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With this paper, we explain the state-of-the-art image compression method known as 

PAQ8PX and introduce a brand new algorithm for internet automatic learning. With the 

increased use of image acquisition systems, including medical imaging instruments as well 

as cameras, the quantity of info prepared for long term storage is growing. We tailored the 

implementation for our proposed method by integrating it with PAQ8PX, which resulted in an 

improved eight bpp grayscale version. We tested the implementation of ours and obtained 

changes on 4 datasets belonging to 3 benchmarks. Experimental outcomes show better 

scores on every one of the test sets. 
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1. Introduction  

The inspiration of image compression is actually 

representing an input image in smaller room for saving storage 

capability. Lossless compression aims at accomplishing this 

with no loss of info so that the initial image could be restored 

identically with no loss after the decompression. Many image 

compression algorithms are derived from predictive modeling, 

for example CALIC. and JPEG-LS The present encoding pixel 

is actually predicted by a characteristic of currently encoded 

neighborhood pixels and consequently the big difference 

between the real and expected worth, which is actually known 

as prediction error, is actually encoded. Despite of the apparent 

simplicity of its, predictive coding is very successful and 

commonly practiced in the state of the art compression 

algorithms. 

Lossless image compression is actually required for uses 

which can't put up with some wreckage of initial imagery data, 

e.g., health uses for example mammography, angiography, and 

x rays. It's crucial that the decompressed image doesn't include 

some degradation in quality, since it might result in 

misdiagnosis as well as wellness damage. Geographical map 

pictures or satellite are actually another case where distortion 

caused by compression can't be tolerated. 

Probably The earliest lossless compression methods used 

often dictionary based methods or maybe run length encoding. 

However, these methods don't exploit 2 D correlations of the 

image, and they're not so effective for healthy pictures that 

have sleek colour variations but don't have repeating patterns. 

Predictive modelling, on the additional hand, exploits spatial 

correlations by predicting the valuation of the present pixel by a 

characteristic of its currently coded neighbouring pixels. The 

distinction between the real and expected worth, known as 

prediction error, is then encoded. A straightforward linear 

prediction is actually utilized at the lossless method of the 

JPEG always compression standard along with a nonlinear 

predictor in the newer JPEG LS standard. Even with the 

obvious simplicity of theirs, prediction based methods are very 

powerful and used in state of the art compression methods. 

Another strategy is actually using context modelling 

followed by arithmetic coding. In context based versions, every 

distinct pixel mixture of the community is viewed as the own 

coding context of its. The probability division of the pixel values 

is actually believed for every context individually based on 

previous samples. Inside grayscale pictures, nonetheless, the 

amount of potential pixel combinations is massive and just a 

tiny area may be used. The number of contexts should as a 

result be decreased by context quantization. This particular 

strategy, mixed with predictive modelling, has been used at the 

context based adaptive lossless image compression CALIC 

algorithm. The latest JPEG20006 compression is actually 

based on wavelet transform, and even though this algorithm is 

actually directed at lossy compression, it likewise comes with a 

lossless variant. 

 

2. PAQ8PX Algorithm For Lossless Image Compression 

PAQ is actually a series of experimental lossless data 

compression programs aiming at the very best compression 

ratio for a broad range of file types without having a focus on 

using not many computing energy or even keeping backward 

model compatibility. It was started by Matt Mahoney and 

eventually created by over twenty designers in various 

branches of compression. PAQ8PX is actually a department of 

PAQ begun by Jan Ondrus in 2009 and that has just recently 

implemented the very best image compression types of the 

series with the assistance of MrcioPais. In a nutshell, we refer 

to variation 167 of PAQ8PX. A comprehensive explanation of 

the software program in the present stage of its isn't obtainable 

in the literature. The main reason might be the ever-

changingfile type certain types as well as the quantity of model 

branching the program receives, from simplified designs for 

quick compression to platform-specific optimization 

examinations as well as the generalization of the algorithms 

used. 

The PAQ8PX edition features an improvement thread 

which is usually found. The source code is actually created to 

the C programming language and it is found in just one file with 

over 12000 lines of code. The logic wasn't broken into 

numerous documents to make it a lot easier to compile to each 

platform. The fundamental drawback of this's it will make the 

code really hard to read through. One more thing that makes 

the code hard to acquire is the fact that many optimization 
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methods have been placed on the code, which may delay the 

understanding of what's going to perform and when. 

Compressing a file goes through 4 great stages: pre-

processing, context mixing, model prediction, and probability 

refining. An optionally available pre-training stage could be 

triggered through command line Appl. Sci. parameters. The 

pipeline for image compression has been discussed 

schematically in Figure one. 

 

 
Figure 1. PAQ8 Image compression diagram. 

 

3. The Proposed Method Of Contextual Memory  

The notion behind the algorithm is usually to encode 

probabilities in memory like framework. The probabilities are 

actually seen by utilizing a set of keys computed on a 

recognized context. Resilience to sound (since lossless 

compression for photographic images will mainly need to cope 

with sound) will be managed by enabling that not all of the keys 

will see a fight of the memory. 

 

Context Modeling 

With regard to predictive compression, we have to 

determine what best describes the part of the image we're 

presently attempting to predict. What this means is we have to 

shop around the goal pixel in  

the hope that the info is going to be adequate to assist a 

choice mechanism to realize which part of the image we're in 

and decide to make use of the correct representation of the 

internally generated segmentation of the image. 

Before continuing, we have to determine the terms used in 

Figure three. The word context belongs to the region of the 

image that participates in the prediction mechanism. Context 

value is actually the numeric value of the context, either an 

immediate value or maybe a characteristic of that value, which 

could be utilized as an index at the memory structure. The 

algorithm uses no assumption regarding the memory system, 

though we supply a bit of implementation information. The 

output of indexing the memory is actually the memory value. 

 

 
Figure 2. Block scheme of the proposed method 

 

We select a basic model for contexts for predicting the bits 

of the pixels. We use rays in 4 directions and with different 

lengths, as well as the quantized derivatives along with the 

rays. Since the pixels of the image are actually predicted from 

left to right, top to bottom, the sole info we are able to depend 

on are actually recognized pixels, which suggests the 
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instructions are actually to the west, forty-five degrees 

northwest, north, and forty-five degrees northeast. 

Description of the Contextual Prediction 

Model Prediction 

 To make a prediction, we propose the following algorithm 

(simplified from the original proposed algorithm, which had a 

probability refinement phase):  

1. We obtain a value from the memory for each context. 

One way to do that is to index the hash of the “context value” in 

a table  

2. We average all the obtained “memory values”  

3. Convert the average into a probability using the 

sigmoid function 

 

p is the output probability (that a bit is one), 

 n is the number of input contexts,  

ci is the context value of the i-th context 

vi is the memory value from the memory M for context i,  

k is some ad-hoc constant  

σ is the sigmoid function. 

Updating the Model  

In order to pass mixing information to the weak learners, 

we propose a dual objective minimization function (as depicted 

in Figure 3):  

• In respect to the output of the network–global error  

• In respect to the output of the individual nodes (side 

predictions)–local error

 
Figure 3 Block scheme for the proposed update algorithm. 

 

Similar to PAQ8, we use reinforcement learning. Because 

we don't understand the real value of the probability that a little 

is actually zero or perhaps one for a certain context, we can't 

pick supervised learning. We back propagate the binary effect 

of the network and attempt to reduce the snowball logistic loss 

in an internet way. The square loss is also used, though we're 

attempting to reduce the wasted coding space.  

 

4. Experimental Results 

PAQ8PX Contextual Memory Implementation Details We 

implemented the contextual memory algorithm for the eight bpp 

lossless image compression. This particular aisl details the 

structure and several of the implementation information of the 

application. 

The software is actually applied to the C
++ 

programming 

language, since the PAQ8PX was previously applied in this 

specific language. The code is actually compiled in Studio that 

is Visual and separates the initial code, the changes necessary 

for compilation and also the extra implementation in various 

commits, making specific which part is actually which. 

 

Evaluation on the Benchmarks 

 To be able to evaluate the usefulness of the algorithm, we 

applied the augmented variant of the PAQ8PX algorithm with 

contextual memory to 4 test sets. The command line choice for 

the compression for all the pictures selects memory amount 

eight and adaptive learning fee (8a). 
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Table 1. Waterloo gray test set 1. 

 
 

Table 2. Waterloo gray test set 2. 

 
 

Table 3. Imagecompression.info 8 bppgray new test images 

 
 

Table 4. Squeezechart 8 bpp grayscale 
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We utilized as learning constants worldwide learning rate 

βg = 0.9 and neighbourhood learning rate βl = 0.1 as well as 

the constants k, as well as kv, had been set to 0.4. 

The outcomes in Tables 1-4 are actually conveyed in bits a 

pixel that is an image size impartial complete measure of the 

compression ratio. It presents the typical number of bits 

required to encode the pixel info from an image. It's computed 

as the compressed size of the image divided by the number of 

pixels. This's to not be mixed up with bits a byte, which 

measures the compressed ratio of a broad file, although in the 

case of ours the 2 values coincide since the dimensions of a 

pixel in a 8 bit color depth grayscale image is but one byte. The 

header of the compressed file must be excluded when 

computing the bits a pixel, though it's not necessarily the 

situation since the header is often a small payload when 

compared with the content. Nevertheless, it must be specified 

whether the header is actually provided or perhaps not in 

computing the bits a pixel so that the benefits could be 

confirmed. 

The PAQ8 family of algorithms was intended to attain good 

compression proportions at the cost associated with a very 

long compression time and a big memory impact. Although 

there are several optimizations applied, the working time will 

get so much bigger compared to several of the various other 

algorithms. The contextual memory algorithm also doesn't have 

way too many velocity optimizations within its provided type. 

Thus, a running time comparison is actually out of the range of 

this particular paper, but in order to make the viewer a feeling 

of the execution time scale, we present a distant relative 

comparison on the image lena2 from the Waterloo graytest set 

(see Table five). The algorithms in which operate on the very 

same processing architecture. 

 

Table 5. Compression running time comparison on image lena2 (expressed in seconds) 

 
 

The compression managing time doesn't equal the 

decompression running time for all the algorithms. For 

example, the MRP algorithm is extremely asymmetric due to 

the several pass optimizations of its, decompression of the very 

same image taking just 0.6 secs. The timings had been 

calculated using the x64 variant of the Timer 14.00 tool 

developed by Igor Pavlov and readily available for public 

domain on the 7 cpu site 

Memory needs count on the compression parameters. 

PAQ8PX reports utilizing 2493MB of memory for command line 

parameter 8a. The contextual memory algorithm contributes to 

this based on the parameters set. We are able to estimate the 

memory usage of the present implementation by multiplying the 

number of rays by ray length, table size (2memory size), four 

(no quantization in addition to three quantized derivatives), 

three (number of bytes a memory location). For ray length five 

and memory measurement twenty, we calculate it gives 

another 240 MB of memory. 

The outcomes in Tables 1-3 for all of the compressors, 

only Paq8px167 as well as the suggested method, were used 

straight, and the results in Table four were taken as a result of 

the PAQ8PX thread. The outcomes lacking in the papers for 

GraLIC and also the outcomes for Paq8px167 and the 

suggested method are computed making use of a tool we 

made for that purpose. The tool doesn't exclude the file 

headers when computing the bits, a pixel. 

 

5. Conclusion 

paper offers a description of the state-of-the-art 

compression plan PAQ8PX from the perspective of grayscale 

image compression. The primary contribution of this particular 

paper is actually an application agnostic algorithm for 

predicting probabilities depending on the contextual info 

provided with understanding done in an internet manner. The 

practical use of the algorithm is actually evidenced by 

integrating it with the PAQ8PX algorithm as well as tests it on a 

number of image compression benchmarks. The results show 

a general compression ratio improvement across all of the 

datasets without particular crafted characteristics. One 

distinction that is essential from current ensemble blending 

algorithms is, in the algorithm of ours, we think that different 

contexts apply together as well as the prediction benefits from 

the synergy of the side predictions, contrary to the ensembles 

which believe model freedom. 
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