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Abstract

This contribution presents a complexity assessment methodology based on three kinds of system modeling: algorithmic, software and hardware. It is proposed to adopt said methodology as standard practice in JCT-VC project management for the current HEVC standardization project.

1 Introduction

This contribution addresses the first two mandates of the Complexity Assessment AhG, which are:

1. Summarize and evaluate the various complexity assessment methods with regard to:

· computational complexity, 

· parallelism, 

· memory bandwidth, 

· memory capacity, 

· dynamic range requirements,

· any other aspects of complexity identified as being of interest.

2. Develop and propose a set of general measurement metrics.

The content of this document is based on discussions happened during the previous JCT-VC meeting in Geneva, integrated with further organization and elaboration of the concepts expressed in [2] and [3].

To introduce the problem, we give some basic definitions. 

We define system an object given by a composition of interacting elements with the purpose of applying a process in order to produce a certain result or solve a certain problem (fig.1). 

We define complexity of the system the amount of resources consumed to realize and operate the system in order to obtain such result or solve such problem. 

The system receives a set of input data X and produces a set of output data Y=f (X). We define process the sequence of logical steps that allow obtaining the output Y from the input X.

It is important to remark that in general the same problem can be solved with several different systems, each one characterized by a different complexity.
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Figure 1

In our specific case of interest, the results at which we are aiming are video signal compression and decompression according to the HEVC specifications, so we have two different sets of systems to consider: HEVC encoders and HEVC decoders. While the scope of standardization is related to the definition of the decoding process, the scope of complexity assessment is related to encoder and decoder systems (fig.2).
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Figure 2

As already remarked [1], the complexity is a multi-dimensional concept that may involve several kinds of possible resources, so measuring it can be mostly difficult, unless we consider few main dimensions of complexity. In general, we are most interested in the resources having the highest impact on the implementation cost. In particular, we are interested in

1. Resources consumed statically, not related to the notion of time. In this case we mean resources needed to realize the system, like silicon footprint, memory size, number of elementary processing units, et cetera.

2. Resources consumed dynamically, depending on the time dimension. In this case we consider resources needed to operate the system, in particular computation (amount of elementary operations performed per time unit) and communication (amount of data transferred per time unit).

2 Three Level Complexity Assessment

For a comprehensive complexity assessment, we propose a methodology based on three different classes of systems (fig.3).

· Level 1 is based on abstract modeling, i.e. the system is realized as one or more algorithms, ideally executed on a theoretical architecture. At this level, complexity assessment is made by algorithmic analysis.
· Level 2 is based on software modeling, i.e. the system is a software implementation, running on a general-purpose hardware architecture such as a CPU. Practically, the HM software is the HEVC system implementation and the complexity is assessed by measuring HEVC software performance.
· Level 3 is based on hardware modeling, i.e. the system is a hardware implementation realized over a certain technology. At this level, it is possible to measure some other complexity dimensions that it is not possible to consider at level 2.
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Figure 3
As stated in [1], we aim at an assessment method having properties of accuracy, precision, reproducibility and simplicity, defined as follows:

· Accuracy is the closeness of a measured quantity to its true value 

· Precision defines the degree to which further measurements show the same or similar results (also called repeatability)

· Reproducibility refers to the ability of a test or experiment to be accurately reproduced or replicated by someone else working independently. 

· Simplicity is intended as the possibility to perform a measurement easily, possibly in an automated way.

2.1 Level 1: abstract modeling

At this level, HEVC encoding and decoding processes are modeled as algorithms, which are finite sequences of elementary instructions, commonly represented as pseudo-code or with diagrams like e.g. flow-charts. 
Algorithms are ideally executed on an abstract machine, such as a simple CPU based on the Von Neumann architectural model or even the Turing Machine, and their complexity is determined by algorithmic analysis.
Algorithmic analysis is the branch of computational complexity theory in computer science that determinates the complexity of algorithms, normally expressed as amount of elementary operations – either arithmetic or data transfers – needed to obtain the required result. 

For an exhaustive complexity assessment, the information needed at this level are:

· Elementary arithmetic operations count analysis

· Storage memory requirements analysis

· Elementary data transfer operations count analysis 
Algorithmic analysis is typically based on a sequential model of computation (SISD = Single Instruction, Single Data), which lacks the concept of concurrent computation. Therefore, it is helpful to extend it with the following information:
· Number of processing stages, to understand pipelining possibilities. In particular, the critical path should be considered, i.e. the maximum number of consecutive processing stages that are needed to produce an output.
· Data dependency analysis, to understand possibility of data parallelization. Data dependency should be examined within the proposed tool itself and also between the proposed tool and other existing tools in HEVC.

It is especially important to remark that the complexity of an algorithm can greatly depend on the input data, so that it is advisable to perform different analysis for average, worst-case and best-case complexity.

2.2 Level 2: software modeling

At this level, HEVC encoding and decoding processes are modeled in software as sequences of instructions in a certain computer programming language such as C/C++. The software is then compiled and executed on a certain real CPU architecture. In practice, our model is the HM software running typically on a CPU system with Intel-based or ARM-based architecture.

In this case the complexity assessment can be performed by evaluating the following metrics:

· Computation resources, expressed as HM execution user time or CPU clock cycles

· Communication resources, expressed as HM bandwidth

· Memory resources, expressed as HM memory allocated at runtime

As already remarked in [1], software measures depend not only on the software itself but also on the underlying hardware architecture, on the compiler technology and on the operating system. All these factors may affect the results of the measures from one computer system to another and shall be taken under consideration for the sake of reproducibility of the measures.
A deeper complexity assessment can be obtained by profiling, a kind of dynamic program analysis based on information collected at runtime by specialized tools called profilers. A profiler is able to determinate the fraction of execution time spent in every function called, or analyze the memory heap behavior and so on.

2.3 Level 3: hardware modeling

At this level, HEVC encoding and decoding processes are modeled by a hardware description language, such as VHDL or Verilog, and synthesized over a certain technology library.

Complexity assessment can be then performed by considering some typical hardware performance measures like the following ones:

· Silicon area, or equivalently the number of logic gates or standard cells in the given technology.

· Clock frequency

· Throughput

· Latency

3 Conclusions

This contribution defined the complexity as the amount of resources consumed to realize and operate a system implementing a certain process in order to obtain a result or solve a problem.

This contribution presented a complexity assessment methodology for video encoding and decoding, based on three kinds of system modeling: algorithmic, software and hardware. At each level, different metrics are considered to evaluate the resource consumed.

The Complexity Assessment AhG recommends to adopt the proposed methodology as JCT-VC project management practice for the HEVC standardization project.
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