15)
plt.ylabel('Self information')
plt.xlabel('Distance to the center')
plt.grid()
plt.show()
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In [11]:






plt.figure(figsize=(8, 6), dpi=100)
plt.plot(x, [int(p) for p in I], 'r', linewidth=2.0)
plt.xlim(420, radius)
plt.ylim(0, 15)
plt.ylabel('Self information')
plt.xlabel('Distance to the center')
plt.grid()
plt.show()
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In [12]:






I[-1]









Out[12]:






2.3753165837275243









In [13]:






1.0*int(I[420]) / int(I[-1])









Out[13]:






6.5









In [14]:






repr([int(p) for p in I])









Out[14]:






'[990, 980, 971, 962, 954, 947, 939, 932, 925, 918, 912, 905, 899, 893, 887, 881, 875, 869, 863, 857, 852, 846, 841, 835, 830, 825, 819, 814, 809, 804, 799, 794, 789, 784, 779, 775, 770, 765, 761, 756, 751, 747, 742, 738, 733, 729, 725, 720, 716, 712, 707, 703, 699, 695, 691, 687, 682, 678, 674, 670, 666, 662, 659, 655, 651, 647, 643, 639, 636, 632, 628, 624, 621, 617, 613, 610, 606, 603, 599, 595, 592, 588, 585, 581, 578, 575, 571, 568, 564, 561, 558, 554, 551, 548, 544, 541, 538, 535, 532, 528, 525, 522, 519, 516, 513, 510, 507, 503, 500, 497, 494, 491, 488, 485, 482, 479, 477, 474, 471, 468, 465, 462, 459, 456, 454, 451, 448, 445, 442, 440, 437, 434, 431, 429, 426, 423, 421, 418, 415, 413, 410, 408, 405, 402, 400, 397, 395, 392, 390, 387, 385, 382, 380, 377, 375, 372, 370, 367, 365, 363, 360, 358, 355, 353, 351, 348, 346, 344, 341, 339, 337, 335, 332, 330, 328, 326, 323, 321, 319, 317, 314, 312, 310, 308, 306, 304, 302, 299, 297, 295, 293, 291, 289, 287, 285, 283, 281, 279, 277, 275, 273, 271, 269, 267, 265, 263, 261, 259, 257, 255, 253, 251, 249, 247, 246, 244, 242, 240, 238, 236, 235, 233, 231, 229, 227, 225, 224, 222, 220, 218, 217, 215, 213, 211, 210, 208, 206, 205, 203, 201, 200, 198, 196, 195, 193, 191, 190, 188, 187, 185, 183, 182, 180, 179, 177, 176, 174, 173, 171, 170, 168, 167, 165, 164, 162, 161, 159, 158, 156, 155, 153, 152, 150, 149, 148, 146, 145, 143, 142, 141, 139, 138, 137, 135, 134, 133, 131, 130, 129, 127, 126, 125, 124, 122, 121, 120, 118, 117, 116, 115, 114, 112, 111, 110, 109, 108, 106, 105, 104, 103, 102, 101, 99, 98, 97, 96, 95, 94, 93, 92, 90, 89, 88, 87, 86, 85, 84, 83, 82, 81, 80, 79, 78, 77, 76, 75, 74, 73, 72, 71, 70, 69, 68, 67, 66, 65, 64, 64, 63, 62, 61, 60, 59, 58, 57, 56, 56, 55, 54, 53, 52, 51, 51, 50, 49, 48, 47, 47, 46, 45, 44, 43, 43, 42, 41, 40, 40, 39, 38, 38, 37, 36, 35, 35, 34, 33, 33, 32, 31, 31, 30, 29, 29, 28, 28, 27, 26, 26, 25, 25, 24, 23, 23, 22, 22, 21, 21, 20, 19, 19, 18, 18, 17, 17, 16, 16, 15, 15, 14, 14, 13, 13, 13, 12, 12, 11, 11, 10, 10, 10, 9, 9, 8, 8, 8, 7, 7, 6, 6, 6, 5, 5, 5, 4, 4, 4, 3, 3, 3, 2, 2, 2]'









          

      

      

    

  

    
      
          
            
  



In [1]:






from __future__ import print_function
from collections import defaultdict
from math import factorial
import sdm as sdmlib









In [2]:






bits = 1000
sample = 1000000
radius = 451









In [3]:






_comb_cache = {}
def comb(a, b):
    if a < 0:
        return 0
    if b == 0:
        return 1
    ret = _comb_cache.get((a, b), None)
    if ret is None:
        ret = comb(a-1, b) + comb(a-1, b-1)
        _comb_cache[(a, b)] = ret
    return ret

def comb(a, b):
    return factorial(a) // factorial(b) // factorial(a-b)









In [38]:






def genM(n, h):
    M = defaultdict(int)
    for i in range(n):
        x = h+i
        y = i
        if 0 <= x < n and 0 <= y < n:
            M[(x, y)] = comb(n-h, i)

        x = h-i
        y = i
        if 0 <= x < n and 0 <= y < n:
            M[(x, y)] = comb(h, i)

    for j in range(1, h+1):
        mult = M[(h-j, j)]
        for i in range(1, n):
            x = h+i
            y = i
            nx = x - j
            ny = y + j

            if 0 <= x < n and 0 <= y < n and 0 <= nx < n and 0 <= ny < n:
                #print('i={} j={} ({}, {}) ({}, {})'.format(i, j, x, y, nx, ny))
                M[(nx, ny)] = mult * M[(x, y)]

    return M









In [35]:






def printM(M):
    for i in range(n):
        for j in range(n):
            y = n-1-i
            x = j
            if (M[(x, y)]):
                print('{:3d}'.format(M[(x, y)]), end=' ')
            else:
                print('   ', end=' ')
        print('')









In [39]:






def phi2_fn(bits, sample, radius, d):
    total = 0
    M = genM(bits, d)
    for i in range(radius+1):
        for j in range(radius+1):
            total += M[(i, j)]
    return 1.0 * sample * total / (2**bits)









In [7]:






_phi_fn_cache = {}









In [8]:






def phi_fn(n, H, r, d, steps=500):
    key = (n, H, r, d, steps)
    if key in _phi_fn_cache:
        return _phi_fn_cache[key]
    v = []
    for _ in range(steps):
        bs1 = sdmlib.Bitstring.init_random(n)
        bs2 = bs1.copy()
        bs2.flip_random_bits(d)
        selected1 = address_space.scan_thread2(bs1, r)
        selected2 = address_space.scan_thread2(bs2, r)
        x = len(set(selected1) & set(selected2))
        v.append(x)
    mu = 1.0*sum(v)/len(v)
    _phi_fn_cache[key] = mu
    return mu









In [10]:






address_space = sdmlib.AddressSpace.init_random(bits, sample)









In [40]:






h = 102
a = phi_fn(bits, sample, radius, h, steps=200)
b = phi2_fn(bits, sample, radius, h)
(a, b, a-b)









Out[40]:






(280.22, 280.2046153835306, 0.015384616469418688)









In [15]:
















Out[15]:






72.90908288196275









In [17]:






for h in range(0, 1001):
    a = phi_fn(bits, sample, radius, h, steps=20)
    b = phi2_fn(bits, sample, radius, h)
    print('{} {} {}'.format(a, b, abs(a-b)))













1072.25 1071.85004892 0.399951076334
964.8 958.436527391 6.36347260943
953.9 958.436527391 4.53652739057
912.9 902.208104539 10.6918954609
901.0 902.208104539 1.20810453914
862.8 860.394028924 2.40597107589
868.25 860.394028924 7.85597107589
826.2 825.8454042 0.354595800216
818.25 825.8454042 7.59540419978
804.6 795.873633311 8.72636668879
788.15 795.873633311 7.72363331121
768.2 769.130488339 0.930488339434
783.2 769.130488339 14.0695116606
742.0 744.827181999 2.82718199914
742.35 744.827181999 2.47718199914
710.15 722.455125934 12.3051259336
722.15 722.455125934 0.305125933626
703.95 701.663613943 2.28638605706
702.6 701.663613943 0.936386057057
678.85 682.198589157 3.34858915679
686.85 682.198589157 4.65141084321
665.55 663.86892494 1.68107506028
671.4 663.86892494 7.53107506028
646.8 646.526475663 0.273524336524
646.5 646.526475663 0.0264756634762
627.65 630.053593212 2.4035932119
635.2 630.053593212 5.1464067881
614.25 614.354954716 0.104954715998
603.55 614.354954716 10.804954716
594.35 599.352010301 5.00201030114
610.85 599.352010301 11.4979896989
589.5 584.979091748 4.52090825168
589.5 584.979091748 4.52090825168
578.0 571.180612164 6.81938783576
571.35 571.180612164 0.169387835762
561.5 557.909004388 3.59099561246
564.45 557.909004388 6.54099561246
548.65 545.123172894 3.52682710641
545.9 545.123172894 0.776827106406
536.7 532.7873109 3.91268909952












---------------------------------------------------------------------------
KeyboardInterrupt                         Traceback (most recent call last)
<ipython-input-17-1ef1ac5f9df5> in <module>()
      1 for h in range(0, 1001):
----> 2     a = phi_fn(bits, sample, radius, h, steps=20)
      3     b = phi2_fn(bits, sample, radius, h)
      4     print('{} {} {}'.format(a, b, abs(a-b)))

<ipython-input-8-ef2a5a8798bb> in phi_fn(n, H, r, d, steps)
      9         bs2.flip_random_bits(d)
     10         selected1 = address_space.scan_thread2(bs1, r)
---> 11         selected2 = address_space.scan_thread2(bs2, r)
     12         x = len(set(selected1) & set(selected2))
     13         v.append(x)

/Users/msbrogli/Dropbox/FGV - Doutorado/working-papers/sdm-framework/docs/notebooks/sdm/__init__.pyc in scan_thread2(self, bs, radius, thread_count)
    224     def scan_thread2(self, bs, radius, thread_count=4):
    225         # See https://docs.python.org/3/library/ctypes.html#type-conversions
--> 226         selected = (c_uint * (self.sample))()
    227         cnt = libsdm.as_scan_thread2(pointer(self), bs.bs_data, c_uint(radius), selected, thread_count)
    228         return selected[:cnt]

KeyboardInterrupt:








          

      

      

    

  

    
      
          
            
  



In [6]:






import sdm as sdmlib
import matplotlib.pyplot as plt









In [20]:






def run(n, H, r, d, steps=100):
    """
    n = bits
    H = number of hardlocations
    r = radius
    d = distance between bitstrings
    """
    as1 = sdmlib.AddressSpace.init_random(n, H)
    v = []
    for _ in range(steps):
        bs1 = sdmlib.Bitstring.init_random(n)
        bs2 = bs1.copy()
        bs2.flip_random_bits(d)
        selected1 = as1.scan_thread2(bs1, r)
        selected2 = as1.scan_thread2(bs2, r)
        x = len(set(selected1) & set(selected2))
        v.append(x)
    return v









In [21]:






v = run(1000, 1000000, 451, 0)









In [22]:






mu = 1.0*sum(v)/len(v)
var = sum((x-mu)**2 for x in v)/len(v)
print('mu', mu)
print('var', var)













('mu', 1070.25)
('var', 1065.5475)








In [23]:






plt.figure(figsize=(8, 6), dpi=300)
plt.hist(v, bins='fd');












[image: ../_images/notebooks_Intersection_of_activated_hard-locations_4_0.png]






          

      

      

    

  

    
      
          
            
  


3.3. Kanerva’s Figure 1.2 (page 25)



In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
from IPython.display import clear_output
%matplotlib inline









In [2]:






bits = 1000
sample = 1000000

address_space = sdmlib.AddressSpace.init_random(bits, sample)









In [3]:






def calculate_probabilities():
    from math import factorial
    comb = lambda a, b: factorial(a)/factorial(b)/factorial(a-b)
    acc = [0]
    for i in xrange(1001):
        acc.append(acc[-1] + comb(1000, i))
    x = range(0, 1001)
    y = [acc[i]/float(2**1000) for i in xrange(1001)]
    return x, y









In [4]:






x, y = calculate_probabilities()
plt.plot(x, y);












[image: ../_images/notebooks_Kanerva's_Figure_1.2_4_0.png]






In [5]:






def run(radius):
    x = range(0, 1001)
    y = []
    for i, dist in enumerate(x):
        clear_output(wait=True)
        print 'Distance: {:4d} ({:.2f}%)'.format(dist, 100.*(i+1)/len(x))

        b1 = sdmlib.Bitstring.init_random(bits)
        b2 = sdmlib.Bitstring.init_from_bitstring(b1)
        b2.flip_random_bits(dist)
        assert b1.distance_to(b2) == dist

        h1 = set(address_space.scan_thread(b1, radius, 4))
        h2 = set(address_space.scan_thread(b2, radius, 4))

        y.append(len(h1&h2))
    return x, y









In [6]:






v = []









In [7]:






v.append((451, run(451)))













Distance: 1000 (100.00%)








In [10]:






v.append((480, run(480)))













Distance: 1000 (100.00%)








In [9]:






v.append((500, run(500)))













Distance: 1000 (100.00%)








In [14]:






plt.figure(figsize=(8, 6), dpi=100)
plt.hold(True)
for d, points in v[:-1]:
    x, y = points
    ymax = max(y)
    y = [float(a)/ymax for a in y]
    plt.plot(x, y, label='Radius: {}'.format(d))
plt.xlabel('Distance between two random bitstrings')
plt.ylabel('Intersection of their circles')
plt.legend()
plt.hold(False)













/Library/Python/2.7/site-packages/ipykernel_launcher.py:2: MatplotlibDeprecationWarning: pyplot.hold is deprecated.
    Future behavior will be consistent with the long-time default:
    plot commands add elements without first clearing the
    Axes and/or Figure.

/Library/Python/2.7/site-packages/ipykernel_launcher.py:11: MatplotlibDeprecationWarning: pyplot.hold is deprecated.
    Future behavior will be consistent with the long-time default:
    plot commands add elements without first clearing the
    Axes and/or Figure.
  # This is added back by InteractiveShellApp.init_path()











[image: ../_images/notebooks_Kanerva's_Figure_1.2_10_1.png]








          

      

      

    

  

    
      
          
            
  


Kanerva’s Table 7.3 (page 70)



In [1]:






import sdm as sdmlib
from sdm import utils
import os
import matplotlib.pyplot as plt
from IPython.display import clear_output
import time
%matplotlib inline









In [2]:






def run(sdm, bits, radius, max_iter=1, sample=1000000):
    for i in range(1000):
        if i%50 == 0:
            clear_output(wait=True)
            print 'Writing 1,000 random bitstrings... {}'.format(i)
        bs = sdmlib.Bitstring.init_random(bits)
        sdm.write(bs, bs)

    b = sdmlib.Bitstring.init_random(bits)
    sdm.write(b, b)

    distances = []
    x = range(0, bits+1)
    t0 = time.time()
    for i, dist in enumerate(x):
        clear_output(wait=True)
        print 'Distance: {:4d} ({:.2f}%)'.format(dist, 100.*(i+1)/len(x))
        c = sdmlib.Bitstring.init_from_bitstring(b)
        c.flip_random_bits(dist)
        assert c.distance_to(b) == dist
        d = sdm.iter_read(c, max_iter=max_iter)
        distances.append(d.distance_to(b))
    t1 = time.time()
    print 'Done! {:.2f} seconds'.format(t1-t0)

    return distances









In [9]:






data = []

bits = 1000
radius = utils.calculate_radius(bits)
print 'Radius: ', radius
sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_OPENCL

address_space = sdmlib.AddressSpace.init_random(bits, sample)
counter = sdmlib.Counter.init_zero(bits, sample)
sdm = sdmlib.SDM(address_space, counter, radius, scanner_type)













Radius:  451








In [10]:






max_iter = 1

for i in xrange(10):
    %time distances = run(sdm, bits, radius, max_iter=max_iter, sample=sample)
    distances = [(1.0*x)/bits for x in distances]
    x = [1.0*x/bits for x in range(len(distances))]
    data.append((x, distances))













Distance: 1000 (100.00%)
Done! 17.64 seconds
CPU times: user 10.2 s, sys: 5.41 s, total: 15.6 s
Wall time: 39.6 s








In [14]:






plt.figure(figsize=(8, 6), dpi=100)
plt.plot(x, x, 'k')
for i, v in enumerate(data):
    x, distances = v
    plt.plot(x, distances, label=str((i+1)*1000))
x = [1.0*x/1000 for x in range(1000)]
plt.plot(x, [0.5]*len(x), 'k:')
plt.title('Kanerva\'s Figure 7.3')
plt.ylabel('New distance (after one read)')
plt.xlabel('Old distance')
plt.legend(bbox_to_anchor=(1.05, 1), loc=2, borderaxespad=0.)
plt.grid()
plt.axis([0, 1, 0, 1]);












[image: ../_images/notebooks_Kanerva-Table-7_-_Experiment_5_0.png]







bits



In [ ]:






bs = sdmlib.Bitstring.init_random(256)









In [ ]:






bs.to_binary()









In [ ]:






len(_34)









In [ ]:






bs.to_hex()









In [ ]:






256/4









In [ ]:






len(_36)











          

      

      

    

  

    
      
          
            
  


Kanerva’s Table 7.3 (page 70)



In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
from IPython.display import clear_output
import random
%matplotlib inline









In [2]:






bits = 1000
sample = 1000000
radius = 451
scanner_type = sdmlib.SDM_SCANNER_OPENCL









In [3]:






#address_space = sdmlib.AddressSpace.init_from_b64_file('sdm-10000w.as')
#counter = sdmlib.Counter.load_file('sdm-10000w')
address_space = sdmlib.AddressSpace.init_random(bits, sample)
counter = sdmlib.Counter.init_zero(bits, sample)
sdm = sdmlib.SDM(address_space, counter, radius, scanner_type)









In [4]:






import time
t0 = time.time()
bitstrings = []
for i in range(10000):
    if i % 100 == 0:
        clear_output(wait=True)
        print i
    bs1 = sdmlib.Bitstring.init_random(1000)
    #bs2 = sdmlib.Bitstring.init_random(1000)
    #bitstrings.append(bs1)
    sdm.write(bs1, bs1)
t1 = time.time()
print t1-t0













9900
41.6387619972








In [5]:






b = sdmlib.Bitstring.init_random(1000)
sdm.write(b, b)









In [6]:






from IPython.display import clear_output

max_iter = 1
samples = 5

distances = []
#x = range(200, 250)
x = range(0, 1001)
for i, dist in enumerate(x):
    clear_output(wait=True)
    print 'Distance: {:4d} ({:.2f}%)'.format(dist, 100.*(i+1)/len(x))
    v = []
    for j in range(samples):
        #b = random.choice(bitstrings)
        c = sdmlib.Bitstring.init_from_bitstring(b)
        c.flip_random_bits(dist)
        assert c.distance_to(b) == dist
        d = sdm.iter_read(c, max_iter=max_iter)
        v.append(d.distance_to(c))
    distances.append(1.0*sum(v)/len(v))
print 'Done!'













Distance: 1000 (100.00%)
Done!








In [9]:






plt.figure(figsize=(8, 8), dpi=300)
plt.plot(x, distances)
plt.plot(x, x, 'k')
plt.plot(x, [500]*len(x), 'k:')
plt.title('Kanerva\'s Suggestion (autoassociative)')
if max_iter == 1:
    plt.ylabel('First step length')
#else:
#    plt.ylabel('New distance (after {} iterative reads)'.format(max_iter))
plt.xlabel('Old distance')
plt.grid()
plt.axis([0, 1000, 0, 1000]);
#plt.axis([x[0], x[-1], x[0], x[-1]]);












[image: ../_images/notebooks_Kanerva-Table-7_-_Kanerva's_Suggestion_7_0.png]






In [ ]:






c = sdmlib.Bitstring.init_from_bitstring(b)
c.flip_random_bits(1000)
d = c
print 0, b.distance_to(d)
for i in xrange(10):
    d = sdm.read(d)
    print i+1, b.distance_to(d)









In [ ]:






distances











          

      

      

    

  

    
      
          
            
  


Kanerva’s Table 7.3 (page 70)



In [1]:






from __future__ import print_function
import sdm as sdmlib
import matplotlib.pyplot as plt
%matplotlib inline









In [2]:






bits = 1000
sample = 1000000
radius = 451
scanner_type = sdmlib.SDM_SCANNER_THREAD









In [3]:






address_space = sdmlib.AddressSpace.init_random(bits, sample)
counter = sdmlib.Counter.init_zero(bits, sample)
sdm = sdmlib.SDM(address_space, counter, radius, scanner_type)









In [4]:






for i in range(10000):
    if i%100 == 0:
        print('!', end='')
    b = sdmlib.Bitstring.init_random(bits)
    sdm.write(b, b)
print('')













!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!








In [5]:






b = sdmlib.Bitstring.init_random(1000)
sdm.write(b, b)









In [6]:






from IPython.display import clear_output
def run(z, samples=3):
    distances = []
    x = range(0, 1001)
    for i, dist in enumerate(x):
        clear_output(wait=True)
        print('z={:5s} Distance: {:4d} ({:.2f}%)'.format(str(z), dist, 100.*(i+1)/len(x)))
        v = []
        for j in range(samples):
            c = sdmlib.Bitstring.init_from_bitstring(b)
            c.flip_random_bits(dist)
            assert c.distance_to(b) == dist
            d = sdm.read(c, z=z)
            v.append(d.distance_to(b))
        distances.append((1.0*sum(v))/len(v))
    print('Done!')
    return distances









In [7]:






d = {}









In [8]:






#z_values = [None, 0, 0.5, 1, 1.5, 2, 2.5, 3]
z_values = [0, 1.5, 3]
for z in z_values:
    d[z] = run(z)













z=3     Distance: 1000 (100.00%)
Done!








In [9]:






plt.figure(figsize=(8, 6), dpi=100)
x = list(range(0, 1001))
v = [(z, d[z]) for z in z_values]
for z, distances in v:
    plt.plot(x, distances, label=str(z))
plt.plot(x, x, 'k')
plt.plot(x, [500]*len(x), 'k:')
plt.title('Kanerva\'s Figure 7.3')
plt.ylabel('New distance (after one read)')
plt.xlabel('Old distance')
plt.legend(bbox_to_anchor=(1.05, 1), loc=2, borderaxespad=0.)
plt.grid()
plt.axis([0, 1000, 0, 1000]);












[image: ../_images/notebooks_Kanerva-Table-7.3_-_Generic_Read_9_0.png]






In [ ]:






plt.figure()
for z, distances in d.items():
    plt.plot(x, distances, label=str(z))
plt.plot(x, x, 'k')
plt.plot(x, [500]*len(x), 'k:')
plt.title('Kanerva\'s Figure 7.3')
plt.ylabel('New distance (after one read)')
plt.xlabel('Old distance')
plt.grid()
plt.axis([0, 1000, 0, 1000]);









In [ ]:






import pickle
pickle.dump(d, open(b'table74.pickle', 'w'))











          

      

      

    

  

    
      
          
            
  


Kanerva’s Table 7.3 (page 70)



In [1]:






import sdm as sdmlib
from sdm import utils
import os
import matplotlib.pyplot as plt
from IPython.display import clear_output
import time
%matplotlib inline









In [6]:






def run(bits, radius, max_iter=1, sample=1000000):
    scanner_type = sdmlib.SDM_SCANNER_OPENCL

    address_space = sdmlib.AddressSpace.init_random(bits, sample)
    counter = sdmlib.Counter.init_zero(bits, sample)
    #counter = sdmlib.Counter.create_file('TO-BE-DELETED', bits, sample)
    sdm = sdmlib.SDM(address_space, counter, radius, scanner_type)

    for i in range(100):
        if i%50 == 0:
            clear_output(wait=True)
            print 'Writing 10,000 random bitstrings... {}'.format(i)
        bs = sdmlib.Bitstring.init_random(bits)
        sdm.write(bs, bs)

    b = sdmlib.Bitstring.init_random(bits)
    sdm.write(b, b)

    distances = []
    x = range(0, bits+1)
    t0 = time.time()
    for i, dist in enumerate(x):
        clear_output(wait=True)
        print 'Distance: {:4d} ({:.2f}%)'.format(dist, 100.*(i+1)/len(x))
        c = sdmlib.Bitstring.init_from_bitstring(b)
        c.flip_random_bits(dist)
        assert c.distance_to(b) == dist
        d = sdm.iter_read(c, max_iter=max_iter)
        distances.append(d.distance_to(b))
    t1 = time.time()
    print 'Done! {:.2f} seconds'.format(t1-t0)

    return distances









In [7]:






data = []









In [8]:






max_iter = 15
sample = 1000000

for bits in [256]:
    radius = utils.calculate_radius(bits)
    print 'Radius: ', radius
    %time distances = run(bits, radius, max_iter=max_iter, sample=sample)
    distances = [(1.0*x)/bits for x in distances]
    x = [1.0*x/bits for x in range(len(distances))]
    data.append((bits, x, distances))













Distance:  256 (100.00%)
Done! 6.78 seconds
CPU times: user 2.89 s, sys: 2.09 s, total: 4.98 s
Wall time: 8.96 s








In [10]:






plt.figure(figsize=(8, 6), dpi=100)
plt.plot(x, x, 'k')
for bits, x, distances in data:
    plt.plot(x, distances, label=str(bits))
x = [1.0*x/1000 for x in range(1000)]
plt.plot(x, [0.5]*len(x), 'k:')
plt.title('Kanerva\'s Figure 7.3')
plt.ylabel('New distance (after {} read)'.format(max_iter))
plt.xlabel('Old distance')
plt.legend(bbox_to_anchor=(1.05, 1), loc=2, borderaxespad=0.)
plt.grid()
plt.axis([0, 1, 0, 1]);












[image: ../_images/notebooks_Kanerva-Table-7.3_-_Multiple_dimensions_5_0.png]






In [ ]:






utils.calculate_radius(256)









In [ ]:






bs = sdmlib.Bitstring.init_random(256)









In [ ]:






bs.to_binary()









In [ ]:






len(_34)









In [ ]:






bs.to_hex()









In [ ]:






256/4









In [ ]:






len(_36)











          

      

      

    

  

    
      
          
            
  


Kanerva’s Table 7.3 (page 70)



In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
from IPython.display import clear_output
%matplotlib inline









In [2]:






bits = 1000
sample = 1000000
radius = 451
scanner_type = sdmlib.SDM_SCANNER_OPENCL









In [3]:






weight = [990, 980, 971, 962, 954, 947, 939, 932, 925, 918, 912, 905, 899, 893, 887, 881, 875, 869, 863, 857, 852, 846, 841, 835, 830, 825, 819, 814, 809, 804, 799, 794, 789, 784, 779, 775, 770, 765, 761, 756, 751, 747, 742, 738, 733, 729, 725, 720, 716, 712, 707, 703, 699, 695, 691, 687, 682, 678, 674, 670, 666, 662, 659, 655, 651, 647, 643, 639, 636, 632, 628, 624, 621, 617, 613, 610, 606, 603, 599, 595, 592, 588, 585, 581, 578, 575, 571, 568, 564, 561, 558, 554, 551, 548, 544, 541, 538, 535, 532, 528, 525, 522, 519, 516, 513, 510, 507, 503, 500, 497, 494, 491, 488, 485, 482, 479, 477, 474, 471, 468, 465, 462, 459, 456, 454, 451, 448, 445, 442, 440, 437, 434, 431, 429, 426, 423, 421, 418, 415, 413, 410, 408, 405, 402, 400, 397, 395, 392, 390, 387, 385, 382, 380, 377, 375, 372, 370, 367, 365, 363, 360, 358, 355, 353, 351, 348, 346, 344, 341, 339, 337, 335, 332, 330, 328, 326, 323, 321, 319, 317, 314, 312, 310, 308, 306, 304, 302, 299, 297, 295, 293, 291, 289, 287, 285, 283, 281, 279, 277, 275, 273, 271, 269, 267, 265, 263, 261, 259, 257, 255, 253, 251, 249, 247, 246, 244, 242, 240, 238, 236, 235, 233, 231, 229, 227, 225, 224, 222, 220, 218, 217, 215, 213, 211, 210, 208, 206, 205, 203, 201, 200, 198, 196, 195, 193, 191, 190, 188, 187, 185, 183, 182, 180, 179, 177, 176, 174, 173, 171, 170, 168, 167, 165, 164, 162, 161, 159, 158, 156, 155, 153, 152, 150, 149, 148, 146, 145, 143, 142, 141, 139, 138, 137, 135, 134, 133, 131, 130, 129, 127, 126, 125, 124, 122, 121, 120, 118, 117, 116, 115, 114, 112, 111, 110, 109, 108, 106, 105, 104, 103, 102, 101, 99, 98, 97, 96, 95, 94, 93, 92, 90, 89, 88, 87, 86, 85, 84, 83, 82, 81, 80, 79, 78, 77, 76, 75, 74, 73, 72, 71, 70, 69, 68, 67, 66, 65, 64, 64, 63, 62, 61, 60, 59, 58, 57, 56, 56, 55, 54, 53, 52, 51, 51, 50, 49, 48, 47, 47, 46, 45, 44, 43, 43, 42, 41, 40, 40, 39, 38, 38, 37, 36, 35, 35, 34, 33, 33, 32, 31, 31, 30, 29, 29, 28, 28, 27, 26, 26, 25, 25, 24, 23, 23, 22, 22, 21, 21, 20, 19, 19, 18, 18, 17, 17, 16, 16, 15, 15, 14, 14, 13, 13, 13, 12, 12, 11, 11, 10, 10, 10, 9, 9, 8, 8, 8, 7, 7, 6, 6, 6, 5, 5, 5, 4, 4, 4, 3, 3, 3, 2, 2, 2]
weight += [0]*(bits+1 - len(weight))









In [4]:






plt.figure(figsize=(8, 6), dpi=100)
#plt.plot(range(425, radius+1), weight[425:radius+1], 'k')
plt.plot(range(0, radius+1), weight[0:radius+1], 'k')
plt.grid()
plt.show()
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In [5]:






address_space = sdmlib.AddressSpace.init_random(bits, sample)
counter = sdmlib.Counter.init_zero(bits, sample)
sdm = sdmlib.SDM(address_space, counter, radius, scanner_type)









In [6]:






for i in range(10000):
    clear_output(wait=True)
    print i
    bs = sdmlib.Bitstring.init_random(1000)
    sdm.write(bs, bs)#, weight=weight)













9999








In [7]:






b = sdmlib.Bitstring.init_random(1000)
sdm.write(b, b, weight=weight)









In [8]:






from IPython.display import clear_output

samples = 1

distances = []
x = range(0, 500)
#x = range(200, 220)
for i, dist in enumerate(x):
    clear_output(wait=True)
    print 'Distance: {:4d} ({:.2f}%)'.format(dist, 100.*(i+1)/len(x))
    v = []
    for j in range(samples):
        c = sdmlib.Bitstring.init_from_bitstring(b)
        c.flip_random_bits(dist)
        assert c.distance_to(b) == dist
        d = sdm.iter_read(c, max_iter=15)
        v.append(d.distance_to(b))
    distances.append(1.0*sum(v)/len(v))
print 'Done!'













Distance:  499 (100.00%)
Done!








In [9]:






plt.figure(figsize=(8, 6), dpi=100)
plt.plot(x, distances)
plt.plot(x, x, 'k')
plt.plot(x, [500]*len(x), 'k:')
plt.title('Weighted write using information theory')
plt.ylabel('New distance (after 15 iterative readings and 60 samples)')
plt.xlabel('Old distance')
plt.grid()
plt.axis([x[0], x[-1], 0, 600]);
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In [ ]:






plt.figure(figsize=(8, 6), dpi=100)
plt.plot(x, distances)
plt.plot(x, x, 'k')
plt.plot(x, [500]*len(x), 'k:')
plt.title('Weighted write using information theory')
plt.ylabel('New distance (after 15 iterative reads)')
plt.xlabel('Old distance')
plt.grid()
plt.axis([0, 1000, 0, 1000]);









In [ ]:






c = sdmlib.Bitstring.init_from_bitstring(b)
c.flip_random_bits(1000)
d = c
print 0, b.distance_to(d)
for i in xrange(10):
    d = sdm.read(d)
    print i+1, b.distance_to(d)











          

      

      

    

  

    
      
          
            
  



In [5]:






from scipy.stats import binom
import sdm as sdmlib
import matplotlib.pyplot as plt









In [99]:






_phi_fn_cache = {}
def phi_fn(n, H, r, d, steps=500):
    key = (n, H, r, d, steps)
    if key in _phi_fn_cache:
        return _phi_fn_cache[key]
    v = []
    for _ in range(steps):
        bs1 = sdmlib.Bitstring.init_random(n)
        bs2 = bs1.copy()
        bs2.flip_random_bits(d)
        selected1 = address_space.scan_opencl2(bs1, r)
        selected2 = address_space.scan_opencl2(bs2, r)
        x = len(set(selected1) & set(selected2))
        v.append(x)
    mu = 1.0*sum(v)/len(v)
    _phi_fn_cache[key] = mu
    return mu









In [100]:






n = 1000
sample = 1000000
r = 451

address_space = sdmlib.AddressSpace.init_random(n, sample)
address_space.opencl_init()









Out[100]:






0









In [101]:






training_set = 200
training_noise = 0.15
training_value = training_set*(1-2*training_noise)









In [102]:






training_shared









Out[102]:






174.66









In [103]:






activated_hls = phi_fn(n, sample, r, 0, steps=200)









In [104]:






activated_hls = int(activated_hls+0.5)









In [110]:






x_values = range(40, 51)
y_values = []
for x in x_values:
    dist = int(x*n/100.0)
    shared = phi_fn(n, sample, r, dist, steps=250)
    shared = int(shared+0.5)
    print(x, training_value, shared, training_value*shared, activated_hls - shared)
    y = binom.cdf(training_value*shared, activated_hls - shared, 0.5)
    y_values.append(y)













40 140.0 7 980.0 1066
41 140.0 7 980.0 1066
42 140.0 5 700.0 1068
43 140.0 5 700.0 1068
44 140.0 4 560.0 1069
45 140.0 3 420.0 1070
46 140.0 3 420.0 1070
47 140.0 2 280.0 1071
48 140.0 2 280.0 1071
49 140.0 1 140.0 1072
50 140.0 1 140.0 1072








In [111]:






plt.figure(figsize=(6, 6), dpi=300)
plt.plot(x_values, y_values)
plt.grid()
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In [21]:






y_values









Out[21]:






[1.0,
 1.0,
 0.9999999999999999,
 0.9999999999999999,
 0.9999999999999999,
 0.07102207538289855,
 1.254463503866384e-33,
 1.254463503866384e-33,
 1.254463503866384e-33,
 5.389840597697583e-121,
 5.389840597697583e-121]









          

      

      

    

  

    
      
          
            
  


Noise filter



In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
from PIL import Image, ImageDraw, ImageFont
import urllib, cStringIO
import random
from IPython.core.display import display, Image as IPythonImage
%matplotlib inline









In [2]:






width = 30
height = 30
noise_flip = True









In [3]:






def gen_img(letter='A'):
    img = Image.new('RGBA', (30, 30), (255, 255, 255))
    font = ImageFont.truetype('Arial.ttf', 30)
    draw = ImageDraw.Draw(img)
    draw.text((5, 0), letter, (0, 0, 0), font=font)
    return img









In [4]:






def gen_noise_add(img, p=0.15, flip=False):
    img2 = img.copy()
    draw = ImageDraw.Draw(img2)
    for py in xrange(height):
        for px in xrange(width):
            if random.random() < p:
                if flip:
                    pixel = img.getpixel((px, py))
                    value = sum([int(x/255+0.5) for x in pixel[:3]])//3
                    assert value == 0 or value == 1
                    value = (1 - value)*255
                    draw.point((px, py), fill=(value, value, value))
                else:
                    draw.point((px, py), fill=(0, 0, 0))
    return img2









In [5]:






img = gen_img();
img2 = gen_noise_add(img, flip=noise_flip)
plt.subplot(1, 2, 1)
plt.imshow(img)
plt.subplot(1, 2, 2)
plt.imshow(img2);
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In [6]:






def to_bitstring(img):
    v = []
    bs = sdmlib.Bitstring.init_ones(1000)
    for py in xrange(height):
        for px in xrange(width):
            pixel = img.getpixel((px, py))
            value = sum([int(x/255+0.5) for x in pixel[:3]])//3
            assert value == 0 or value == 1
            idx = px+width*py
            assert idx >= 0 and idx < 1000, 'Ops {} {} {}'.format(x, y, idx)
            bs.set_bit(idx, value)
            v.append(value)
    v2 = [bs.get_bit(i) for i in xrange(height*width)]
    assert v == v2
    return bs









In [7]:






def to_img(bs):
    img = Image.new('RGBA', (30, 30), (255, 255, 255))
    draw = ImageDraw.Draw(img)
    for py in xrange(height):
        for px in xrange(width):
            idx = px+width*py
            assert idx >= 0 and idx < 1000, 'Ops {} {} {}'.format(x, y, idx)
            x = 255*bs.get_bit(idx)
            draw.point((px, py), fill=(x, x, x))
    return img









In [8]:






bits = 1000
sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_OPENCL









In [9]:






address_space = sdmlib.AddressSpace.init_from_b64_file('sdm-letters.as')
counter = sdmlib.Counter.load_file('sdm-letters')
sdm = sdmlib.SDM(address_space, counter, 451, scanner_type)









In [32]:






def read(letter, n=6, p=0.25):
    n = 20
    cols = 7
    rows = n//cols + 1
    plt.figure(figsize=(20,10))

    img = gen_img(letter=letter);
    img2 = gen_noise_add(img, p=p, flip=noise_flip)
    plt.subplot(rows, cols, 1)
    plt.imshow(img2)

    for i in xrange(n):
        bs2 = to_bitstring(img2)
        bs3 = sdm.read(bs2)
        if bs3 == bs2:
            break
        img3 = to_img(bs3)
        plt.subplot(rows, cols, i+2)
        plt.imshow(img3)
        img2 = img3









In [35]:






read('Q', p=0)
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Noise filter



In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
from PIL import Image, ImageDraw, ImageFont
import urllib, cStringIO
import random
from IPython.core.display import display, Image as IPythonImage
%matplotlib inline









In [2]:






width = 30
height = 30
noise_flip = True









In [3]:






def gen_img(letter='A'):
    img = Image.new('RGBA', (30, 30), (255, 255, 255))
    font = ImageFont.truetype('Arial.ttf', 30)
    draw = ImageDraw.Draw(img)
    draw.text((5, 0), letter, (0, 0, 0), font=font)
    return img









In [4]:






def gen_noise_add(img, p=0.15, flip=False):
    img2 = img.copy()
    draw = ImageDraw.Draw(img2)
    for py in xrange(height):
        for px in xrange(width):
            if random.random() < p:
                if flip:
                    pixel = img.getpixel((px, py))
                    value = sum([int(x/255+0.5) for x in pixel[:3]])//3
                    assert value == 0 or value == 1
                    value = (1 - value)*255
                    draw.point((px, py), fill=(value, value, value))
                else:
                    draw.point((px, py), fill=(0, 0, 0))
    return img2









In [5]:






img = gen_img();
img2 = gen_noise_add(img, p=0.05, flip=noise_flip)
plt.subplot(1, 2, 1)
plt.imshow(img)
plt.subplot(1, 2, 2)
plt.imshow(img2);
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In [6]:






def to_bitstring(img):
    v = []
    bs = sdmlib.Bitstring.init_ones(1000)
    for py in xrange(height):
        for px in xrange(width):
            pixel = img.getpixel((px, py))
            value = sum([int(x/255+0.5) for x in pixel[:3]])//3
            assert value == 0 or value == 1
            idx = px+width*py
            assert idx >= 0 and idx < 1000, 'Ops {} {} {}'.format(x, y, idx)
            bs.set_bit(idx, value)
            v.append(value)
    v2 = [bs.get_bit(i) for i in xrange(height*width)]
    assert v == v2
    return bs









In [7]:






def to_img(bs):
    img = Image.new('RGBA', (30, 30), (255, 255, 255))
    draw = ImageDraw.Draw(img)
    for py in xrange(height):
        for px in xrange(width):
            idx = px+width*py
            assert idx >= 0 and idx < 1000, 'Ops {} {} {}'.format(x, y, idx)
            x = 255*bs.get_bit(idx)
            draw.point((px, py), fill=(x, x, x))
    return img









In [8]:






bits = 1000
sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_OPENCL









In [9]:






address_space = sdmlib.AddressSpace.init_from_b64_file('sdm-letters.as')
counter = sdmlib.Counter.create_file('sdm-letters-p10', bits, sample)
sdm = sdmlib.SDM(address_space, counter, 451, scanner_type)









In [10]:






def fill_memory(letter, p=0.01, n=100):
    cols = 15
    rows = n//cols + 1
    plt.figure(figsize=(20,10))
    for i in xrange(n):
        img = gen_img(letter=letter);
        img2 = gen_noise_add(img, p=p, flip=noise_flip)
        #display(img2)
        plt.subplot(rows, cols, i+1)
        plt.imshow(img2)
        bs = to_bitstring(img2)
        sdm.write(bs, bs)
    plt.show()









In [11]:






def read(letter, n=6, p=0.1):
    n = 20
    cols = 7
    rows = n//cols + 1
    plt.figure(figsize=(20,10))

    img = gen_img(letter=letter);
    img2 = gen_noise_add(img, p=p, flip=noise_flip)
    plt.subplot(rows, cols, 1)
    plt.imshow(img2)

    for i in xrange(n):
        bs2 = to_bitstring(img2)
        bs3 = sdm.read(bs2)
        if bs3 == bs2:
            break
        img3 = to_img(bs3)
        plt.subplot(rows, cols, i+2)
        plt.imshow(img3)
        img2 = img3









In [12]:






fill_memory('A')
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In [13]:






read('A')
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In [14]:






fill_memory('B')
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In [15]:






read('A')
read('B')
read('8')
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In [16]:






fill_memory('C')
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In [17]:






read('A')
read('B')
read('C')
read('D')
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In [18]:






fill_memory('D')
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In [19]:






read('A')
read('B')
read('C')
read('D')
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Noise filter with labels



In [2]:






import sdm as sdmlib
import matplotlib.pyplot as plt
from PIL import Image, ImageDraw, ImageFont
import urllib, cStringIO
import random
from IPython.core.display import display, Image as IPythonImage
%matplotlib inline









In [3]:






width = 30
height = 30
noise_flip = True









In [16]:






def gen_img(letter='A'):
    img = Image.new('RGBA', (width, height), (255, 255, 255))
    font = ImageFont.truetype('Arial.ttf', 30)
    draw = ImageDraw.Draw(img)
    w, h = draw.textsize(letter, font=font)
    top = (height-w)//2
    left = (width-h)//2 if h <= 30 else 30-2-h
    draw.text((top, left), letter, (0, 0, 0), font=font)
    return img









In [17]:






def gen_noise_add(img, p=0.15, flip=False):
    img2 = img.copy()
    draw = ImageDraw.Draw(img2)
    for py in xrange(height):
        for px in xrange(width):
            if random.random() < p:
                if flip:
                    pixel = img.getpixel((px, py))
                    value = sum([int(x/255+0.5) for x in pixel[:3]])//3
                    assert value == 0 or value == 1
                    value = (1 - value)*255
                    draw.point((px, py), fill=(value, value, value))
                else:
                    draw.point((px, py), fill=(0, 0, 0))
    return img2









In [18]:






img = gen_img();
img2 = gen_noise_add(img, flip=noise_flip)
plt.subplot(1, 2, 1)
plt.imshow(img)
plt.subplot(1, 2, 2)
plt.imshow(img2);
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In [7]:






def to_bitstring(img):
    v = []
    bs = sdmlib.Bitstring.init_ones(1000)
    for py in xrange(height):
        for px in xrange(width):
            pixel = img.getpixel((px, py))
            value = sum([int(x/255+0.5) for x in pixel[:3]])//3
            assert value == 0 or value == 1
            idx = px+width*py
            assert idx >= 0 and idx < 1000, 'Ops {} {} {}'.format(x, y, idx)
            bs.set_bit(idx, value)
            v.append(value)
    v2 = [bs.get_bit(i) for i in xrange(height*width)]
    assert v == v2
    return bs









In [8]:






def to_img(bs):
    img = Image.new('RGBA', (30, 30), (255, 255, 255))
    draw = ImageDraw.Draw(img)
    for py in xrange(height):
        for px in xrange(width):
            idx = px+width*py
            assert idx >= 0 and idx < 1000, 'Ops {} {} {}'.format(x, y, idx)
            x = 255*bs.get_bit(idx)
            draw.point((px, py), fill=(x, x, x))
    return img









In [9]:






bits = 1000
sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_OPENCL









In [10]:






address_space = sdmlib.AddressSpace.init_random(bits, sample)
counter = sdmlib.Counter.init_zero(bits, sample)
sdm = sdmlib.SDM(address_space, counter, 451, scanner_type)









In [11]:






sdm.write_random_bitstrings(500)









In [12]:






def fill_memory(letter, p=0.15, n=100):
    cols = 15
    rows = n//cols + 1
    plt.figure(figsize=(20,10))
    for i in xrange(n):
        img = gen_img(letter=letter);
        img2 = gen_noise_add(img, flip=noise_flip)
        #display(img2)
        plt.subplot(rows, cols, i+1)
        plt.imshow(img2)
        bs = to_bitstring(img2)
        sdm.write(bs, bs)









In [13]:






fill_memory('A')
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In [14]:






def read(letter, n=6, p=0.25):
    n = 6
    cols = 7
    rows = n//cols + 1
    plt.figure(figsize=(20,10))

    img = gen_img(letter=letter);
    img2 = gen_noise_add(img, p=p, flip=noise_flip)
    plt.subplot(rows, cols, 1)
    plt.imshow(img2)

    for i in xrange(n):
        bs2 = to_bitstring(img2)
        bs3 = sdm.read(bs2)
        img3 = to_img(bs3)
        plt.subplot(rows, cols, i+2)
        plt.imshow(img3)
        img2 = img3









In [22]:






read('W', p=0.)
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In [15]:






read('I', p=0.42)
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In [12]:






v = []
for p in [0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45]:
    img = gen_img(letter='A');
    img2 = gen_noise_add(img, p=p, flip=noise_flip)
    v.append(img2)

fig = plt.figure(figsize=(8, 6), dpi=200)
for i, img in enumerate(v):
    plt.subplot(1, 10, i+1)
    plt.imshow(img, label=str(p))
plt.subplots_adjust(bottom=0.1, right=2.0, top=0.9)
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In [8]:






from __future__ import print_function
import sdm as sdmlib
from sdm import utils
import numpy as np
import matplotlib.mlab as mlab
from IPython.display import clear_output
import matplotlib.pyplot as plt









In [9]:






#bits, radius = 1000, 451
bits, radius = 256, 103
p = utils.calculate_probability(bits, radius)
#p = 0.00107185004892

sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_OPENCL

address_space = sdmlib.AddressSpace.init_random(bits, sample)
address_space.opencl_init();









In [10]:






p









Out[10]:






0.0010668455863780898









In [11]:






counter = []









In [12]:






for i in range(10000):
    if i%100 == 0:
        clear_output(wait=True)
        print(i)
    bs = sdmlib.Bitstring.init_random(bits)
    result = address_space.scan_opencl2(bs, radius)
    counter.append(len(result))













9900








In [13]:






mu = sample*p
sigma = (sample*p*(1-p))**(0.5)
x = np.linspace(0, 2000, 2000)
y = mlab.normpdf(x, mu, sigma)
print(mu)
print(sigma)













1066.8455863780898
32.64517463382476








In [14]:






plt.figure(figsize=(8, 6), dpi=100)
plt.hist(counter, bins=50, density=True)
label = u'$\mu={:.2f}$, $\sigma={:.2f}$'.format(mu, sigma)
plt.plot(x, y, 'r', linewidth=2.0, label=label)
plt.xlim(mu-4.5*sigma, mu+4.5*sigma)
plt.legend()
plt.show()
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In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
import time
from collections import defaultdict, OrderedDict
from IPython.display import clear_output
%matplotlib inline









In [43]:






class Timer(object):
    def __init__(self):
        self.stats = OrderedDict()
        self.current_stats = None

    def start(self, key, name):
        self.current_stats = {
            'name': name,
            't0_loops': [],
            't0': time.time(),
        }
        self.stats[key] = self.current_stats
        self.t0 = time.time()

    def measure_loop(self):
        self.current_stats['t0_loops'].append(time.time())

    def end(self):
        d = self.current_stats
        d['dt'] = time.time() - d['t0']
        if d['t0_loops']:
            d['number-of-loops'] = len(d['t0_loops'])
            d['loops-per-second'] = d['number-of-loops'] / d['dt']
            d['loops'] = []

            t0 = d['t0']
            for t1 in d['t0_loops']:
                d['loops'].append(t1-t0)
                t0 = t1
        d.pop('t0')
        d.pop('t0_loops')
        self.current_stats = None








Part 1 - Compare scanners



In [3]:






def run_part1(bits, sample, radius, nlinear=1000, nthread=5000, nopencl=5000):
    address_space = sdmlib.AddressSpace.init_random(bits, sample)
    address_space.opencl_init();

    timer = Timer()

    print('Running linear scan...')
    timer.start('scan_linear', 'Linear scan')
    for i in range(nlinear):
        bs = sdmlib.Bitstring.init_random(bits)
        address_space.scan_linear2(bs, radius)
        timer.measure_loop()
    timer.end()

    timer.start('scan_thread', 'Thread scan')
    print('Running thread scan...')
    for i in range(nthread):
        bs = sdmlib.Bitstring.init_random(bits)
        address_space.scan_thread2(bs, radius)
        timer.measure_loop()
    timer.end()

    timer.start('scan_opencl', 'OpenCL scan')
    print('Running OpenCL scan...')
    for i in range(nopencl):
        bs = sdmlib.Bitstring.init_random(bits)
        address_space.scan_opencl2(bs, radius)
        timer.measure_loop()
    timer.end()

    return timer









In [1]:






def results_part1(bits, timer):
    from IPython.display import display, Markdown
    v = [['', 'Loops', 'Total time', 'Scans per second', 'Time per scan (ms)']]
    v.append(['---', '---:', '---:', '---:', '---:'])
    for key in ['scan_linear', 'scan_thread', 'scan_opencl']:
        stats = timer.stats[key]
        v.append([
            stats['name'],
            stats['number-of-loops'],
            stats['dt'],
            stats['loops-per-second'],
            1000.0 / stats['loops-per-second'],
        ])
    txt = '\n'.join(['|'.join([str(x) for x in row]) for row in v])
    display(Markdown(txt))

    latex = '\\ \hfill\n'.join([' & '.join([str(x) for x in row]) for row in v])
    print latex

    plt.figure(figsize=(8, 6), dpi=300)
    plt.hist([1000*x for x in timer.stats['scan_linear']['loops']], bins='fd', density=True, alpha=0.9, label='Linear scan')
    plt.hist([1000*x for x in timer.stats['scan_thread']['loops']], bins='fd', density=True, alpha=0.9, label='Thread scan')
    plt.hist([1000*x for x in timer.stats['scan_opencl']['loops']], bins='fd', density=True, alpha=0.9, label='OpenCL scan')
    plt.legend()
    plt.title('Scan performance ($n={}$ bits)'.format(bits))
    plt.xlabel('Scan duration (ms)')
    plt.ylabel('Probability')









In [5]:






timer1000 = run_part1(1000, 1000000, 451)













Running linear scan...
Running thread scan...
Running OpenCL scan...








In [2]:






results_part1(1000, timer1000)













---------------------------------------------------------------------------
NameError                                 Traceback (most recent call last)
<ipython-input-2-a035b0257bcc> in <module>()
----> 1 results_part1(1000, timer1000)

NameError: name 'timer1000' is not defined








In [7]:






timer256 = run_part1(256, 1000000, 103)













Running linear scan...
Running thread scan...
Running OpenCL scan...








In [3]:






results_part1(256, timer256)
plt.xlim(2.4, 7.5);













---------------------------------------------------------------------------
NameError                                 Traceback (most recent call last)
<ipython-input-3-99232e66ec25> in <module>()
----> 1 results_part1(256, timer256)
      2 plt.xlim(2.4, 7.5);

NameError: name 'timer256' is not defined








In [9]:






timer10k = run_part1(10000, 1000000, 4845, nlinear=100, nthread=500, nopencl=1000)













Running linear scan...
Running thread scan...
Running OpenCL scan...








In [14]:






results_part1(10000, timer10k)
plt.xlim(7, 150);





















[image: ../_images/notebooks_Performance_test_10_1.png]







Part 2 - Compare scanners read/write



In [18]:






def read_write(key, name, timer, bits, sample, radius, scanner_type, n):
    address_space = sdmlib.AddressSpace.init_random(bits, sample)
    counter = sdmlib.Counter.init_zero(bits, sample)
    sdm = sdmlib.SDM(address_space, counter, radius, scanner_type)

    timer.start('write_{}'.format(key), '{} write'.format(name))
    for _ in range(n):
        bs = sdmlib.Bitstring.init_random(bits)
        sdm.write(bs, bs)
        timer.measure_loop()
    timer.end()

    timer.start('read_{}'.format(key), '{} single read'.format(name))
    for _ in range(n):
        bs = sdmlib.Bitstring.init_random(bits)
        sdm.read(bs)
        timer.measure_loop()
    timer.end()

    return timer









In [23]:






def run_part2(bits, sample, radius, nthread=1000, nopencl=1000):
    timer = Timer()
    print 'Running thread...'
    read_write('thread', 'Thread', timer, bits, sample, radius, sdmlib.SDM_SCANNER_THREAD, n=nthread)
    print 'Running OpenCL...'
    read_write('opencl', 'OpenCL', timer, bits, sample, radius, sdmlib.SDM_SCANNER_OPENCL, n=nopencl)
    return timer









In [65]:






def results_part2(bits, timer, hist_xlim=None):
    from IPython.display import display, Markdown
    v = [['', 'Loops', 'Total time', 'Operation per second', 'Time per operation (ms)']]
    v.append(['---', '---:', '---:', '---:', '---:'])
    for key in timer.stats.keys():
        stats = timer.stats[key]
        v.append([
            stats['name'],
            stats['number-of-loops'],
            stats['dt'],
            stats['loops-per-second'],
            1000.0 / stats['loops-per-second'],
        ])
    txt = '\n'.join(['|'.join([str(x) for x in row]) for row in v])
    display(Markdown(txt))

    plt.figure(figsize=(8, 6), dpi=300)
    for key in ['write_thread', 'write_opencl']:
        stats = timer.stats[key]
        plt.hist([1000*x for x in stats['loops']], bins='fd', density=True, alpha=0.9, label=stats['name'])
    plt.legend()
    plt.title('Write performance ($n={}$ bits)'.format(bits))
    plt.xlabel('Scan duration (ms)')
    plt.ylabel('Probability')
    if hist_xlim:
        plt.xlim(*hist_xlim)
    plt.show()

    plt.figure(figsize=(8, 6), dpi=300)
    for key in ['read_thread', 'read_opencl']:
        stats = timer.stats[key]
        plt.hist([1000*x for x in stats['loops']], bins='fd', density=True, alpha=0.9, label=stats['name'])
    plt.legend()
    plt.title('Read performance ($n={}$ bits)'.format(bits))
    plt.xlabel('Scan duration (ms)')
    plt.ylabel('Probability')
    if hist_xlim:
        plt.xlim(*hist_xlim)









In [40]:






p2timer1000 = run_part2(1000, 1000000, 451, nthread=1000, nopencl=1000)













Running thread...
Running OpenCL...








In [67]:






results_part2(1000, p2timer1000, hist_xlim=(0, 23))
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In [53]:






p2timer256 = run_part2(256, 1000000, 103, nthread=2000, nopencl=2000)













Running thread...
Running OpenCL...








In [61]:






results_part2(256, p2timer256, hist_xlim=(0, 8))
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In [ ]:






#p2timer10k = run_part2(10000, 1000000, 4845, nthread=500, nopencl=1000)













Running thread...








In [ ]:






#results_part2(10000, p2timer10k, hist1_xlim=(0, 8), hist2_xlim=(0, 8))








Part 3 - Kernels comparison



In [57]:






def run_part3(bits, sample, radius, n=1000):
    address_space = sdmlib.AddressSpace.init_random(bits, sample)
    address_space.opencl_init()
    #address_space.opencl_opts.verbose = 1
    bs = sdmlib.Bitstring.init_random(bits)
    expected = set(address_space.scan_opencl2(bs, radius))

    timer = Timer()
    for kernel in sdmlib.OPENCL_KERNEL_NAMES:
        address_space.set_opencl_kernel(kernel)

        print('Running kernel {}...'.format(kernel))
        timer.start(kernel, kernel)
        for _ in range(n):
            address_space.scan_opencl2(bs, radius)
            timer.measure_loop()
        timer.end()
    return timer









In [70]:






def results_part3(bits, timer, hist_xlim=None):
    from IPython.display import display, Markdown
    v = [['', 'Loops', 'Total time', 'Scans per second', 'Time per scan (ms)']]
    v.append([':---', '---:', '---:', '---:', '---:'])
    for key in timer.stats.keys():
        stats = timer.stats[key]
        v.append([
            stats['name'],
            stats['number-of-loops'],
            stats['dt'],
            stats['loops-per-second'],
            1000.0 / stats['loops-per-second'],
        ])
    txt = '\n'.join(['|'.join([str(x) for x in row]) for row in v])
    display(Markdown(txt))

    plt.figure(figsize=(8, 6), dpi=300)
    for key in timer.stats.keys():
        stats = timer.stats[key]
        plt.hist([1000*x for x in stats['loops']], bins='fd', density=True, alpha=0.75, label=stats['name'])
    plt.legend()
    plt.title('Kernels performance ($n={}$ bits)'.format(bits))
    plt.xlabel('Scan duration (ms)')
    plt.ylabel('Probability')
    if hist_xlim:
        plt.xlim(*hist_xlim)
    plt.show()









In [58]:






p3timer1000 = run_part3(1000, 1000000, 451, n=3000)













Running kernel single_scan0...
Running kernel single_scan1...
Running kernel single_scan2...
Running kernel single_scan3...
Running kernel single_scan4...
Running kernel single_scan5...
Running kernel single_scan5_unroll...
Running kernel single_scan6...








In [79]:






results_part3(1000, p3timer1000, hist_xlim=(2, 7))
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In [72]:






p3timer256 = run_part3(256, 1000000, 103, n=3000)













Running kernel single_scan0...
Running kernel single_scan1...
Running kernel single_scan2...
Running kernel single_scan3...
Running kernel single_scan4...
Running kernel single_scan5...
Running kernel single_scan5_unroll...
Running kernel single_scan6...








In [75]:






results_part3(256, p3timer256, hist_xlim=(2, 7))
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In [76]:






p3timer10k = run_part3(10000, 1000000, 4845, n=500)













Running kernel single_scan0...
Running kernel single_scan1...
Running kernel single_scan2...
Running kernel single_scan3...
Running kernel single_scan4...
Running kernel single_scan5...
Running kernel single_scan5_unroll...
Running kernel single_scan6...








In [82]:






results_part3(10000, p3timer10k, hist_xlim=(8, 70))
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In [84]:






results_part3(10000, p3timer10k, hist_xlim=(10, 15))





















[image: ../_images/notebooks_Performance_test_30_1.png]










          

      

      

    

  

    
      
          
            
  



In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
%matplotlib inline









In [2]:






bits = 1000
sample = 1000000
radius = 451
scanner_type = sdmlib.SDM_SCANNER_THREAD









In [3]:






address_space = sdmlib.AddressSpace.init_random(bits, sample)
counter = sdmlib.Counter.init_zero(bits, sample)
sdm = sdmlib.SDM(address_space, counter, radius, scanner_type)









In [4]:






sdm.write_random_bitstrings(10000)









In [5]:






b = sdmlib.Bitstring.init_random(1000)
sdm.write(b, b)









In [13]:






from IPython.display import clear_output
def run(prefix=''):
    distances = []
    x = range(0, 1001)
    for i, dist in enumerate(x):
        clear_output(wait=True)
        print '{}Distance: {:4d} ({:.2f}%)'.format(prefix, dist, 100.*(i+1)/len(x))
        c = sdmlib.Bitstring.init_from_bitstring(b)
        c.flip_random_bits(dist)
        assert c.distance_to(b) == dist
        d = sdm.read(c)
        distances.append(d.distance_to(b))
    print 'Done!'
    return distances









In [7]:






distances = []
killed = 0
start = 900000
end = 1000000
step = 10000









In [8]:






distances.append((killed, run()))













Distance: 1000 (100.00%)
Done!








In [10]:






import random
order = range(1000000)
random.shuffle(order)









In [11]:






while killed < start:
    sdm.reset_hardlocation(order[killed])
    killed += 1









In [12]:






print killed













900000








In [14]:






while killed < end:
    cur = killed
    while killed < cur + step:
        sdm.reset_hardlocation(order[killed])
        killed += 1
    distances.append((killed, run('[{}] '.format(killed))))













[1000000] Distance: 1000 (100.00%)
Done!








In [17]:






x = range(0, 1001)
plt.figure(figsize=(8, 6), dpi=100)
for killed, dist in [distances[0]] + distances[1:]:
    plt.plot(x, dist, label=str(killed), alpha=0.7)
plt.plot(x, x, 'k')
plt.plot(x, [500]*len(x), 'k:')
plt.title('Effect of hard-location reset')
plt.ylabel('New distance (after 15 iterative reads)')
plt.xlabel('Old distance')
plt.grid()
plt.legend(bbox_to_anchor=(1.05, 1), loc=2, borderaxespad=0.)
plt.axis([0, 1000, 0, 1000]);
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In [1]:






from __future__ import print_function
import sdm as sdmlib
import matplotlib.pyplot as plt
%matplotlib inline









In [2]:






bits = 1000
sample = 1000000
radius = 451
scanner_type = sdmlib.SDM_SCANNER_THREAD









In [3]:






def write_sequence(sdms, bs_list):
    n = len(bs_list)
    for k in range(1, n+1):
        for i in range(n-k):
            print('Writing {} -> {} into sdm {}'.format(i, i+k, k-1))
            sdms[k-1].write(bs_list[i], bs_list[i+k])









In [4]:






address_space = sdmlib.AddressSpace.init_random(bits, sample)









In [5]:






bitstrings = {}
for x in ['A', 'B', 'C', 'D', 'E', 'F']:
    bitstrings[x] = sdmlib.Bitstring.init_random(bits)









In [6]:






def get_bs_sequence(seq):
    v = []
    for x in seq:
        v.append(bitstrings[x])
    return v









In [7]:






counter1 = sdmlib.Counter.create_file('seq-c1', bits, sample)
sdm1 = sdmlib.SDM(address_space, counter1, radius, scanner_type)









In [8]:






counter2 = sdmlib.Counter.create_file('seq-c2', bits, sample)
sdm2 = sdmlib.SDM(address_space, counter2, radius, scanner_type)









In [9]:






counter3 = sdmlib.Counter.create_file('seq-c3', bits, sample)
sdm3 = sdmlib.SDM(address_space, counter3, radius, scanner_type)









In [10]:






write_sequence([sdm1, sdm2, sdm3], get_bs_sequence('ABCD'))













Writing 0 -> 1 into sdm 0
Writing 1 -> 2 into sdm 0
Writing 2 -> 3 into sdm 0
Writing 0 -> 2 into sdm 1
Writing 1 -> 3 into sdm 1
Writing 0 -> 3 into sdm 2








In [11]:






write_sequence([sdm1, sdm2, sdm3], get_bs_sequence('EBCF'))













Writing 0 -> 1 into sdm 0
Writing 1 -> 2 into sdm 0
Writing 2 -> 3 into sdm 0
Writing 0 -> 2 into sdm 1
Writing 1 -> 3 into sdm 1
Writing 0 -> 3 into sdm 2








In [12]:






def read_sequence(sdms, bs_list):
    n = len(bs_list)
    counters = []
    for i in range(n):
        print('Reading {} from sdm {}'.format(i, n-i-1))
        c = sdms[n-i-1].read_counter(bs_list[i])
        counters.append(c)
    final = sdmlib.Counter.init_zero(bits, 1)
    for c in counters:
        final.add_counter(0, c, 0)
    bs_final = final.to_bitstring(0)
    return bs_final









In [13]:






def calculate_distances(ref):
    v = [(x.distance_to(ref), key) for key, x in bitstrings.iteritems()]
    v.sort(key=lambda x: x[0])
    return v









In [14]:






bs_final = read_sequence([sdm1, sdm2, sdm3], get_bs_sequence('ABC'))













Reading 0 from sdm 2
Reading 1 from sdm 1
Reading 2 from sdm 0








In [15]:






for d, x in calculate_distances(bs_final):
    print('{:4d} {}'.format(d, x))













   0 D
 482 B
 488 F
 496 A
 515 C
 538 E








In [16]:






bs_final2 = read_sequence([sdm1, sdm2, sdm3], get_bs_sequence('EBC'))













Reading 0 from sdm 2
Reading 1 from sdm 1
Reading 2 from sdm 0








In [17]:






for d, x in calculate_distances(bs_final2):
    print('{:4d} {}'.format(d, x))













   0 F
 472 B
 488 D
 502 A
 503 C
 520 E








          

      

      

    

  

    
      
          
            
  



In [1]:






from __future__ import print_function
import sdm as sdmlib
import matplotlib.pyplot as plt
%matplotlib inline









In [2]:






bits = 1000
sample = 1000000
radius = 451
scanner_type = sdmlib.SDM_SCANNER_OPENCL









In [3]:






address_space = sdmlib.AddressSpace.init_random(bits, sample)
counter = sdmlib.Counter.init_zero(bits, sample)
sdm = sdmlib.SDM(address_space, counter, radius, scanner_type)









In [4]:






def write_sequence(fold_list, bs_list):
    n = len(bs_list)
    for k in range(1, n+1):
        for i in range(n-k):
            print('Writing {} -> {} into sdm {}'.format(i, i+k, k-1))
            fold = fold_list[k-1]
            sdm.write(bs_list[i] ^ fold, bs_list[i+k])









In [5]:






bitstrings = {}
for x in ['A', 'B', 'C', 'D', 'E', 'F']:
    bitstrings[x] = sdmlib.Bitstring.init_random(bits)









In [6]:






folds = []
for _ in range(3):
    folds.append(sdmlib.Bitstring.init_random(bits))









In [7]:






def get_bs_sequence(seq):
    v = []
    for x in seq:
        v.append(bitstrings[x])
    return v









In [8]:






write_sequence(folds, get_bs_sequence('ABCD'))













Writing 0 -> 1 into sdm 0
Writing 1 -> 2 into sdm 0
Writing 2 -> 3 into sdm 0
Writing 0 -> 2 into sdm 1
Writing 1 -> 3 into sdm 1
Writing 0 -> 3 into sdm 2








In [9]:






write_sequence(folds, get_bs_sequence('EBCF'))













Writing 0 -> 1 into sdm 0
Writing 1 -> 2 into sdm 0
Writing 2 -> 3 into sdm 0
Writing 0 -> 2 into sdm 1
Writing 1 -> 3 into sdm 1
Writing 0 -> 3 into sdm 2








In [10]:






def read_sequence(fold_list, bs_list):
    n = len(bs_list)
    counters = []
    for i in range(n):
        print('Reading {} from sdm {}'.format(i, n-i-1))
        fold = fold_list[n-i-1]
        c = sdm.read_counter(bs_list[i] ^ fold)
        counters.append(c)
    final = sdmlib.Counter.init_zero(bits, 1)
    for c in counters:
        final.add_counter(0, c, 0)
    bs_final = final.to_bitstring(0)
    return bs_final









In [11]:






def calculate_distances(ref):
    v = [(x.distance_to(ref), key) for key, x in bitstrings.iteritems()]
    v.sort(key=lambda x: x[0])
    return v









In [12]:






bs_final = read_sequence(folds, get_bs_sequence('ABC'))













Reading 0 from sdm 2
Reading 1 from sdm 1
Reading 2 from sdm 0








In [13]:






for d, x in calculate_distances(bs_final):
    print('{:4d} {}'.format(d, x))













   0 D
 503 A
 503 C
 509 B
 512 F
 543 E








In [14]:






bs_final2 = read_sequence(folds, get_bs_sequence('EBC'))













Reading 0 from sdm 2
Reading 1 from sdm 1
Reading 2 from sdm 0








In [15]:






for d, x in calculate_distances(bs_final2):
    print('{:4d} {}'.format(d, x))













   0 F
 479 A
 507 E
 512 D
 517 C
 519 B








          

      

      

    

  

    
      
          
            
  



In [ ]:






from __future__ import print_function
import sdm as sdmlib
from collections import defaultdict
import random
import string
import time
from math import ceil
from IPython.display import clear_output
import matplotlib.pyplot as plt

#%load_ext line_profiler

empty = ' '
flip_table = string.maketrans('OX', 'XO')









In [ ]:






class Player(object):
    def __init__(self):
        self.stats = defaultdict(int)

    def on_invalid_move(self):
        raise Exception('Ops')

    def on_finish(self, winner, seq):
        pass

    def next_move(self, step, board):
        v = []
        for idx, x in enumerate(board):
            if x == empty:
                v.append(idx)
        return random.choice(v)









In [ ]:






class SmartPlayer(object):
    def __init__(self):
        self.stats = defaultdict(int)

    def on_invalid_move(self):
        raise Exception('Ops')

    def on_finish(self, winner, seq):
        pass

    def next_move(self, step, board):
        v = []
        v_block = []
        #print('='*20)
        #print('board', board)
        for idx, x in enumerate(board):
            if x == empty:
                boardX = board[:idx] + 'X' + board[idx+1:]
                winnerX = check_for_winner(boardX)
                if winnerX == 'X':
                    # Wins the game.
                    return idx

                boardO = board[:idx] + 'O' + board[idx+1:]
                winnerO = check_for_winner(boardO)
                if winnerO == 'O':
                    # Prevents a defeat.
                    v_block.append(idx)

                v.append(idx)
        #print('='*20)
        if v_block:
            return v_block[0]
        return random.choice(v)









In [ ]:






class HumanPlayer(object):
    def __init__(self):
        self.stats = defaultdict(int)

    def on_invalid_move(self):
        raise Exception('Ops')

    def on_finish(self, winner, seq):
        pass

    def next_move(self, step, board):
        #clear_output(wait=True)
        while True:
            print_board(board)
            text = raw_input('Entre com a linha/coluna: ')
            if len(text) != 2:
                continue
            si = text[0]
            sj = text[1]
            i = int(si)-1
            j = int(sj)-1
            idx = 3*i+j
            if board[idx] == empty:
                break
        return idx










In [ ]:






class SDMPlayer(object):
    def __init__(self, sdm0, sdm1, bs_to_boards, boards_to_bs):
        self.bs_to_boards = bs_to_boards
        self.boards_to_bs = boards_to_bs

        #self.sdm0 = sdm0
        self.sdm1 = sdm1

        self.qty_per_action = self.sdm1.bits // 9

        self.on_finish = self.on_finish1

        self.debug = False

        self.reset_stats()

    def reset_stats(self):
        self.stats = defaultdict(int)

    def on_invalid_move(self):
        raise Exception('Ops')

    def board_to_bitstring(self, board):
        bs = self.boards_to_bs.get(board, None)
        if bs is None:
            bs = sdmlib.Bitstring.init_random(self.sdm1.bits)
            self.bs_to_boards[bs] = board
            self.boards_to_bs[board] = bs
            #self.sdm0.write(bs, bs)
        return bs

    def bitstring_to_board(self, bs):
        board = self.bs_to_boards.get(bs, None)
        return board

    def flip(self, board):
        return board.translate(flip_table)

    def on_finish1(self, winner, seq):
        if self.debug:
            print('Learning...')

        flip_flag = False
        if winner == 'O':
            flip_flag = True
            winner = winner.translate(flip_table)

        for step, (name, action, board_before, board_after) in enumerate(seq):
            board = board_before
            if flip_flag:
                board = self.flip(board)
                name = name.translate(flip_table)

            qty = self.qty_per_action
            offset = action*qty
            bs_actions = sdmlib.Bitstring.init_random(self.sdm1.bits)

            if winner is None:
                weight = 1
                for i in range(qty):
                    bs_actions.set_bit(offset+i, 1)

                if name == 'O':
                    board = self.flip(board)

            elif name == winner:
                # Positive learning
                weight = 2
                for i in range(qty):
                    bs_actions.set_bit(offset+i, 1)

            else:
                # Negative learning
                weight = 5
                board = self.flip(board)
                for i in range(qty):
                    bs_actions.set_bit(offset+i, 0)

            bs_board = self.board_to_bitstring(board)
            if self.debug:
                print_board(board)
                print(action, weight, self.bs_actions_to_rewards(bs_actions))
            self.sdm1.write(bs_board, bs_actions, weight=weight)

    def next_move(self, step, board, debug=False):
        x = self.sdm_move(step, board)
        if x is not None:
            if self.debug:
                print('SDM')
            return x
        if self.debug:
            print('Random')
        return self.random_move(step, board)

    def bs_actions_to_rewards(self, bs_actions):
        rewards = []
        bit = 0
        qty = self.qty_per_action
        for idx in range(9):
            x = 0
            for i in range(qty):
                x += bs_actions.get_bit(bit)
                bit += 1
            rewards.append(x)
        return rewards

    def sdm_move(self, step, board, debug=False):
        bs_board = self.board_to_bitstring(board)
        bs_actions = self.sdm1.read(bs_board)
        rewards = self.bs_actions_to_rewards(bs_actions)

        if self.debug:
            print_board(board)
            print(rewards)

        for idx, reward in sorted(enumerate(rewards), key=lambda x: x[1], reverse=True):
            if board[idx] == empty:
                if self.debug:
                    print('idx={} reward={}'.format(idx, reward))
                self.stats['sdm'] += 1
                return idx
        return None

    def random_move(self, step, board):
        self.stats['random'] += 1
        v = []
        for idx, x in enumerate(board):
            if x == empty:
                v.append(idx)
        return random.choice(v)









In [ ]:






def print_board(board):
    i = 0
    while i < len(board):
        print('|' + board[i:i+3] + '|')
        i += 3
    print('')

def check_all_equal(*args):
    if len(set(args)) == 1 and args[0] != empty:
        return True
    return False

def check_for_winner(board):
    for i in range(3):
        if check_all_equal(board[3*i+0], board[3*i+1], board[3*i+2]):
            return board[3*i+0]

        if check_all_equal(board[3*0+i], board[3*1+i], board[3*2+i]):
            return board[3*0+i]

    if check_all_equal(board[3*0+0], board[3*1+1], board[3*2+2]):
        return board[3*0+0]

    if check_all_equal(board[3*0+2], board[3*1+1], board[3*2+0]):
        return board[3*0+2]

    return None

def board_flip(board):
        return board.translate(flip_table)

def play(p1, p2, shuffle=True):
    board = ' '*9
    end = False
    players = [('X', p1), ('O', p2)]
    if shuffle:
        random.shuffle(players)
    index = 0
    step = 0
    sequence = []
    winner = None
    while winner is None and step < 9:
        cur_name, cur_player = players[index]

        if cur_name == 'X':
            idx = cur_player.next_move(step, board)
        else:
            idx = cur_player.next_move(step, board_flip(board))

        if board[idx] != empty:
            cur_player.on_invalid_move()

        new_board = board[:idx] + cur_name + board[idx+1:]
        sequence.append((cur_name, idx, board, new_board))
        board = new_board

        winner = check_for_winner(board)

        index = (index+1)%2
        step += 1

    return winner, sequence









In [ ]:






def run(pA, pB, n, show=False, debug=False, shuffle=True, learning=True, offset=0):
    wins = defaultdict(int)
    for i in range(n):
        winner, seq = play(pA, pB, shuffle=shuffle)

        wins[winner] += 1

        if not debug:
            clear_output(wait=True)
        else:
            print('')

        print('Game #{:5d}: {}  {} {}'.format(i+1+offset, list(wins.items()), list(pA.stats.items()), list(pB.stats.items())))

        if debug:
            for i, (name, action, board_before, board_after) in enumerate(seq):
                print('step={}'.format(i))
                print_board(board_before)

        if show:
            print('')
            print_board(seq[-1][3])
            print('')

        if learning:
            pA.on_finish(winner, seq)
            pB.on_finish(winner, seq)
    return wins









In [8]:






bits, radius = 1000, 451
#bits, radius = 256, 103

sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_OPENCL

address_space = sdmlib.AddressSpace.init_random(bits, sample)

#counter0 = sdmlib.Counter.init_zero(bits, sample)
#sdm0 = sdmlib.SDM(address_space, counter0, radius, scanner_type)

counter1 = sdmlib.Counter.init_zero(bits, sample)
sdm11 = sdmlib.SDM(address_space, counter1, radius, scanner_type)

counter2 = sdmlib.Counter.init_zero(bits, sample)
sdm12 = sdmlib.SDM(address_space, counter2, radius, scanner_type)

bs_to_boards = {}
boards_to_bs = {}









In [9]:






scanner_type = sdmlib.SDM_SCANNER_OPENCL
#sdm0 = sdmlib.SDM(address_space, counter0, radius, scanner_type)
sdm11 = sdmlib.SDM(address_space, counter1, radius, scanner_type)
sdm12 = sdmlib.SDM(address_space, counter2, radius, scanner_type)









In [10]:






sdm1 = SDMPlayer(None, sdm11, bs_to_boards, boards_to_bs)
sdm2 = SDMPlayer(None, sdm12, bs_to_boards, boards_to_bs)
rnd = Player()
hum = HumanPlayer()
smt = SmartPlayer()









In [11]:






resultsSmart = []
resultsRandom = []
resultsSDM = []
resultsMixed = []









In [ ]:






sdm1.debug = False
for i in range(30):
    resultsSmart.append(run(sdm1, smt, 100, show=True, offset=100*i, learning=False))
    %time run(sdm1, smt, 100, show=True, offset=100*i, learning=True)









In [ ]:






sdm1.debug = False
for i in range(30):
    resultsRandom.append(run(sdm1, rnd, 100, show=True, offset=100*i, learning=False))
    %time run(sdm1, rnd, 100, show=True, offset=100*i, learning=True)









In [ ]:






sdm1.debug = False
for i in range(20):
    resultsSDM.append(run(sdm1, sdm2, 100, show=True, offset=100*i, learning=False))
    %time run(sdm1, sdm2, 100, show=True, offset=100*i, learning=True)









In [17]:






sdm1.debug = False
for i in range(10):
    other = random.choice([sdm2, smt, rnd])
    resultsMixed.append(run(sdm1, other, 100, show=True, offset=100*i, learning=False))
    %time run(sdm1, other, 100, show=True, offset=100*i, learning=True)













Game # 1000: [('X', 15), (None, 79), ('O', 6)]  [('sdm', 48401)] []

|XOX|
|OXX|
|OXO|


CPU times: user 3.01 s, sys: 608 ms, total: 3.62 s
Wall time: 5.65 s








In [ ]:






%time run(sdm1, sdm2, 500, show=True)









In [ ]:






sdm1.debug = True
run(sdm1, hum, 1, show=True, debug=True, learning=False)









In [ ]:






sdm1.debug = True
run(sdm1, rnd, 1, show=True, debug=True)









In [ ]:






%time run(sdm2, smt, 1000, show=True, learning=True)









In [ ]:






sdmX.next_move(0, ' '*9, debug=True)









In [19]:






def draw(results):
    import numpy as np

    pos = np.arange(len(results))
    width = 0.35

    plt.figure(figsize=(8, 6), dpi=100)
    winX = [100.0*x['X']/(x['X'] + x['O'] + x[None]) for x in results]
    draw = [100.0*x[None]/(x['X'] + x['O'] + x[None]) for x in results]
    winO = [100.0*x['O']/(x['X'] + x['O'] + x[None]) for x in results]
    #plt.bar(pos, winX, width, color='k')
    #plt.bar(pos, draw, width, bottom=winX, color='b')
    #plt.bar(pos, winO, width)
    #plt.bar(pos+width, [100.0*x['X']/(x['X'] + x['O'] + x[None]) for x in resultsRandom], width, color='y')

    plt.stackplot(pos, winO)

    #plt.stackplot(pos, winO, draw, winX, labels=['Lose', 'Draw', 'Win'])
    #plt.legend()

    plt.grid()
    #plt.ylabel('% of loses')
    plt.xlabel('Number of games (hundreds)');

draw(resultsMixed)












[image: ../_images/notebooks_TicTacToe_-_New_approach_20_0.png]






In [ ]:






x = resultsSmart[0]
print(x)









In [ ]:






counter = sdm1.next_move(0, 'X O  O   ')









In [ ]:






counter = sdm11.read_counter(boards_to_bs[' '*9])
bs = counter.to_bitstring(0)
counter_values = [counter.counter[0][i] for i in range(bits)]









In [ ]:






for i, x in enumerate(counter_values):
    if bs.get_bit(i):
        assert(x >= 0)
    else:
        assert(x <= 0)









In [ ]:






for i, x in enumerate(counter_values):
    print('{:4d} {:10d}'.format(i, x))









          

      

      

    

  

    
      
          
            
  



In [1]:






import sdm as sdmlib
from collections import defaultdict
import random
from IPython.display import clear_output

empty = ' '









In [2]:






class Player(object):
    def __init__(self, name):
        self.name = name

    def on_invalid_move(self):
        raise Exception('Ops')

    def on_finish(self, winner, seq):
        pass

    def next_move(self, step, board):
        v = []
        for i, row in enumerate(board):
            for j, x in enumerate(row):
                if x == empty:
                    v.append((i, j))
        return random.choice(v)









In [3]:






class SDMPlayer(object):
    def __init__(self, name):
        self.name = name

        self.bits = 256
        self.sample = 1000000
        self.scanner_type = sdmlib.SDM_SCANNER_THREAD

        self.address_space = sdmlib.AddressSpace.init_random(self.bits, self.sample)
        self.counter = sdmlib.Counter.init_zero(self.bits, self.sample)
        self.sdm = sdmlib.SDM(self.address_space, self.counter, 103, self.scanner_type)

        self.bs_steps = [sdmlib.Bitstring.init_random(self.bits) for _ in range(10)]
        self.code_bits = self.bits // 9
        self.bs_codes = {
            'X': sdmlib.Bitstring.init_random(self.code_bits),
            'O': sdmlib.Bitstring.init_random(self.code_bits),
            ' ': sdmlib.Bitstring.init_random(self.code_bits),
        }

        self.reset_stats()

    def reset_stats(self):
        self.stats = defaultdict(int)

    def on_invalid_move(self):
        raise Exception('Ops')

    def board_to_bitstring(self, board):
        bs = sdmlib.Bitstring.init_zeros(self.bits)
        bit = 0
        for row in board:
            for x in row:
                code = self.bs_codes[x]
                for i in range(self.code_bits):
                    bs.set_bit(bit, code.get_bit(i))
                    bit += 1
        return bs

    def bitstring_to_board(self, ref):
        board = [[empty]*3 for _ in range(3)]
        bit = 0
        for i in range(3):
            for j in range(3):
                bs1 = sdmlib.Bitstring.init_zeros(self.code_bits)
                for k in range(self.code_bits):
                    bs1.set_bit(k, ref.get_bit(bit))
                    bit += 1
                found = False
                for x, code in self.bs_codes.items():
                    if code == bs1:
                        board[i][j] = x
                        found = True
                if not found:
                    #print 'Not found'
                    return None
        return board

    def on_finish(self, winner, seq):
        debug = False
        if winner == self.name:
            prev = None
            if debug:
                print('Learning...')
            for step, board in enumerate(seq):
                if prev is not None:
                    if debug:
                        print_board(prev)
                        print('')
                        print_board(board)
                        print('--')
                    bs1 = self.board_to_bitstring(prev)
                    bs2 = self.board_to_bitstring(board)
                    self.sdm.write(bs1 ^ self.bs_steps[step], bs2)
                prev = board

    def next_move(self, step, board):
        bs1 = self.board_to_bitstring(board)
        bs2 = self.sdm.iter_read(bs1 ^ self.bs_steps[step], max_iter=12)
        board2 = self.bitstring_to_board(bs2)
        if board2 is None:
            return self.random_move(step, board)
        diff = []
        for i in range(3):
            for j in range(3):
                if board[i][j] != board2[i][j]:
                    if board[i][j] == empty and board2[i][j] == self.name:
                        diff.append((i, j))
        if diff:
            self.stats['sdm'] += 1
            return random.choice(diff)
        return self.random_move(step, board)
        #print diff
        #print ''
        #print_board(board)
        #print ''
        #print_board(board2)
        #print ''
        #raise Exception

    def random_move(self, step, board):
        self.stats['random'] += 1
        v = []
        for i, row in enumerate(board):
            for j, x in enumerate(row):
                if x == empty:
                    v.append((i, j))
        return random.choice(v)









In [4]:






def print_board(board):
    for row in board:
        print(row)

def check_all_equal(*args):
    if len(set(args)) == 1 and args[0] != empty:
        return True
    return False

def check_for_winner(board):
    for i in range(3):
        if check_all_equal(board[i][0], board[i][1], board[i][2]):
            return board[i][0]

        if check_all_equal(board[0][i], board[1][i], board[2][i]):
            return board[0][i]

    if check_all_equal(board[0][0], board[1][1], board[2][2]):
        return board[0][0]

    if check_all_equal(board[0][2], board[1][1], board[2][0]):
        return board[0][2]

    return None

def copy_board(board):
    v = []
    for row in board:
        v.append(list(row))
    return v

def play(p1, p2):
    board = [[empty]*3 for _ in range(3)]
    end = False
    players = [p1, p2]
    random.shuffle(players)
    index = 0
    step = 0
    sequence = [board]
    winner = None
    while not end:
        cur_player = players[index]

        i, j = cur_player.next_move(step, board)
        if board[i][j] != empty:
            cur_player.on_invalid_move()
        board = copy_board(board)
        board[i][j] = cur_player.name
        sequence.append(board)

        winner = check_for_winner(board)
        if winner is not None:
            end = True

        v = []
        for i, row in enumerate(board):
            for j, x in enumerate(row):
                if x == empty:
                    v.append((i, j))
        if len(v) == 0:
            end = True

        index = (index+1)%2
        step += 1
    return winner, sequence









In [5]:






p1 = SDMPlayer('X')
p2 = Player('O')









In [ ]:






n = 200
wins = defaultdict(int)
for i in range(n):
    winner, seq = play(p1, p2)
    p1.on_finish(winner, seq)
    p2.on_finish(winner, seq)

    wins[winner] += 1

    clear_output(wait=True)
    print('Game #{:5d}: {}  {}'.format(i+1, list(wins.items()), list(p1.stats.items())))

    #print ''
    #print_board(seq[-1])
    #print ''
    #for board in seq:
    #    print_board(board)
    #    print ''









In [6]:






bs1 = p1.board_to_bitstring([[' ', ' ', ' '], [' ', ' ', ' '], [' ', ' ', ' ']])
bs2 = p1.board_to_bitstring([['X', ' ', ' '], [' ', ' ', ' '], [' ', ' ', ' ']])
bs3 = p1.board_to_bitstring([[' ', 'X', ' '], [' ', ' ', ' '], [' ', ' ', ' ']])
bs4 = p1.board_to_bitstring([[' ', ' ', 'X'], [' ', ' ', ' '], [' ', ' ', ' ']])
bs5 = p1.board_to_bitstring([[' ', ' ', ' '], ['X', ' ', ' '], [' ', ' ', ' ']])
bs6 = p1.board_to_bitstring([[' ', ' ', ' '], [' ', 'X', ' '], [' ', ' ', ' ']])









In [13]:






#p1.sdm.write(bs1, bs2)
#p1.sdm.write(bs1, bs3)
#p1.sdm.write(bs1, bs4)
p1.sdm.write(bs1, bs5)
#p1.sdm.write(bs1, bs6)









In [14]:






rd1 = p1.sdm.read(bs1)









In [15]:






p1.bitstring_to_board(rd1)









Out[15]:






[[' ', ' ', ' '], [' ', ' ', ' '], [' ', ' ', ' ']]









          

      

      

    

  

    
      
          
            
  



In [ ]:






from __future__ import print_function
import sdm as sdmlib
from collections import defaultdict
import random
import string
import time
from math import ceil
from IPython.display import clear_output
import matplotlib.pyplot as plt

#%load_ext line_profiler

empty = ' '
flip_table = string.maketrans('OX', 'XO')









In [ ]:






class Player(object):
    def __init__(self, name):
        self.name = name
        self.stats = defaultdict(int)

    def on_invalid_move(self):
        raise Exception('Ops')

    def on_finish(self, winner, seq):
        pass

    def next_move(self, step, board):
        v = []
        for idx, x in enumerate(board):
            if x == empty:
                v.append(idx)
        return random.choice(v)









In [3]:






class SmartPlayer(object):
    def __init__(self, name):
        self.name = name
        self.stats = defaultdict(int)

    def on_invalid_move(self):
        raise Exception('Ops')

    def on_finish(self, winner, seq):
        pass

    def next_move(self, step, board):
        v = []
        v_block = []
        #print('='*20)
        #print('board', board)
        for idx, x in enumerate(board):
            if x == empty:
                boardX = board[:idx] + 'X' + board[idx+1:]
                boardO = board[:idx] + 'O' + board[idx+1:]
                winnerX = check_for_winner(boardX)
                winnerO = check_for_winner(boardO)
                #print('Name', self.name)
                #print_board(boardX)
                #print('WinnerX', winnerX)
                #print_board(boardO)
                #print('WinnerO', winnerO)
                #print('')
                if self.name == winnerX or self.name == winnerO:
                    # Wins the game.
                    return idx
                elif winnerX is not None or winnerO is not None:
                    # Prevents a defeat.
                    v_block.append(idx)
                v.append(idx)
        #print('='*20)
        if v_block:
            return v_block[0]
        return random.choice(v)









In [4]:






class HumanPlayer(object):
    def __init__(self, name):
        self.name = name
        self.stats = defaultdict(int)

    def on_invalid_move(self):
        raise Exception('Ops')

    def on_finish(self, winner, seq):
        pass

    def next_move(self, step, board):
        #clear_output(wait=True)
        while True:
            print_board(board)
            text = raw_input('Entre com a linha/coluna: ')
            if len(text) != 2:
                continue
            si = text[0]
            sj = text[1]
            i = int(si)-1
            j = int(sj)-1
            idx = 3*i+j
            if board[idx] == empty:
                break
        return idx










In [5]:






class SDMPlayer(object):
    def __init__(self, name, sdm0, sdm1, bs_to_boards, boards_to_bs):
        self.name = name

        self.bs_to_boards = bs_to_boards
        self.boards_to_bs = boards_to_bs

        self.sdm0 = sdm0
        self.sdm1 = sdm1

        self.on_finish = self.on_finish1

        self.debug = False

        self.reset_stats()

    def reset_stats(self):
        self.stats = defaultdict(int)

    def on_invalid_move(self):
        raise Exception('Ops')

    def board_to_bitstring(self, board):
        bs = self.boards_to_bs.get(board, None)
        if bs is None:
            bs = sdmlib.Bitstring.init_random(self.sdm0.bits)
            self.bs_to_boards[bs] = board
            self.boards_to_bs[board] = bs
            self.sdm0.write(bs, bs)
        return bs

    def bitstring_to_board(self, bs):
        board = self.bs_to_boards.get(bs, None)
        return board

    def flip(self, board):
        return board.translate(flip_table)

    def penalize(self, board, ignore, weight=2):
        debug = False
        if debug:
            print('board')
            print_board(board)
            print('ignore')
            print_board(ignore)
        for idx, x in enumerate(board):
            if x == empty:
                board2 = board[:idx] + 'X' + board[idx+1:]
                if board2 != ignore:
                    if debug:
                        print('aceito')
                        print_board(board2)
                    bs1 = self.board_to_bitstring(board)
                    bs2 = self.board_to_bitstring(board2)
                    self.sdm1.write(bs1, bs2, weight=weight)
                else:
                    if debug:
                        print('Ignorou!')
                        print_board(board2)


    def on_finish1(self, winner, seq):
        prev = None
        if self.debug:
            print('Learning...')

        #if winner is not None:
        #    if winner == 'X':
        #        self.penalize(self.flip(seq[-3]), self.flip(seq[-2]))
        #    else:
        #        self.penalize(seq[-3], seq[-2])

        for step, board in enumerate(seq):
            if winner == 'O':
                # Internally SDM is always the X player.
                board = self.flip(board)

            if prev is not None:
                if self.debug:
                    print_board(prev)
                    print('')
                    print_board(board)
                bs1 = self.board_to_bitstring(prev)
                bs2 = self.board_to_bitstring(board)
                if winner is None:
                    if self.debug:
                        print('It is a draw, so writing with weight=1...')
                    self.sdm1.write(bs1, bs2)
                else:
                    # weight goes from 2 to 5
                    weight = int(3.0*step/(len(seq)-1))+2
                    if self.debug:
                        print('It is a win, so writing with weight={}...'.format(weight))
                    self.sdm1.write(bs1, bs2, weight=weight)

                # Penalty
                if step%2 == len(seq)%2:
                    if self.debug:
                        print('Penalizing the flipping board...')
                    self.penalize(self.flip(prev), self.flip(board))

            prev = board

    def next_move(self, step, board, debug=False):
        x = self.sdm_move(step, board)
        if x is not None:
            if debug:
                print('SDM')
            return x
        if debug:
            print('Random')
        return self.random_move(step, board)

    def sdm_move(self, step, board, debug=False):
        if self.name == 'O':
            # Internally SDM is always the X player.
            board = self.flip(board)

        bs1 = self.board_to_bitstring(board)
        bs2 = self.sdm1.read(bs1)
        bs3 = self.sdm0.iter_read(bs2, max_iter=10)
        board2 = self.bitstring_to_board(bs3)
        if board2 is None:
            return None

        if debug:
            print('Reading...')
            print_board(board)
            print('--')
            print_board(board2)
            print('')

        diff = []
        for idx in range(9):
            if board[idx] != board2[idx]:
                if board[idx] == empty and board2[idx] == 'X':
                    diff.append(idx)
        if len(diff) == 1:
            self.stats['sdm'] += 1
            return diff[0]
        self.stats['weird'] += 1
        return None

    def random_move(self, step, board):
        self.stats['random'] += 1
        v = []
        for idx, x in enumerate(board):
            if x == empty:
                v.append(idx)
        return random.choice(v)









In [6]:






def print_board(board):
    i = 0
    while i < len(board):
        print('|' + board[i:i+3] + '|')
        i += 3
    print('')

def check_all_equal(*args):
    if len(set(args)) == 1 and args[0] != empty:
        return True
    return False

def check_for_winner(board):
    for i in range(3):
        if check_all_equal(board[3*i+0], board[3*i+1], board[3*i+2]):
            return board[3*i+0]

        if check_all_equal(board[3*0+i], board[3*1+i], board[3*2+i]):
            return board[3*0+i]

    if check_all_equal(board[3*0+0], board[3*1+1], board[3*2+2]):
        return board[3*0+0]

    if check_all_equal(board[3*0+2], board[3*1+1], board[3*2+0]):
        return board[3*0+2]

    return None

def play(p1, p2, shuffle=True):
    board = ' '*9
    end = False
    players = [p1, p2]
    if shuffle:
        random.shuffle(players)
    index = 0
    step = 0
    sequence = [board]
    winner = None
    while winner is None and step < 9:
        cur_player = players[index]

        idx = cur_player.next_move(step, board)

        if board[idx] != empty:
            cur_player.on_invalid_move()

        board = board[:idx] + cur_player.name + board[idx+1:]
        sequence.append(board)

        winner = check_for_winner(board)

        index = (index+1)%2
        step += 1
    return winner, sequence









In [7]:






def run(pA, pB, n, show=False, debug=False, shuffle=True, learning=True, offset=0):
    wins = defaultdict(int)
    for i in range(n):
        winner, seq = play(pA, pB, shuffle=shuffle)

        wins[winner] += 1

        clear_output(wait=True)
        print('Game #{:5d}: {}  {} {}'.format(i+1+offset, list(wins.items()), list(pA.stats.items()), list(pB.stats.items())))

        if debug:
            for i, board in enumerate(seq):
                print('step={}'.format(i))
                print_board(board)

        if show:
            print('')
            print_board(seq[-1])
            print('')

        if learning:
            pA.on_finish(winner, seq)
            pB.on_finish(winner, seq)
    return wins









In [8]:






bits, radius = 1000, 451
#bits, radius = 256, 103

sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_OPENCL

address_space = sdmlib.AddressSpace.init_random(bits, sample)

counter0 = sdmlib.Counter.init_zero(bits, sample)
sdm0 = sdmlib.SDM(address_space, counter0, radius, scanner_type)

counter1 = sdmlib.Counter.init_zero(bits, sample)
sdm11 = sdmlib.SDM(address_space, counter1, radius, scanner_type)

#counter2 = sdmlib.Counter.init_zero(bits, sample)
#sdm12 = sdmlib.SDM(address_space, counter2, radius, scanner_type)

bs_to_boards = {}
boards_to_bs = {}









In [23]:






scanner_type = sdmlib.SDM_SCANNER_OPENCL
sdm0 = sdmlib.SDM(address_space, counter0, radius, scanner_type)
sdm11 = sdmlib.SDM(address_space, counter1, radius, scanner_type)









In [24]:






sdmX = SDMPlayer('X', sdm0, sdm11, bs_to_boards, boards_to_bs)
#sdmO = SDMPlayer('O', sdm0, sdm12, bs_to_boards, boards_to_bs)
rndX = Player('X')
rndO = Player('O')
humO = HumanPlayer('O')









In [25]:






humX = HumanPlayer('X')
smtO = SmartPlayer('O')









In [11]:






resultsSmart = []
resultsRandom = []









In [ ]:






for i in range(10):
    %time resultsSmart.append(run(sdmX, smtO, 100, show=True, offset=100*i))









In [ ]:






for i in range(30):
    %time resultsRandom.append(run(sdmX, rndO, 100, show=True, offset=100*i))













Game # 1833: [('X', 15), (None, 4), ('O', 14)]  [('sdm', 4035), ('weird', 55), ('random', 6582)] []

|OXO|
|OXX|
|XOO|










In [ ]:






#%time resultsSmart.append(run(sdmX, smtO, 200, show=True, learning=False))
#%time resultsRandom.append(run(sdmX, rndO, 200, show=True, learning=False))

for i in range(10):
    %time resultsSmart.append(run(sdmX, smtO, 200, show=True, learning=True))
    %time resultsRandom.append(run(sdmX, rndO, 200, show=True, learning=False))









In [ ]:






%time run(sdmX, sdmO, 1000, show=True)









In [ ]:






%time run(sdmX, rndO, 1000, show=True)









In [ ]:






%time run(rndX, smtO, 100, show=True)









In [ ]:






sdmX.debug = False
run(sdmX, humO, 1, show=True, debug=True)









In [ ]:






# counter11 = sdmlib.Counter.init_zero(bits, sample)
sdm13 = sdmlib.SDM(address_space, counter11, radius, scanner_type)









In [ ]:






playerX = SDMPlayer('O', sdm0, sdm13, bs_to_boards, boards_to_bs)









In [ ]:






%time run(sdmX, playerX, 1000, show=True)









In [ ]:






%time run(humX, smtO, 1, show=True, debug=True)









In [ ]:






sdmX.next_move(0, 'O X O    ', debug=True)









In [ ]:






sdmX.penalize('O X O    ', 'O X OX   ', weight=1000)









In [ ]:






len(resultsSmart), len(resultsRandom)









In [27]:






def draw(results):
    import numpy as np

    pos = np.arange(len(results))
    width = 0.35

    plt.figure(figsize=(8, 6), dpi=100)
    winX = [100.0*x['X']/(x['X'] + x['O'] + x[None]) for x in results]
    draw = [100.0*x[None]/(x['X'] + x['O'] + x[None]) for x in results]
    winO = [100.0*x['O']/(x['X'] + x['O'] + x[None]) for x in results]
    plt.bar(pos, winX, width, color='r')
    plt.bar(pos, draw, width, bottom=winX, color='b')
    #plt.bar(pos, winO, width)
    #plt.bar(pos+width, [100.0*x['X']/(x['X'] + x['O'] + x[None]) for x in resultsRandom], width, color='y')

    plt.ylabel('% of wins')
    plt.xlabel('Number of games (hundreds)');

draw(resultsRandom)












[image: ../_images/notebooks_TicTacToe_26_0.png]






In [19]:






resultsRandom = resultsSmart
[x['X'] for x in resultsRandom]









Out[19]:






[42, 51, 55, 59, 57, 58, 46, 60, 60, 56]









In [ ]:






x = resultsSmart[0]
x.get(u'X')









          

      

      

    

  

    
      
          
            
  



In [1]:






from math import factorial
from math import log
import matplotlib.pyplot as plt
%matplotlib inline









In [2]:






comb = lambda a, b: factorial(a)/factorial(b)/factorial(a-b)
def fn(d):
    r = comb(1000, d)
    for _ in xrange(1000):
        r /= 2.0
    return r









In [3]:






d = range(1001)









In [4]:






p = [fn(x) for x in d]









In [5]:






intp = [0]
for idx, x in enumerate(p):
    intp.append(intp[idx] + x)
intp = intp[1:]









In [24]:






list(enumerate(intI))









Out[24]:






[(0, 1000.0000000000001),
 (1, 990.0327737411641),
 (2, 981.0669865739973),
 (3, 972.6876024246216),
 (4, 964.7246977197642),
 (5, 957.0851644859794),
 (6, 949.7101104679433),
 (7, 942.5588951176798),
 (8, 935.6017725311157),
 (9, 928.8160240738789),
 (10, 922.1837292829151),
 (11, 915.6903900362946),
 (12, 909.3240351429475),
 (13, 903.0746123916445),
 (14, 896.9335612251627),
 (15, 890.8935035722719),
 (16, 884.9480146258094),
 (17, 879.0914492875012),
 (18, 873.318808344034),
 (19, 867.6256336178483),
 (20, 862.0079246519115),
 (21, 856.4620716690983),
 (22, 850.9848010167136),
 (23, 845.5731303185736),
 (24, 840.2243312671047),
 (25, 834.9358984948126),
 (26, 829.705523332069),
 (27, 824.5310715285399),
 (28, 819.4105642170659),
 (29, 814.3421615507591),
 (30, 809.3241485599419),
 (31, 804.3549228648076),
 (32, 799.4329839490788),
 (33, 794.5569237543891),
 (34, 789.7254183981692),
 (35, 784.9372208521362),
 (36, 780.1911544460332),
 (37, 775.486107083524),
 (38, 770.8210260752535),
 (39, 766.1949135088936),
 (40, 761.6068220881788),
 (41, 757.0558513830106),
 (42, 752.5411444410915),
 (43, 748.0618847185423),
 (44, 743.6172932928265),
 (45, 739.2066263262562),
 (46, 734.829172752532),
 (47, 730.4842521623331),
 (48, 726.1712128669967),
 (49, 721.8894301219252),
 (50, 717.6383044935824),
 (51, 713.4172603558583),
 (52, 709.2257445032427),
 (53, 705.0632248696777),
 (54, 700.9291893432124),
 (55, 696.8231446676693),
 (56, 692.7446154234808),
 (57, 688.6931430806901),
 (58, 684.6682851178393),
 (59, 680.6696142011123),
 (60, 676.6967174186693),
 (61, 672.74919556561),
 (62, 668.8266624754493),
 (63, 664.9287443943844),
 (64, 661.0550793949816),
 (65, 657.2053168262294),
 (66, 653.3791167971793),
 (67, 649.5761496916499),
 (68, 645.7960957116916),
 (69, 642.0386444477144),
 (70, 638.303494473359),
 (71, 634.5903529633559),
 (72, 630.8989353327662),
 (73, 627.2289648961274),
 (74, 623.5801725451528),
 (75, 619.9522964437353),
 (76, 616.345081739114),
 (77, 612.7582802881426),
 (78, 609.1916503976892),
 (79, 605.6449565782643),
 (80, 602.1179693100476),
 (81, 598.6104648205397),
 (82, 595.1222248731309),
 (83, 591.6530365659197),
 (84, 588.202692140171),
 (85, 584.7709887978427),
 (86, 581.3577285276488),
 (87, 577.962717939168),
 (88, 574.5857681045362),
 (89, 571.2266944072951),
 (90, 567.8853163979968),
 (91, 564.5614576561919),
 (92, 561.2549456584508),
 (93, 557.9656116520932),
 (94, 554.6932905343211),
 (95, 551.4378207364672),
 (96, 548.1990441130931),
 (97, 544.976805835685),
 (98, 541.7709542907104),
 (99, 538.5813409818168),
 (100, 535.407820435961),
 (101, 532.2502501132765),
 (102, 529.1084903204925),
 (103, 525.9824041277328),
 (104, 522.8718572885304),
 (105, 519.7767181629044),
 (106, 516.6968576433543),
 (107, 513.6321490836333),
 (108, 510.5824682301738),
 (109, 507.54769315604017),
 (110, 504.52770419729546),
 (111, 501.52238389167195),
 (112, 498.5316169194419),
 (113, 495.5552900463917),
 (114, 492.5932920688057),
 (115, 489.64551376037275),
 (116, 486.7118478209315),
 (117, 483.79218882697666),
 (118, 480.8864331838497),
 (119, 477.9944790795445),
 (120, 475.11622644005917),
 (121, 472.25157688623057),
 (122, 469.40043369199026),
 (123, 466.56270174398406),
 (124, 463.73828750249965),
 (125, 460.9270989636498),
 (126, 458.12904562276174),
 (127, 455.34403843892403),
 (128, 452.57198980064635),
 (129, 449.8128134925886),
 (130, 447.06642466331766),
 (131, 444.33273979405374),
 (132, 441.6116766683663),
 (133, 438.9031543427863),
 (134, 436.20709311829927),
 (135, 433.52341451268603),
 (136, 430.8520412336799),
 (137, 428.19289715291234),
 (138, 425.54590728061504),
 (139, 422.9109977410544),
 (140, 420.2880957486699),
 (141, 417.677129584892),
 (142, 415.0780285756166),
 (143, 412.4907230693112),
 (144, 409.9151444157319),
 (145, 407.3512249452301),
 (146, 404.7988979486281),
 (147, 402.25809765764444),
 (148, 399.7287592258505),
 (149, 397.2108187101406),
 (150, 394.70421305269736),
 (151, 392.2088800634378),
 (152, 389.724758402922),
 (153, 387.2517875657112),
 (154, 384.78990786415943),
 (155, 382.33906041262526),
 (156, 379.89918711208975),
 (157, 377.4702306351676),
 (158, 375.05213441150005),
 (159, 372.64484261351555),
 (160, 370.2483001425487),
 (161, 367.86245261530513),
 (162, 365.48724635066105),
 (163, 363.1226283567896),
 (164, 360.7685463186008),
 (165, 358.4249485854878),
 (166, 356.09178415937015),
 (167, 353.76900268302296),
 (168, 351.45655442868673),
 (169, 349.15439028694647),
 (170, 346.8624617558743),
 (171, 344.5807209304265),
 (172, 342.30912049208814),
 (173, 340.0476136987584),
 (174, 337.79615437486876),
 (175, 335.55469690172816),
 (176, 333.32319620808835),
 (177, 331.1016077609234),
 (178, 328.8898875564171),
 (179, 326.68799211115186),
 (180, 324.49587845349566),
 (181, 322.31350411517815),
 (182, 320.14082712305424),
 (183, 317.9778059910469),
 (184, 315.82439971226734),
 (185, 313.68056775130447),
 (186, 311.54627003668213),
 (187, 309.42146695347753),
 (188, 307.3061193360976),
 (189, 305.20018846120837),
 (190, 303.1036360408145),
 (191, 301.01642421548297),
 (192, 298.93851554771004),
 (193, 296.8698730154247),
 (194, 294.8104600056272),
 (195, 292.76024030815876),
 (196, 290.7191781095981),
 (197, 288.68723798728297),
 (198, 286.6643849034525),
 (199, 284.65058419950776),
 (200, 282.64580159038735),
 (201, 280.6500031590556),
 (202, 278.66315535109976),
 (203, 276.6852249694344),
 (204, 274.7161791691096),
 (205, 272.75598545222107),
 (206, 270.80461166291906),
 (207, 268.8620259825142),
 (208, 266.92819692467737),
 (209, 265.0030933307322),
 (210, 263.0866843650371),
 (211, 261.178939510455),
 (212, 259.27982856390884),
 (213, 257.38932163202094),
 (214, 255.50738912683346),
 (215, 253.63400176160943),
 (216, 251.76913054671073),
 (217, 249.9127467855532),
 (218, 248.06482207063513),
 (219, 246.2253282796391),
 (220, 244.39423757160432),
 (221, 242.57152238316857),
 (222, 240.75715542487777),
 (223, 238.9511096775619),
 (224, 237.15335838877567),
 (225, 235.3638750693022),
 (226, 233.58263348971906),
 (227, 231.80960767702442),
 (228, 230.04477191132239),
 (229, 228.28810072256664),
 (230, 226.53956888735988),
 (231, 224.79915142580933),
 (232, 223.06682359843606),
 (233, 221.34256090313716),
 (234, 219.6263390722),
 (235, 217.91813406936694),
 (236, 216.21792208694987),
 (237, 214.52567954299292),
 (238, 212.84138307848312),
 (239, 211.16500955460734),
 (240, 209.49653605005457),
 (241, 207.83593985836302),
 (242, 206.18319848531073),
 (243, 204.5382896463487),
 (244, 202.90119126407618),
 (245, 201.27188146575648),
 (246, 199.65033858087315),
 (247, 198.03654113872517),
 (248, 196.4304678660608),
 (249, 194.8320976847488),
 (250, 193.24140970948685),
 (251, 191.65838324554574),
 (252, 190.08299778654904),
 (253, 188.5152330122876),
 (254, 186.95506878656758),
 (255, 185.40248515509225),
 (256, 183.85746234337586),
 (257, 182.31998075468982),
 (258, 180.7900209680399),
 (259, 179.26756373617405),
 (260, 177.75258998362065),
 (261, 176.2450808047556),
 (262, 174.7450174618985),
 (263, 173.2523813834375),
 (264, 171.76715416198087),
 (265, 170.28931755253677),
 (266, 168.8188534707188),
 (267, 167.35574399097814),
 (268, 165.89997134486086),
 (269, 164.45151791929058),
 (270, 163.01036625487544),
 (271, 161.57649904423923),
 (272, 160.14989913037596),
 (273, 158.73054950502782),
 (274, 157.31843330708543),
 (275, 155.91353382101045),
 (276, 154.51583447527995),
 (277, 153.12531884085206),
 (278, 151.74197062965257),
 (279, 150.3657736930817),
 (280, 148.99671202054148),
 (281, 147.6347697379821),
 (282, 146.27993110646824),
 (283, 144.93218052076352),
 (284, 143.59150250793402),
 (285, 142.25788172596978),
 (286, 140.93130296242364),
 (287, 139.61175113306797),
 (288, 138.2992112805682),
 (289, 136.99366857317284),
 (290, 135.6951083034202),
 (291, 134.40351588686067),
 (292, 133.1188768607949),
 (293, 131.84117688302712),
 (294, 130.57040173063365),
 (295, 129.30653729874578),
 (296, 128.04956959934717),
 (297, 126.79948476008516),
 (298, 125.55626902309602),
 (299, 124.31990874384307),
 (300, 123.09039038996862),
 (301, 121.867700540158),
 (302, 120.65182588301657),
 (303, 119.44275321595872),
 (304, 118.2404694441088),
 (305, 117.04496157921369),
 (306, 115.85621673856674),
 (307, 114.67422214394266),
 (308, 113.49896512054328),
 (309, 112.33043309595378),
 (310, 111.16861359910898),
 (311, 110.01349425926992),
 (312, 108.86506280500956),
 (313, 107.72330706320847),
 (314, 106.58821495805907),
 (315, 105.45977451007916),
 (316, 104.33797383513368),
 (317, 103.22280114346502),
 (318, 102.11424473873109),
 (319, 101.01229301705149),
 (320, 99.91693446606072),
 (321, 98.82815766396905),
 (322, 97.74595127863006),
 (323, 96.67030406661479),
 (324, 95.60120487229256),
 (325, 94.53864262691762),
 (326, 93.48260634772183),
 (327, 92.43308513701285),
 (328, 91.39006818127747),
 (329, 90.35354475029023),
 (330, 89.32350419622647),
 (331, 88.29993595277998),
 (332, 87.28282953428473),
 (333, 86.27217453484042),
 (334, 85.26796062744164),
 (335, 84.27017756311021),
 (336, 83.27881517003051),
 (337, 82.29386335268738),
 (338, 81.31531209100645),
 (339, 80.34315143949627),
 (340, 79.37737152639238),
 (341, 78.41796255280246),
 (342, 77.46491479185262),
 (343, 76.51821858783438),
 (344, 75.57786435535179),
 (345, 74.64384257846876),
 (346, 73.71614380985567),
 (347, 72.79475866993543),
 (348, 71.87967784602832),
 (349, 70.97089209149505),
 (350, 70.06839222487818),
 (351, 69.17216912904095),
 (352, 68.28221375030324),
 (353, 67.39851709757448),
 (354, 66.52107024148272),
 (355, 65.64986431349955),
 (356, 64.78489050506046),
 (357, 63.92614006667999),
 (358, 63.07360430706129),
 (359, 62.22727459219951),
 (360, 61.38714234447849),
 (361, 60.553199041760244),
 (362, 59.72543621646656),
 (363, 58.90384545465221),
 (364, 58.088418395069105),
 (365, 57.27914672822079),
 (366, 56.4760221954066),
 (367, 55.67903658775482),
 (368, 54.88818174524406),
 (369, 54.10344955571216),
 (370, 53.32483195385195),
 (371, 52.55232092019289),
 (372, 51.78590848006788),
 (373, 51.02558670256439),
 (374, 50.271347699458914),
 (375, 49.523183624133964),
 (376, 48.78108667047651),
 (377, 48.04504907175695),
 (378, 47.31506309948743),
 (379, 46.59112106225863),
 (380, 45.873215304553646),
 (381, 45.161338205537966),
 (382, 44.45548217782414),
 (383, 43.755639666209994),
 (384, 43.061803146388876),
 (385, 42.3739651236307),
 (386, 41.69211813143214),
 (387, 41.01625473013452),
 (388, 40.3463675055078),
 (389, 39.682449067298855),
 (390, 39.024492047742406),
 (391, 38.37248910003268),
 (392, 37.72643289675389),
 (393, 37.086316128267434),
 (394, 36.45213150105377),
 (395, 35.82387173600669),
 (396, 35.20152956667763),
 (397, 34.585097737467656),
 (398, 33.97456900176437),
 (399, 33.36993612002125),
 (400, 32.771191857776394),
 (401, 32.17832898360785),
 (402, 31.59134026702222),
 (403, 31.01021847627347),
 (404, 30.434956376108275),
 (405, 29.865546725434445),
 (406, 29.301982274908468),
 (407, 28.74425576443826),
 (408, 28.19235992059685),
 (409, 27.646287453942573),
 (410, 27.10603105624105),
 (411, 26.571583397584124),
 (412, 26.042937123400478),
 (413, 25.520084851352493),
 (414, 25.003019168113696),
 (415, 24.49173262602054),
 (416, 23.986217739592384),
 (417, 23.48646698191271),
 (418, 22.992472780864688),
 (419, 22.504227515213437),
 (420, 22.021723510527263),
 (421, 21.544953034929428),
 (422, 21.073908294671785),
 (423, 20.60858142952095),
 (424, 20.14896450794732),
 (425, 19.69504952210659),
 (426, 19.246828382602946),
 (427, 18.80429291302244),
 (428, 18.367434844224476),
 (429, 17.936245808378583),
 (430, 17.510717332733073),
 (431, 17.090840833101282),
 (432, 16.676607607050435),
 (433, 16.26800882677724),
 (434, 15.865035531653506),
 (435, 15.467678620424131),
 (436, 15.075928843038817),
 (437, 14.689776792097863),
 (438, 14.309212893891326),
 (439, 13.934227399009593),
 (440, 13.56481037250244),
 (441, 13.200951683562108),
 (442, 12.842640994704944),
 (443, 12.489867750424434),
 (444, 12.142621165287379),
 (445, 11.800890211443168),
 (446, 11.46466360551476),
 (447, 11.133929794838265),
 (448, 10.80867694301633),
 (449, 10.488892914748941),
 (450, 10.174565259903247),
 (451, 9.865681196782413),
 (452, 9.562227594551462),
 (453, 9.264190954776257),
 (454, 8.971557392029782),
 (455, 8.684312613517998),
 (456, 8.402441897675557),
 (457, 8.125930071679756),
 (458, 7.854761487829243),
 (459, 7.588919998732159),
 (460, 7.328388931246719),
 (461, 7.073151059115598),
 (462, 6.823188574234148),
 (463, 6.578483056491248),
 (464, 6.339015442120675),
 (465, 6.10476599050036),
 (466, 5.875714249336694),
 (467, 5.651839018171427),
 (468, 5.433118310149631),
 (469, 5.219529311988843),
 (470, 5.011048342091972),
 (471, 4.807650806749973),
 (472, 4.609311154384848),
 (473, 4.416002827789362),
 (474, 4.227698214327153),
 (475, 4.044368594065938),
 (476, 3.8659840858274093),
 (477, 3.692513591150509),
 (478, 3.5239247361802795),
 (479, 3.360183811512752),
 (480, 3.2012557100476045),
 (481, 3.047103862924996),
 (482, 2.8976901736512923),
 (483, 2.7529749505508256),
 (484, 2.61291683771755),
 (485, 2.4774727446819433),
 (486, 2.3465977750549905),
 (487, 2.220245154462814),
 (488, 2.0983661581428317),
 (489, 1.9809100386351686),
 (490, 1.8678239540716772),
 (491, 1.7590528976390511),
 (492, 1.6545396288720375),
 (493, 1.554224607517123),
 (494, 1.4580459307956248),
 (495, 1.3659392749868897),
 (496, 1.277837842345978),
 (497, 1.1936723144641037),
 (498, 1.113370813272158),
 (499, 1.0368588709752995),
 (500, 0.9640594102868808),
 (501, 0.8948927363993818),
 (502, 0.8292765421846118),
 (503, 0.7671259281507892),
 (504, 0.7083534386954748),
 (505, 0.6528691161756296),
 (506, 0.6005805742641454),
 (507, 0.551393091970901),
 (508, 0.5052097295709179),
 (509, 0.4619314674982678),
 (510, 0.42145736902868497),
 (511, 0.38368476728429146),
 (512, 0.34850947675002725),
 (513, 0.315826029094912),
 (514, 0.28552793264611764),
 (515, 0.2575079543766503),
 (516, 0.23165842274771192),
 (517, 0.20787154920692316),
 (518, 0.18603976559872068),
 (519, 0.1660560742110448),
 (520, 0.14781440668252696),
 (521, 0.13120998754759858),
 (522, 0.11613969782438366),
 (523, 0.10250243377219256),
 (524, 0.09019945578015207),
 (525, 0.07913472231098154),
 (526, 0.06921520392469219),
 (527, 0.06035117265117027),
 (528, 0.05245646236712933),
 (529, 0.04544869635414649),
 (530, 0.03924947885625954),
 (531, 0.033784548197623),
 (532, 0.028983889837547388),
 (533, 0.02478180860251701),
 (534, 0.02111696021077029),
 (535, 0.017932343062452533),
 (536, 0.01517525207610215),
 (537, 0.012797197082141757),
 (538, 0.01075378891231027),
 (539, 0.009004596832334268),
 (540, 0.00751298134159989),
 (541, 0.006245906602735697),
 (542, 0.005173736866844352),
 (543, 0.004270021233543583),
 (544, 0.003511270940910347),
 (545, 0.0028767331347803646),
 (546, 0.002348164738237815),
 (547, 0.0019096096506790873),
 (548, 0.0015471820719530265),
 (549, 0.0012488582904725235),
 (550, 0.0010042788129247988),
 (551, 0.0008045622631084233),
 (552, 0.0006421320516437997),
 (553, 0.0005105564270835864),
 (554, 0.0004044021696435358),
 (555, 0.00031910188594499723),
 (556, 0.0002508346088764716),
 (557, 0.00019641920083298764),
 (558, 0.00015321989930200627),
 (559, 0.0001190632277813188),
 (560, 9.216541811872224e-05),
 (561, 7.10694477147256e-05),
 (562, 5.459078151148265e-05),
 (563, 4.1770919151588745e-05),
 (564, 3.183787717572347e-05),
 (565, 2.4172780029212163e-05),
 (566, 1.8281787814484916e-05),
 (567, 1.3772649532644217e-05),
 (568, 1.0335234921976e-05),
 (569, 7.725463393645836e-06),
 (570, 5.752112968929365e-06),
 (571, 4.2660540103876755e-06),
 (572, 3.151510796139802e-06),
 (573, 2.3190078749712924e-06),
 (574, 1.6997072329658966e-06),
 (575, 1.2408864070525815e-06),
 (576, 9.023468287278924e-07),
 (577, 6.535760280876561e-07),
 (578, 4.715171474418768e-07),
 (579, 3.388248516944636e-07),
 (580, 2.4250855506632894e-07),
 (581, 1.7288232049022812e-07),
 (582, 1.227562189422056e-07),
 (583, 8.681675094653566e-08),
 (584, 6.115449441041274e-08),
 (585, 4.290577888995494e-08),
 (586, 2.9982200625147665e-08),
 (587, 2.086744538438475e-08),
 (588, 1.4465414896789428e-08),
 (589, 9.987254452356983e-09),
 (590, 6.867722306856434e-09),
 (591, 4.703579931226158e-09),
 (592, 3.2084206493019813e-09),
 (593, 2.1797107010639076e-09),
 (594, 1.4748538791697735e-09),
 (595, 9.938928650174171e-10),
 (596, 6.670653580047912e-10),
 (597, 4.45895666613693e-10),
 (598, 2.9684647803449985e-10),
 (599, 1.9681676252323664e-10),
 (600, 1.299636539509258e-10),
 (601, 8.546902083756561e-11),
 (602, 5.5978436613324993e-11),
 (603, 3.6513616318895644e-11),
 (604, 2.371977154769255e-11),
 (605, 1.5345534152631403e-11),
 (606, 9.887055561408241e-12),
 (607, 6.344065848169012e-12),
 (608, 4.053936240583474e-12),
 (609, 2.5798795348496506e-12),
 (610, 1.6350288875480606e-12),
 (611, 1.031983848204345e-12),
 (612, 6.486938670226667e-13),
 (613, 4.0603430935859795e-13),
 (614, 2.5307069380140066e-13),
 (615, 1.5712807001213027e-13),
 (616, 9.706382306559527e-14),
 (617, 5.974390429614945e-14),
 (618, 3.667923346868127e-14),
 (619, 2.2423985526704598e-14),
 (620, 1.3614562641213464e-14),
 (621, 8.168737584728063e-15),
 (622, 4.965311080913131e-15),
 (623, 3.0432551786241755e-15),
 (624, 1.922055902288952e-15),
 (625, 1.1211992763352217e-15),
 (626, 6.406853007629837e-16),
 (627, 3.2034265038149176e-16),
 (628, 1.6017132519074588e-16),
 (629, -0.0),
 (630, -0.0),
 (631, -0.0),
 (632, -0.0),
 (633, -0.0),
 (634, -0.0),
 (635, -0.0),
 (636, -0.0),
 (637, -0.0),
 (638, -0.0),
 (639, -0.0),
 (640, -0.0),
 (641, -0.0),
 (642, -0.0),
 (643, -0.0),
 (644, -0.0),
 (645, -0.0),
 (646, -0.0),
 (647, -0.0),
 (648, -0.0),
 (649, -0.0),
 (650, -0.0),
 (651, -0.0),
 (652, -0.0),
 (653, -0.0),
 (654, -0.0),
 (655, -0.0),
 (656, -0.0),
 (657, -0.0),
 (658, -0.0),
 (659, -0.0),
 (660, -0.0),
 (661, -0.0),
 (662, -0.0),
 (663, -0.0),
 (664, -0.0),
 (665, -0.0),
 (666, -0.0),
 (667, -0.0),
 (668, -0.0),
 (669, -0.0),
 (670, -0.0),
 (671, -0.0),
 (672, -0.0),
 (673, -0.0),
 (674, -0.0),
 (675, -0.0),
 (676, -0.0),
 (677, -0.0),
 (678, -0.0),
 (679, -0.0),
 (680, -0.0),
 (681, -0.0),
 (682, -0.0),
 (683, -0.0),
 (684, -0.0),
 (685, -0.0),
 (686, -0.0),
 (687, -0.0),
 (688, -0.0),
 (689, -0.0),
 (690, -0.0),
 (691, -0.0),
 (692, -0.0),
 (693, -0.0),
 (694, -0.0),
 (695, -0.0),
 (696, -0.0),
 (697, -0.0),
 (698, -0.0),
 (699, -0.0),
 (700, -0.0),
 (701, -0.0),
 (702, -0.0),
 (703, -0.0),
 (704, -0.0),
 (705, -0.0),
 (706, -0.0),
 (707, -0.0),
 (708, -0.0),
 (709, -0.0),
 (710, -0.0),
 (711, -0.0),
 (712, -0.0),
 (713, -0.0),
 (714, -0.0),
 (715, -0.0),
 (716, -0.0),
 (717, -0.0),
 (718, -0.0),
 (719, -0.0),
 (720, -0.0),
 (721, -0.0),
 (722, -0.0),
 (723, -0.0),
 (724, -0.0),
 (725, -0.0),
 (726, -0.0),
 (727, -0.0),
 (728, -0.0),
 (729, -0.0),
 (730, -0.0),
 (731, -0.0),
 (732, -0.0),
 (733, -0.0),
 (734, -0.0),
 (735, -0.0),
 (736, -0.0),
 (737, -0.0),
 (738, -0.0),
 (739, -0.0),
 (740, -0.0),
 (741, -0.0),
 (742, -0.0),
 (743, -0.0),
 (744, -0.0),
 (745, -0.0),
 (746, -0.0),
 (747, -0.0),
 (748, -0.0),
 (749, -0.0),
 (750, -0.0),
 (751, -0.0),
 (752, -0.0),
 (753, -0.0),
 (754, -0.0),
 (755, -0.0),
 (756, -0.0),
 (757, -0.0),
 (758, -0.0),
 (759, -0.0),
 (760, -0.0),
 (761, -0.0),
 (762, -0.0),
 (763, -0.0),
 (764, -0.0),
 (765, -0.0),
 (766, -0.0),
 (767, -0.0),
 (768, -0.0),
 (769, -0.0),
 (770, -0.0),
 (771, -0.0),
 (772, -0.0),
 (773, -0.0),
 (774, -0.0),
 (775, -0.0),
 (776, -0.0),
 (777, -0.0),
 (778, -0.0),
 (779, -0.0),
 (780, -0.0),
 (781, -0.0),
 (782, -0.0),
 (783, -0.0),
 (784, -0.0),
 (785, -0.0),
 (786, -0.0),
 (787, -0.0),
 (788, -0.0),
 (789, -0.0),
 (790, -0.0),
 (791, -0.0),
 (792, -0.0),
 (793, -0.0),
 (794, -0.0),
 (795, -0.0),
 (796, -0.0),
 (797, -0.0),
 (798, -0.0),
 (799, -0.0),
 (800, -0.0),
 (801, -0.0),
 (802, -0.0),
 (803, -0.0),
 (804, -0.0),
 (805, -0.0),
 (806, -0.0),
 (807, -0.0),
 (808, -0.0),
 (809, -0.0),
 (810, -0.0),
 (811, -0.0),
 (812, -0.0),
 (813, -0.0),
 (814, -0.0),
 (815, -0.0),
 (816, -0.0),
 (817, -0.0),
 (818, -0.0),
 (819, -0.0),
 (820, -0.0),
 (821, -0.0),
 (822, -0.0),
 (823, -0.0),
 (824, -0.0),
 (825, -0.0),
 (826, -0.0),
 (827, -0.0),
 (828, -0.0),
 (829, -0.0),
 (830, -0.0),
 (831, -0.0),
 (832, -0.0),
 (833, -0.0),
 (834, -0.0),
 (835, -0.0),
 (836, -0.0),
 (837, -0.0),
 (838, -0.0),
 (839, -0.0),
 (840, -0.0),
 (841, -0.0),
 (842, -0.0),
 (843, -0.0),
 (844, -0.0),
 (845, -0.0),
 (846, -0.0),
 (847, -0.0),
 (848, -0.0),
 (849, -0.0),
 (850, -0.0),
 (851, -0.0),
 (852, -0.0),
 (853, -0.0),
 (854, -0.0),
 (855, -0.0),
 (856, -0.0),
 (857, -0.0),
 (858, -0.0),
 (859, -0.0),
 (860, -0.0),
 (861, -0.0),
 (862, -0.0),
 (863, -0.0),
 (864, -0.0),
 (865, -0.0),
 (866, -0.0),
 (867, -0.0),
 (868, -0.0),
 (869, -0.0),
 (870, -0.0),
 (871, -0.0),
 (872, -0.0),
 (873, -0.0),
 (874, -0.0),
 (875, -0.0),
 (876, -0.0),
 (877, -0.0),
 (878, -0.0),
 (879, -0.0),
 (880, -0.0),
 (881, -0.0),
 (882, -0.0),
 (883, -0.0),
 (884, -0.0),
 (885, -0.0),
 (886, -0.0),
 (887, -0.0),
 (888, -0.0),
 (889, -0.0),
 (890, -0.0),
 (891, -0.0),
 (892, -0.0),
 (893, -0.0),
 (894, -0.0),
 (895, -0.0),
 (896, -0.0),
 (897, -0.0),
 (898, -0.0),
 (899, -0.0),
 (900, -0.0),
 (901, -0.0),
 (902, -0.0),
 (903, -0.0),
 (904, -0.0),
 (905, -0.0),
 (906, -0.0),
 (907, -0.0),
 (908, -0.0),
 (909, -0.0),
 (910, -0.0),
 (911, -0.0),
 (912, -0.0),
 (913, -0.0),
 (914, -0.0),
 (915, -0.0),
 (916, -0.0),
 (917, -0.0),
 (918, -0.0),
 (919, -0.0),
 (920, -0.0),
 (921, -0.0),
 (922, -0.0),
 (923, -0.0),
 (924, -0.0),
 (925, -0.0),
 (926, -0.0),
 (927, -0.0),
 (928, -0.0),
 (929, -0.0),
 (930, -0.0),
 (931, -0.0),
 (932, -0.0),
 (933, -0.0),
 (934, -0.0),
 (935, -0.0),
 (936, -0.0),
 (937, -0.0),
 (938, -0.0),
 (939, -0.0),
 (940, -0.0),
 (941, -0.0),
 (942, -0.0),
 (943, -0.0),
 (944, -0.0),
 (945, -0.0),
 (946, -0.0),
 (947, -0.0),
 (948, -0.0),
 (949, -0.0),
 (950, -0.0),
 (951, -0.0),
 (952, -0.0),
 (953, -0.0),
 (954, -0.0),
 (955, -0.0),
 (956, -0.0),
 (957, -0.0),
 (958, -0.0),
 (959, -0.0),
 (960, -0.0),
 (961, -0.0),
 (962, -0.0),
 (963, -0.0),
 (964, -0.0),
 (965, -0.0),
 (966, -0.0),
 (967, -0.0),
 (968, -0.0),
 (969, -0.0),
 (970, -0.0),
 (971, -0.0),
 (972, -0.0),
 (973, -0.0),
 (974, -0.0),
 (975, -0.0),
 (976, -0.0),
 (977, -0.0),
 (978, -0.0),
 (979, -0.0),
 (980, -0.0),
 (981, -0.0),
 (982, -0.0),
 (983, -0.0),
 (984, -0.0),
 (985, -0.0),
 (986, -0.0),
 (987, -0.0),
 (988, -0.0),
 (989, -0.0),
 (990, -0.0),
 (991, -0.0),
 (992, -0.0),
 (993, -0.0),
 (994, -0.0),
 (995, -0.0),
 (996, -0.0),
 (997, -0.0),
 (998, -0.0),
 (999, -0.0),
 ...]









In [14]:






I = [-log(x)/log(2) for x in p]









In [15]:






intI = [-log(x)/log(2) for x in intp]









In [16]:






I[425], I[451]









Out[16]:






(21.58433363061018, 12.240997780509938)









In [29]:






plt.figure(figsize=(8, 6), dpi=100)
d_max = 451
#plt.plot(d[425:d_max+1], [int(x) for x in intI][425:d_max+1], 'k')
plt.plot(d[400:600], [int(x) for x in intI][400:600], 'k')
plt.grid()
plt.xlabel('Distance')
plt.ylabel('Information');
#plt.axis([0, 1000, 0, 1000]);












[image: ../_images/notebooks_Weighted_operations_using_information_9_0.png]






          

      

      

    

  

    
      
          
            
  



In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
import numpy as np
from IPython.display import clear_output
%matplotlib inline









In [3]:






bits = 1000
sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_THREAD









In [5]:






v = []
for _ in xrange(sample):
    v.append(sdmlib.Bitstring.init_random(bits))









In [6]:






len(v)









Out[6]:






1000000









In [8]:






ref = v[0]









In [13]:






d = []
for bs in v:
    dist = ref.distance_to(bs)
    if dist > 0:
        d.append(dist)









In [14]:






d.sort()









In [17]:






d[:25], d[-25:]









Out[17]:






([422,
  423,
  425,
  429,
  430,
  430,
  432,
  432,
  432,
  432,
  433,
  433,
  433,
  433,
  433,
  434,
  434,
  435,
  435,
  435,
  435,
  435,
  436,
  436,
  436],
 [563,
  563,
  563,
  563,
  563,
  564,
  564,
  564,
  565,
  565,
  565,
  566,
  566,
  566,
  568,
  568,
  568,
  569,
  570,
  570,
  571,
  572,
  573,
  577,
  577])









          

      

      

    

  

    
      
          
            
  


Kanerva’s Figure 1.2 (page 25)



In [4]:






def calculate_probabilities():
    from math import factorial
    comb = lambda a, b: factorial(a)/factorial(b)/factorial(a-b)
    acc = [0]
    for i in xrange(1001):
        acc.append(acc[-1] + comb(1000, i))
    x = range(0, 1001)
    y = [acc[i]/float(2**1000) for i in xrange(1001)]
    return x, y









In [5]:






x, y = calculate_probabilities()









In [6]:






zip(x, y)[420+1:451+2]









Out[6]:






[(421, 2.34855463163212e-07),
 (422, 3.2683072799845206e-07),
 (423, 4.5302427856623403e-07),
 (424, 6.254589646848581e-07),
 (425, 8.601165446151555e-07),
 (426, 1.178146582355982e-06),
 (427, 1.607412478367661e-06),
 (428, 2.1844584369407377e-06),
 (429, 2.956998937553759e-06),
 (430, 3.98705293837112e-06),
 (431, 5.354868832479756e-06),
 (432, 7.163813286405329e-06),
 (433, 9.546427625024893e-06),
 (434, 1.2671889390234851e-05),
 (435, 1.6755153954460764e-05),
 (436, 2.206809129549954e-05),
 (437, 2.8952975693864007e-05),
 (438, 3.783873038649e-05),
 (439, 4.9260373975413374e-05),
 (440, 6.388215916214442e-05),
 (441, 8.252493527522651e-05),
 (442, 0.00010619830176802917),
 (443, 0.00013613814762657373),
 (444, 0.00017385018823395037),
 (445, 0.00022116011304996116),
 (446, 0.00028027094046052743),
 (447, 0.0003538281360050662),
 (448, 0.0004449929823846512),
 (449, 0.0005575245896344514),
 (450, 0.0006958707972110431),
 (451, 0.0008652680424881588),
 (452, 0.0010718500489236657)]









In [12]:






y[451+1]









Out[12]:






0.0010718500489236657











          

      

      

    

  

    
      
          
            
  


Distance between bitstrings

Here we will draw the histogram of the distance between two random
bitstrings.



In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
%matplotlib inline









In [2]:






distances = []
for i in xrange(5000):
    b1 = sdmlib.Bitstring.init_random(1000)
    b2 = sdmlib.Bitstring.init_random(1000)
    distances.append(b1.distance_to(b2))









In [3]:






plt.hist(distances, bins=1000)
plt.xlim(0, 1000)
plt.show()












[image: ../../_images/notebooks_.ipynb_checkpoints_Distance_between_bitstrings-checkpoint_3_0.png]








          

      

      

    

  

    
      
          
            
  


Generates a new SDM



In [1]:






import sdm as sdmlib









In [2]:






bits = 1000
sample = 1000000
scanner_type = sdmlib.SDM_SCANNER_OPENCL









In [3]:






# Generate an address space with 1,000,000 random 1,000-bit bitstrings.
address_space = sdmlib.AddressSpace.init_random(bits, sample)

# Generate 1,000,000 counters initialized with value zero in the RAM memory.
counter = sdmlib.Counter.init_zero(bits, sample)

# Create a file to store the 1,000,000 counters initialized with value zero.
# You do not need to provide file extension, because it will generate two files
# and automatically included the extension for you.
#counter = sdmlib.Counter.create_file('sdm-10w', bits, sample)

# Create an SDM with the generated address space and counter.
# The scans will be performed using the OpenCL scanner.
sdm = sdmlib.SDM(address_space, counter, 451, scanner_type)









In [4]:






v = []
for i in xrange(10):
    print i,
    # Generate a random 1,000-bit bitstring.
    b = sdmlib.Bitstring.init_random(1000)

    # Write the bitstring to the SDM.
    sdm.write(b, b)
    v.append(b)
print ''
print '{} bitstring wrote into memory.'.format(len(v))













0 1 2 3 4 5 6 7 8 9
10 bitstring wrote into memory.








In [5]:






# Copy the bitstring from v[0].
# We have to make a copy because the flip_random_bits function changes the bitstring itself.
b = sdmlib.Bitstring.init_from_bitstring(v[0])
b.flip_random_bits(400)

# Read the bitstring from the SDM and checks the distance from the retrieved bitstring and v[0].
c = sdm.read(b)
print 'Distance', c.distance_to(v[0])













Distance 134








In [6]:






# Save the address space into the file 'sdm-10w.as'.
# The recommended extension for an address space is '.as'.

# Although we have used 10w as an indication of 10 writes to the memory, the
# address space is not affected by the writes. It is just a reference to help us
# remeber that this address space has been used together with the counters.
#address_space.save('sdm-10w.as');











          

      

      

    

  

    
      
          
            
  


Kanerva’s Figure 1.2 (page 25)



In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
from IPython.display import clear_output
%matplotlib inline









In [2]:






bits = 1000
sample = 1000000

address_space = sdmlib.AddressSpace.init_random(bits, sample)









In [3]:






def calculate_probabilities():
    from math import factorial
    comb = lambda a, b: factorial(a)/factorial(b)/factorial(a-b)
    acc = [0]
    for i in xrange(1001):
        acc.append(acc[-1] + comb(1000, i))
    x = range(0, 1001)
    y = [acc[i]/float(2**1000) for i in xrange(1001)]
    return x, y









In [4]:






x, y = calculate_probabilities()
plt.plot(x, y);












[image: ../../_images/notebooks_.ipynb_checkpoints_Kanerva's_Figure_1.2-checkpoint_4_0.png]






In [5]:






def run(radius):
    x = range(0, 1001)
    y = []
    for i, dist in enumerate(x):
        clear_output(wait=True)
        print 'Distance: {:4d} ({:.2f}%)'.format(dist, 100.*(i+1)/len(x))

        b1 = sdmlib.Bitstring.init_random(bits)
        b2 = sdmlib.Bitstring.init_from_bitstring(b1)
        b2.flip_random_bits(dist)
        assert b1.distance_to(b2) == dist

        h1 = set(address_space.scan_thread(b1, radius, 4))
        h2 = set(address_space.scan_thread(b2, radius, 4))

        y.append(len(h1&h2))
    return x, y









In [6]:






v = []









In [7]:






v.append((451, run(451)))













Distance: 1000 (100.00%)








In [8]:






v.append((480, run(480)))













Distance: 1000 (100.00%)








In [9]:






v.append((500, run(500)))













Distance: 1000 (100.00%)








In [10]:






plt.hold(True)
for d, points in v:
    x, y = points
    ymax = max(y)
    y = [float(a)/ymax for a in y]
    plt.plot(x, y, label='Radius: {}'.format(d))
plt.xlabel('Distance between two random bitstrings')
plt.ylabel('Intersection of their circles')
plt.legend()
plt.hold(False)
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Kanerva’s Table 7.3 (page 70)



In [1]:






import sdm as sdmlib
import matplotlib.pyplot as plt
%matplotlib inline









In [2]:






bits = 1000
sample = 1000000
radius = 451
scanner_type = sdmlib.SDM_SCANNER_OPENCL









In [3]:






address_space = sdmlib.AddressSpace.init_from_b64_file('sdm-10000w.as')
counter = sdmlib.Counter.load_file('sdm-10000w')
sdm = sdmlib.SDM(address_space, counter, radius, scanner_type)









In [4]:






b = sdmlib.Bitstring.init_random(1000)
sdm.write(b, b)









In [5]:






from IPython.display import clear_output

distances = []
x = range(0, 1001)
for i, dist in enumerate(x):
    clear_output(wait=True)
    print 'Distance: {:4d} ({:.2f}%)'.format(dist, 100.*(i+1)/len(x))
    c = sdmlib.Bitstring.init_from_bitstring(b)
    c.flip_random_bits(dist)
    assert c.distance_to(b) == dist
    d = sdm.iter_read(c, max_iter=1)
    distances.append(d.distance_to(b))
print 'Done!'













Distance: 1000 (100.00%)
Done!








In [6]:






plt.figure()
plt.plot(x, distances)
plt.plot(x, x, 'k')
plt.plot(x, [500]*len(x), 'k:')
plt.title('Kanerva\'s Figure 7.3')
plt.ylabel('New distance (after one read)')
plt.xlabel('Old distance')
plt.grid()
plt.axis([0, 1000, 0, 1000]);












[image: ../../_images/notebooks_.ipynb_checkpoints_Kanerva-Table-7.3-checkpoint_6_0.png]






In [7]:






c = sdmlib.Bitstring.init_from_bitstring(b)
c.flip_random_bits(1000)
d = c
print 0, b.distance_to(d)
for i in xrange(10):
    d = sdm.read(d)
    print i+1, b.distance_to(d)













0 1000
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2 682
3 570
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