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https://github.com/kedartatwawadi/stanford_compression_library/blob/main/compressors/arithmetic_coding.py
https://github.com/kedartatwawadi/stanford_compression_library/blob/main/compressors/range_coder.py
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data_input = [3,2,4,1,5]

x data_input



[0,9]

data_input = [3,2,4,1,5]

x data_input
[3,2,4,1,5] -> 32415
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# given
data_input = [3,2,4,1,5]

## "encoding" process
x = 0  # <-- initial state
x = x*10 + 3 #x = 3
x = x*10 + 2 #x = 32
x = x*10 + 4 #x = 324
x = x*10 + 1 #x = 3241
x = x*10 + 5 # x = 32415 <- final state



x data_input

symbols = []
x = 32145 # <- final state
n = 5
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x n=5
data_input

symbols = []
x = 32145 # <- final state
n = 5

# repeat n=5 times
s, x = x%10, x//10  # s,x = 5, 3214
s, x = x%10, x//10  # s,x = 4, 321
s, x = x%10, x//10  # s,x = 1, 32
s, x = x%10, x//10  # s,x = 2, 3
s, x = x%10, x//10  # s,x = 3, 0



encode_step decode_step

def encode_step(x_prev,s):
   x = x_prev*10 + s
   return x

def decode_step(x)
   s = x%10 # decode symbol
   x_prev = x//10 # retrieve the previous state
   return (s,x_prev)



symbols = []
x = 32145 # <- final state
n = 5

# Encoding
state x: 0 -> 3 -> 32 -> 321 -> 3214 -> 32145

# decoding
state x: 0 <- 3 <- 32 <- 321 -> 3214 <- 32145



x ceil(log_2[x+1]))
32145 = b111110110010001

## Encoding
def encode_step(x_prev,s):
   x = x_prev*10 + s
   return x

def encode(data_input):
    x = 0 # initial state
    for s in data_input:
        x = encode_step(x,s)
    
    return to_binary(x) # takes ~log_2(x) bits

S E 90,1 9
O to to N

t

INlolz 10
per symbol



## Decoding
def decode_step(x):
    s = x%10 # <- decode symbol
    x_prev = x//10 # <- retrieve the previous state
    return (s,x_prev)

def decode(bits, num_symbols):
   x = to_uint(bits) # convert bits to final state

   # main decoding loop
   symbols = []
   for _ in range(num_symbols):
       s, x = decode_step(x)
       symbols.append(s)
   return reverse(symbols) # need to reverse to get original sequence  



x <- 10*x_prev + s x ~ x_prev*10
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x ~ 10*x_prev x ~ 

(1/prob[s])*x_prev

cam



frequencies

prob[s] = freq[s]/M

# prob in terms of integers
alphabet  -> {0,1,2}, prob -> [3/8, 3/8, 2/8]
freq -> [3,3,2], M = 8
cumul -> [0,3,6]
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def rans_base_encode_step(x_prev,s):
   # TODO: add details here
   return x

def encode(data_input):
    x = 0 # initial state
    for s in data_input:
        x = rans_base_encode_step(x,s)
    
    return to_binary(x)    

rans_base_encode_step

x ~ (1/prob[s])*x_prev

X to X TS
return x



def rans_base_encode_step(x_prev,s):
   x = (x_prev//freq[s])*M + cumul[s] + x_prev%freq[s]
   return x

def encode(data_input):
    x = 0 # initial state
    for s in data_input:
        x = rans_base_encode_step(x,s)
    
    return to_binary(x)    

x ~ (1/prob[s])*x_prev



def rans_base_encode_step(x_prev,s):
   x = (x_prev//freq[s])*M + cumul[s] + x_prev%freq[s]
   return x

x pret É



def rans_base_encode_step(x_prev,s):
   x = (x_prev//freq[s])*M + cumul[s] + x_prev%freq[s]
   return x

alphabet  -> {0,1,2}
freq -> [3,3,2], M = 8, cumul -> [0,3,6]

data_input = [1,0,2,1]
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def rans_base_encode_step(x_prev,s):
   x = (x_prev//freq[s])*M + cumul[s] + x_prev%freq[s]
   return x

freq -> [3,3,2], M = 8, cumul -> [0,3,6]

step 0: x = 0
step 1: s = 1 -> x = (0//3)*8 + 3 + (0%3) = 3
step 2: s = 0 -> x = (3//3)*8 + 0 + (3%3) = 8
step 3: s = 2 -> x = (8//2)*8 + 6 + (8%2) = 38
step 4: s = 1 -> x = (38//3)*8 + 3 + (38%3) = 101
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def rans_base_encode_step(x_prev,s):
   x = (x_prev//freq[s])*M + cumul[s] + x_prev%freq[s]
   return x

alphabet = {0,1,2,3,4,5,6,7,8,9}
freq[s] = 1, M = 10
prob[s] = 1/10

rans_base_encode_step
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x = (x_prev//freq[s])*M + cumul[s] + x_prev%freq[s]

def rans_base_encode_step(x_prev,s):
   # find block_id, slot
   block_id = x_prev//freq[s]
   slot = cumul[s] + (x_prev % freq[s])

   # compute next state x
   x = block_id*M + slot
   return x
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x = (x_prev//freq[s])*M + cumul[s] + x_prev%freq[s]

def rans_base_encode_step(x_prev,s):
   # find block_id, slot
   block_id = x_prev//freq[s]
   slot = cumul[s] + (x_prev % freq[s])

   # compute next state x
   x = block_id*M + slot
   return x

slot

0 <= slot < M



def rans_base_encode_step(x_prev,s):
   block_id = x_prev//freq[s]
   slot = cumul[s] + (x_prev % freq[s])
   x = block_id*M + slot
   return x

def rans_base_decode_step(x):
   # TODO -> fill in the decoder here
   return (s,x_prev)



def rans_base_encode_step(x_prev,s):
   block_id = x_prev//freq[s]
   slot = cumul[s] + (x_prev % freq[s])
   x = block_id*M + slot
   return x

def rans_base_decode_step(x):
   # Step I: find block_id, slot
   block_id = ?
   slot = ?

   ...
   return (s,x_prev)

block_id, slot



def rans_base_encode_step(x_prev,s):
   block_id = x_prev//freq[s]
   slot = cumul[s] + (x_prev % freq[s])
   x = block_id*M + slot
   return x

def rans_base_decode_step(x):
   block_id, slot = x//M, x%M # Step I
   
   s = ? # Step II: decode symbol s
   ...
   return (s,x_prev)
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def rans_base_encode_step(x_prev,s):
   block_id = x_prev//freq[s]
   slot = cumul[s] + (x_prev % freq[s])
   x = block_id*M + slot
   return x

def rans_base_decode_step(x):
   block_id, slot = x//M, x%M # Step I
   
   s = ? # Step II: decode symbol s
   ...
   return (s,x_prev)

cumul[s] <= slot < cumul[s+1]



def rans_base_encode_step(x_prev,s):
   block_id = x_prev//freq[s]
   slot = cumul[s] + (x_prev % freq[s])
   x = block_id*M + slot
   return x

def rans_base_decode_step(x):
   block_id, slot = x//M, x%M # Step I
   s = find_bin(cumul, slot) # Step II: decode symbol s
   ...
   return (s,x_prev)

cumul[s] <= slot < cumul[s+1]
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def rans_base_encode_step(x_prev,s):
   block_id = x_prev//freq[s]
   slot = cumul[s] + (x_prev % freq[s])
   x = block_id*M + slot
   return x

def rans_base_decode_step(x):
   block_id, slot = x//M, x%M # Step I
   s = find_bin(cumul, slot) # Step II: decode symbol s
   
   x_prev = ? # Step-III
   return (s,x_prev)

x_prev



def rans_base_encode_step(x_prev,s):
   block_id = x_prev//freq[s]
   slot = cumul[s] + (x_prev % freq[s])
   x = block_id*M + slot
   return x

def rans_base_decode_step(x):
   block_id, slot = x//M, x%M # Step I
   s = find_bin(cumul, slot) # Step II: decode symbol s
   x_prev = block_id*freq[s] + slot - cumul[s] # Step-III
   return (s,x_prev)
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def rans_base_decode_step(x):
   block_id, slot = x//M, x%M # Step I
   s = find_bin(cumul, slot) # Step II: decode symbol s
   x_prev = block_id*freq[s] + slot - cumul[s] # Step-III
   return (s,x_prev)

freq -> [3,3,2], M = 8, cumul -> [0,3,6]

# Decode
bitarray = b1100101 -> x_final = 101
n = 4

X final 101
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https://kedartatwawadi.github.io/post--ANS/


def rans_base_encode_step(x_prev,s):
   block_id = x_prev//freq[s]
   slot = cumul[s] + (x_prev % freq[s])
   x = block_id*M + slot
   return x

def encode(data_input):
    x = 0 # initial state
    for s in data_input:
        x = rans_base_encode_step(x,s)
    return to_binary(x)    



def rans_base_decode_step(x):
    block_id, slot = x//M, x%M # Step I
    s = find_bin(cumul, slot) # Step II: decode symbol s
    x_prev = block_id*freq[s] + slot - cumul[s] # Step-III
   return (s,x_prev)

def decode(bits, num_symbols):
   x = to_uint(bits) # convert bits to final state

   # main decoding loop
   decoded_symbols = []
   for _ in range(num_symbols):
       s, x = rans_base_decode_step(x)
       decoded_symbols.append(s)
   return reverse(decoded_symbols) # need to reverse to get original sequence
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L(s ) ≈n log   2 P (s )n
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H(X) = H(X,Z) − H(Z∣X)
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def rans_base_encode_step(x_shrunk, s):
    ...

def shrink_state(x_prev,s):
    ...
    return x_shrunk, out_bits

def encode_step(x_prev,s):
   # shrink state x before calling base encode
   x_shrunk, out_bits = shrink_state(x, s)

   # perform the base encoding step
   x = rans_base_encode_step(x_shrunk,s)
   assert x in [L,H]
   return x, out_bits



def encode_step(x_prev,s):
   # shrink state x before calling base encode
   x_shrunk, out_bits = shrink_state(x, s)

   # perform the base encoding step
   x = rans_base_encode_step(x_shrunk,s)
   assert x in [L,H]
   return x, out_bits

x <- base_step(x_prev,s)

x_prev -> x_shrunk base_step(x_shrunk,s) in [L,H]



def shrink_state(x_prev,s):
    ...
    return x_shrunk, out_bits

# input state 
x_prev = 22 = 10110b

# stream out bits from x_prev until we are sure base_step(x_shrunk,s) in [L,H]
x_shrunk = 10110b = 22, out_bits = ""
x_shrunk = 1011b = 11, out_bits = "0"
x_shrunk = 101b = 5, out_bits = "10"
...



def shrink_state(x_prev,s):
   ...
   while rans_base_encode_step(x_shrunk,s) not in Interval[L,H]:
       out_bits.prepend(x_shrunk%2)
       x_shrunk = x_shrunk//2
   x_shrunk = x
   return x_shrunk, out_bits

# input state 
x_prev = 21 = 10110b

# stream out bits from x_prev until we are sure base_step(x_shrunk,s) in [L,H]
x_shrunk = 10110b = 22, out_bits = ""
x_shrunk = 1011b = 11, out_bits = "0"
x_shrunk = 101b = 5, out_bits = "10"
...



[L,H]
x_prev base_encode(x_shrunk, s) 

lies in [L,H]

x_shrunk

base_encode(x_shrunk, s) lies in [L,H]

[L,H] = [M*t, 2*M*t - 1]



## streaming params
t = 1 # can be any uint
L = M*t
H = 2*M*t - 1

########################### Streaming rANS Encoder ###########################
def rans_base_encode_step(x,s):
   x_next = (x//freq[s])*M + cumul[s] + x%freq[s]
   return x_next

def shrink_state(x,s):
   # initialize the output bitarray
   out_bits = BitArray()

   # shrink state until we are sure the encoded state will lie in the correct interval
   while rans_base_encode_step(x,s) not in Interval[freq[s]*t,2*freq[s]*t - 1]:
       out_bits.prepend(x%2)
       x = x//2
   x_shrunk = x
   return x_shrunk, out_bits

def encode_step(x,s):
   # shrink state x before calling base encode
   x_shrunk, out_bits = shrink_state(x, s)

   # perform the base encoding step
   x_next = rans_base_encode_step(x_shrunk,s)
   
   return x_next, out_bits



########################### Streaming rANS Decoder 
def rans_base_decode_step(x):
   ...
   return (s,x_prev)

def expand_state(x_shrunk, enc_bitarray):
    # init
    num_bits_step = 0

    # read in bits to expand x_shrunk -> x
    x = x_shrunk
    while x not in Interval[L,H]:
        x = x*2 + enc_bitarray[num_bits_step]
        num_bits_step += 1
    return x, num_bits_step

def decode_step(x, enc_bitarray):
    # decode s, retrieve prev state
    s, x_shrunk = rans_base_decode_step(x)

    # expand back x_shrunk to lie in Interval[L,H]
    x_prev, num_bits_step = expand_state(x_shrunk, enc_bitarray)
    return s, x_prev, num_bits_step

def decode(encoded_bitarray, num_symbols):
    ...
    return reverse(symbols) # need to reverse to get original sequence



M = power of 2

[L,H] = Mt, 2Mt-1 t



# reading/writing one byte at a time
rANS encode: 9277880 clocks, 12.1 clocks/symbol (299.6MiB/s)
rANS decode 14754012 clocks, 19.2 clocks/symbol (188.4MiB/s)

# reading/writing 32 bits at a time:
rANS encode: 7726256 clocks, 10.1 clocks/symbol (359.8MiB/s)
rANS decode: 12159778 clocks, 15.8 clocks/symbol (228.6MiB/s)

https://github.com/rygorous/ryg_rans


x in [L,H] encoding

def encode_step(x,s):
   # shrink state x before calling base encode
   x_shrunk, out_bits = shrink_state(x, s)

   # perform the base encoding step
   x_next = rans_base_encode_step(x_shrunk,s)
   
   return x_next, out_bits



rans_base_encode_step(x_shrunk,s)

[L,H] × {alphabet} → [L,H]



tANS

[L,H]



rANS tANS

http://cbloomrants.blogspot.com/2014/02/02-01-14-understanding-ans-3.html


https://github.com/kedartatwawadi/stanford_compression_library/blob/main/scl/compressors/rANS.py
https://github.com/kedartatwawadi/stanford_compression_library/blob/main/scl/compressors/rANS.py
https://github.com/kedartatwawadi/stanford_compression_library/blob/main/scl/compressors/tANS.py
https://github.com/kedartatwawadi/stanford_compression_library/blob/main/scl/compressors/tANS.py



