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Abstract

In this work, we provide a technique for efficiently exploring a parameterized system-on-a-chip (SOC) architecture to find all Pareto-optimal configurations in a multi-objective design space. Globally, our approach uses a parameter dependency model of our target parameterized SOC architecture to extensively prune non-optimal sub-spaces. Locally, our approach applies Genetic Algorithms (GAs) to discover Pareto-optimal configurations within the remaining design points. The computed Pareto-optimal configurations will represent the range of performance (e.g., timing and power) tradeoffs that are obtainable by adjusting parameter values for a fixed application that is mapped on the parameterized SOC architecture. We have successfully applied our technique to explore Pareto-optimal configurations for a number of applications mapped on a parameterized SOC architecture.

Introduction

The growing demand for portable embedded computing devices is leading to new system-on-a-chip (SOC) architectures intended for embedded systems. Such SOC architectures must be general enough to be applicable across several different applications in order to be economically viable, leading to recent attention to parameterized SOC architectures. On the other hand, embedded computing devices, that are to be mapped onto these parameterized SOC architectures often have very different design objectives such as different timing requirements or performance budgets. Therefore, parameterized SOC architectures must be optimally configured to meet varied timing requirements, power budgets, and, in general, multiple design objectives of a large class of applications. Consequently, there is a need for efficient multi-objective design space exploration approaches.

A typical parameterized SOC architecture will have a processor core, one or more caches, on-chip bus hierarchy, on-chip memory, and a large number of peripheral cores that provide application specific functionality such as multi-media and communication processing. Each of these SOC cores is likely to be parameterized, enabling a designer to tune a core's settings for a specific application that is to be mapped on the parameterized SOC architecture. For example, the on-chip buses may be configured to use bus-invert Errore. L'origine riferimento non è stata trovata. coding for low power, or the caches may be configured to use a greater or lesser degree of associativity for increased performance Errore. L'origine riferimento non è stata trovata.

 REF _Ref7673349 \w \h  \* MERGEFORMAT Errore. L'origine riferimento non è stata trovata.. An assignment of a value to each of these parameters will impact the overall timing, power, and other performance aspects of the system. Moreover, such performance impacts are highly dependent on the application running on the parameterized SOC architecture. Therefore, a designer must have a method for finding a feasible set of parameter values, referred to as a configuration of the parameterized SOC architecture, that meet the specification requirements.

We outline an exploration approach that efficiently searches the entire configuration space and outputs Pareto-optimal configurations providing the designer with only the interesting configurations that result in a tradeoff between the interesting design objectives (e.g., timing and power). Our approach augments the parameter dependency design space exploration technique previously established in Errore. L'origine riferimento non è stata trovata. with a novel Genetic Algorithms (GAs) approach for improved performance.

The remainder of this paper is organized as follows. In Section 0, we define the problem and outline some background work. In Section 0, we give the GAs based design space exploration approach. In Section 0 we define a goodness index to evaluate the quality of the obtained results. In Section 0, we show our experimental results. In Section 0, we state our concluding remarks.

Background

Problem Formulation

We are given a parameterized SOC architecture composed of numerous interconnected parameterized computational, communication, and memory elements. Each of these parameters can be assigned a value from a finite set of values. A complete assignment of values to all the parameters is a configuration. A complete collection of all possible configurations is the configuration space, (a.k.a., the design space). A partial collection of the configurations is a configuration subspace. We are also given a parameterized system-level model of the parameterized SOC architecture that when executed can yield multiple performance metrics (e.g., timing and power) of the system under current configuration. Such parameterized simulation models have been outlined in Errore. L'origine riferimento non è stata trovata.

 REF _Ref7673705 \w \h  \* MERGEFORMAT Errore. L'origine riferimento non è stata trovata.. The problem is to efficiently compute, with the aid of a system-level model, the Pareto-optimal configurations, with respect to the performance metrics of interest, for a fixed application executing on the parameterized SOC architecture. For example, in the case of timing and power, a configuration is Pareto-optimal if no other configuration has better power for a given timing/speed.

Note that in general the solution to a multi-objective optimization problem cannot be obtained by simply considering the design objectives separately. In practice, optimizing one design objective will adversely impact the optimality of other design objectives. The solution to such optimization problems falls under a class of strategies for multi-objective optimization. Multi-objective optimization (also called multi-criteria optimization, multi-performance, or vector evaluation) can be defined as the problem of finding Errore. L'origine riferimento non è stata trovata. a vector of decision variables (in our case a configuration vector that can be mapped on the parameterized system under study) that satisfies constraints and optimizes a vector function whose elements represent the objective functions. These functions form a mathematical description of performance criteria that are usually in conflict with each other. Hence, the term “optimize” means finding a solution that would give values for all the objective functions such as to be acceptable to the designer.

Rationale on Design Space Exploration

The most straightforward but least efficient approach to determine the Pareto-optimal set of configurations of a parameterized SOC architecture, with respect to multi-objective design optimization criteria, is to do an exhaustive search of the configuration space. This approach can be used only if the configuration space is limited. However, it is not rare to find parameterized SOC architectures with tens of parameters Errore. L'origine riferimento non è stata trovata. and exponentially many configurations. Moreover estimating performance metrics for each configuration requires costly simulation and analysis of the system. For example in the target parameterized SOC architecture used in this paper, the evaluation of timing and power consumption given a single configuration requires on the average 1.5 sec. The configuration space of our experimental parameterized SOC architecture (see Section 0) is of the order of 1012, therefore an exhaustive search requires times of the order of tens of millions of years!

When the configuration space is too large to be explored in an exhaustive manner, heuristics must be used. One heuristic approach is to use evolutionistic techniques, such as GAs. GAs have found their way in many fields of VLSI design Errore. L'origine riferimento non è stata trovata. at various levels of abstractions. For example, at the layout level, some partitioning Errore. L'origine riferimento non è stata trovata., placement Errore. L'origine riferimento non è stata trovata., and routing Errore. L'origine riferimento non è stata trovata. techniques rely on GAs. At higher levels GAs have been used for power estimation Errore. L'origine riferimento non è stata trovata., technology mapping Errore. L'origine riferimento non è stata trovata., and netlist partitioning Errore. L'origine riferimento non è stata trovata.. At even higher levels GAs have been used for reliable chip testing through efficient test vector generation Errore. L'origine riferimento non è stata trovata.. Generally, the design space exploration problem as well as these other VLSI problems listed here are intractable (i.e., no polynomial time algorithm can guarantee optimal solution) and belong to either the NP-complete or NP-hard categories of problems. An approach based on GAs is very effective in solving such problems in a general and efficient way.

Genetic Algorithms

Evolutionary algorithms have been introduced by John Holland Errore. L'origine riferimento non è stata trovata.. Since their introduction, a variety of evolutionary algorithms have been proposed Errore. L'origine riferimento non è stata trovata.. The major ones are: GAs, evolutionary programming, evolution strategies, classifier systems, and genetic programming. They all share a common conceptual base of simulating the evaluating individual structures via processes of selection, mutation, and reproduction.

GAs are based on the evolution of a population of individuals over a number of generations. Each individual of the population is assigned a fitness value whose determination is problem dependent. At each generation, individuals are selected for reproduction based on their fitness value. Such individuals are crossed to generate new individuals, and the new individuals are mutated with some low mutation probability.

The objective of GAs is to find the optimal solution to a problem. However, because GAs are heuristics the solution found is not always guarantied to be the optimal solution. Nevertheless, experience in applying GAs to a great deal of problems has shown that often the goodness of the solutions found by GAs is sufficiently high.

Design Space Exploration

Using GAs

We propose an approach for exploration of the configuration space of a parameterized SOC architecture that uses GAs. More specifically, we have chosen a generic GA framework called SPEA2 Errore. L'origine riferimento non è stata trovata., which, when applied to design space exploration, is very effective in finding points that are along the actual Pareto-optimal front. Our task is to map the design space exploration problem to this particular GA framework. We do this mapping as follows:

The representation of a configuration: a mapping between a possible configuration of the parameterized SOC architecture and a chromosome of the GA. Here, we use a gene for each parameter of the parameterized SOC architecture and allow that gene to assume only the values admissible by the parameter it represent.

The objective functions: a mapping between a configuration of the parameterized SOC architecture to a real value that is the measure of the performance metric that we want to optimize (e.g. timing, and power). In a multi-objective optimization criteria, we would have an objective function for each design objective.

The convergence criterion: criteria that determine when the evolution process of the GA should halt. One simple convergence criterion is to let the GA run for some fixed number of generations. While a simple criterion, it is not easy to determine the exact number of necessary iterations. To solve this problem we define a stop criterion based on distance convergence. The basic idea is to stop the evolution when there is no longer any appreciable improvement in the consecutive Pareto-optimal sets that are being found. The convergence criterion we propose uses a distance function Errore. L'origine riferimento non è stata trovata. between two Pareto-optimal sets to establish when the GA has reached convergence. Let C' and C'' be two Pareto-optimal sets in the design space. The coverage function between C' and C'' is:


[image: image1.wmf]'

'

}

'

'

'

:

'

'

;

'

'

'

'

{

)

'

'

,

'

(

C

c

c

C

c

C

c

C

C

f

C

£

Î

$

Î

=


This function represents the fraction of points in C'' that are dominated at least by one point in C'. If Ci is the Pareto-optimal set at generation i and G ( 0 then we define the following convergence index:
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As long as the evolutionary process improves the solutions found we continue to iterate (i.e., fC(Ci+G, Ci) ( fC(Ci, Ci+G) ( q(i, G) ( 0). We could therefore perform an observation every G generations to evaluate q(g, G) and determine if it has a value below some user-defined threshold Tc, which would signal the stop condition.

The main advantages of the use of GAs are given below Errore. L'origine riferimento non è stata trovata.:

They are an adaptive approach in the sense that they are of general application and do not require detailed knowledge of the problem.

They learn by experience, in the sense that they solve a problem by successive refinement.

They are inherently parallel in the sense that at each iteration they evaluate not one but a number of possible solutions, equal to the size of the population.

They are efficient at solving complex problems: this is demonstrated by the fact that evolutionary algorithms are currently receiving growing interest from researchers with various backgrounds to solve problems of all kinds and levels of complexity.

The complexity of the approach often lies in evaluation of the fitness functions of the individuals in each generation. This procedure can be parallelized quite simply, as it is possible to assign individual fitness values independently, so concurrent execution of this operation does not cause conflict

Exploration Algorithm

Previously, it has been shown that by taking parameter interdependencies into account, the design space can be extensively pruned Errore. L'origine riferimento non è stata trovata.. Such parameter dependency awareness is deployed in a design exploration tool called Platune Errore. L'origine riferimento non è stata trovata.. Platune works in two phases. In the first phase the design subspace defined by clusters of interdependent parameters are explored in an exhaustive manner to find the local Pareto-optimal set (LPOS). In the second phase these local Pareto-optimal sets are merged and exhaustively searched to find the global Pareto-optimal set (GPOS). Platune works well as long as most of the parameters are not interdependent, as this will result in a large number of small clusters that can be feasibly searched in an exhaustive manner. But if the parameters are heavily interdependent, the approach in Platune becomes infeasible. We note that the approach given in Platune is exact, i.e., the global Pareto-optimal set output by Platune denotes the only Pareto-optimal configurations and no more. In this work, we substitute a GA based approach in place of the exhaustive search used by Platune when the subspace to be searched is greater in size than some threshold T. Thus, our approach is a merger of the parameter dependency approach introduced in Platune with a GA search introduced in this work, called GaPlatune.

As with Platune, our approach explores the space in two phases. In the first phase, the configuration space defined by each cluster is explored with the aim to compute the local Pareto-optimal sets. (A cluster is a collection of parameters that are interdependent, and thus, the union of all clusters is the set of all parameters.) Algorithm 1 implements the first phase of GaPlatune. The output of Algorithm 1 is the local Pareto-optimal set of the configuration space defined by cluster C. Initially the size of the configuration space defined by cluster C is computed as the product of the number of values assignable to each parameter in that cluster. Note that the size of the configuration space defined by cluster C is exponential with respect to the number of the parameters in that cluster. If such size is below a given threshold T then an exhaustive approach is applied, otherwise, a heuristic based on GAs (outlined earlier) will is used.

In the second phase, for each pair of clusters Ci and Cj, and the respective local Pareto-optimal sets (LPOSi and LPOSj) we proceed as shown in Algorithm 2. Given two clusters Ci and Cj, we compute the merger of these as a new cluster Cij. If the size of Cij is below a given threshold T then the configuration space generated by Cij is explored in an exhaustive manner else a heuristic based on GAs is applied. 

Algorithm Evaluation

To evaluate the quality of the obtained results we define a goodness index as being the average distance (as a percentage) between the approximated Pareto-optimal set (A) obtained using the mixed approach described above and the actual Pareto-optimal set (O) obtained by performing exhaustive only searches as done in Platune Errore. L'origine riferimento non è stata trovata.. The main reason for this choice was that besides the availability of a simulatable model of a parametric system in Platune, there is also a configuration space exploration engine which uses an exact approach. For the following discussion, and without loss of generality, we assume that the metrics of interest are timing (i.e., execution time) and power.

Let A and O be ordered sets of power, and timing pairs, sorted in increasing values of power. As the power and timing values are on different scales, the components of each point in the set O ( A are normalized to the maximum power and timing values, thus obtaining the normalized sets On and An.

Let d(t, On) be the distance between a point t ( An and the polyline generated by On. This distance is 0 if t is not dominated by any point in An. If, on the other hand, t is dominated by at least one point in On then S(t) ( On is the set of the pairs (qi, qi+1) such that the angles ( and ( respectively formed by the lines passing through t and qi and through t and qi+1 with the line joining qi and qi+1 (see Errore. L'origine riferimento non è stata trovata.(a)) is less than 90 degrees. If S ( ( then d(t, On) is the minimum distance between t and the segments defined in S:
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Here, the function ds(t, s) returns the distance between a point t and the line passing between the two points in s. If S = ( (as in Errore. L'origine riferimento non è stata trovata.(b)) then d(t, On) is the minimum Euclidean distance between t and each point in On:
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Here, the function dp(t, q) returns the Euclidean distance between the point t and the point q.

Having defined the distance between each point in An and On, we can define the average distance between the sets On and An:
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To compute the percentage difference between A and O, we have to relate d(On, An) to the maximum distance between the point I=(1.0, 1.0) and the points in the set On ( An.
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We use the evaluation technique outlined here in the next section to evaluate the quality of our exploration approach.

Experiments

We have applied both the dependency/exhaustive approach, used by Platune, and the mixed approach presented in this work, used by GaPlatune, to a highly parameterized SOC architecture shown in Errore. L'origine riferimento non è stata trovata.. Our target architecture consists of a MIPS R3000 processor, an instruction cache (I$), a data cache (D$), on-chip memory, and various busses connecting the CPU and the caches as well as the caches and the on-chip memory. Each component of this architecture is parameterized as shown in the following table.

Note that these parameters refer to architectural or micro-architectural features and are technology independent. There are a total of 19 parameters generating a space of 5.971012 possible configurations.

The methodology proposed has been validated in terms of both the quality of the solutions found and efficiency of execution. The index used to measure the quality of the solutions is the average distance (as a percentage) of the approximated Pareto-optimal set found by GaPlatune from the exact Pareto-optimal set found by Platune. Efficiency is measured by counting the number of simulations required to complete the exploration.

Exploration of the configuration space was confined to the subspace obtained by fixing the voltage scale parameter, as voltage scaling is usually performed dynamically. For each benchmark the exploration was performed using both Platune and GaPlatune. In the latter case the internal and external population was set to be 50 individuals, using a crossover probability of 0.9 and a mutation probability of 0.01. With regard to the convergence criterion, the term G of the convergence index is set to 3 while the convergence threshold Tc is set to 0.05. Four tests are carried out for each benchmark with three different threshold values: T=100, 200 and 400.

The measurements were made using some of the benchmarks from the Motorola Powerstone suite, which contains a collection of embedded and portable applications, including paging, automobile control, signal processing, imaging and fax applications Errore. L'origine riferimento non è stata trovata..

Errore. L'origine riferimento non è stata trovata. shows the trade-off power/execution time found by Platune and GaPlatune for different threshold values. Here, the adpcm benchmark was used. From the efficiency point of view, solutions found by GaPlatune are very close to those found by Platune. It should also be pointed out that the Pareto-optimal points found by GaPlatune are uniformly distributed along the entire trade-off curve, thus guaranteeing to find the best and the worst case solutions.

The next table summarizes the results obtained for all the benchmarks.

Table 1: Results for all Powerstone benchmarks.

Here, the first column states the benchmark name. The second column states the CPU time required to evaluate a configuration of the system when it executes that application (etime). This time has been measured using the Unix time command on an Athlon 800 MHz workstation with 256 MB of RAM running Linux. The third column shows the number of configuration visited using the Platune to find the exact Pareto-optimal set. The remaining columns give the results obtained using the GaPlatune for three different thresholds (T=100, 200 and 400). For each threshold the three columns represent the number of configurations visited to extract the approximate Pareto-optimal set, the average distance (as a percentage) of the approximate Pareto-optimal set from the exact Pareto-optimal set (d%), and the percent saving in terms of the simulation time with respect to Platune (s%). From the efficiency point of view, on average, we obtain 80% savings in the number of simulations. On the other hand the average distance from the exact Pareto-optimal set is less than 1% for all threshold values. The last line in the table gives the arithmetical average of the values in each column. Note that by increasing the threshold T, we obtain more accurate results (i.e., a obtain a better approximation of the Pareto-optimal set) at the expense of increased simulation time.

Next we consider energy consumption. Optimizing in terms of energy is important because it affects the design of dissipation and power supply systems, device reliability, and most importantly battery life. Errore. L'origine riferimento non è stata trovata. gives the energy/execution-time trade-offs for the jpeg application. The points are plotted in the same order as the corresponding ones in the power/execution-time trade-off graph. Unlike the trend shown by power (decreasing as execution-time increases), the energy trend is much more variable. While the slowest configurations are the most efficient in terms of power, they are not necessarily so in terms of energy. For example, for the jpeg benchmark, the energy decreases as execution time increases but then starts to grow again with configurations that result in execution time longer than 1 second. Here the solutions found by the GaPlatune for T=400 are uniformly distributed over the whole of the trade-off surface but many points are lost for T=100 and 200.

The reliability of an approximate approach, such as GaPlatune, can also be measured by the fact that it guarantees solutions representative of the special cases of interest (e.g., best power, best performance, etc.). Errore. L'origine riferimento non è stata trovata. gives the percentage error of GaPlatune generated values compared to Platune generated values. These values are best execution time (see Errore. L'origine riferimento non è stata trovata.(a)) and best power (see Errore. L'origine riferimento non è stata trovata.(b)) obtained for each benchmark with the three threshold values. The percent error of the best execution time always remains below 5% for all the threshold values and drops to below 1% for T=400. The percent error of best power always remains below 2.5% for all the threshold values. In general, taking the average of all the benchmarks and threshold values, the best execution time estimation error and the best power estimation error are lower than 1%.

Conclusions

We have outlined an approach that uses Genetic Algorithms to improve the performance of existing design space exploration algorithms that seek to find Pareto-optimal configurations of parameterized SOC architectures while taking into account multiple design objectives. Specifically, our approach replaces the exhaustive component of the parameter interdependency based approach called Platune Errore. L'origine riferimento non è stata trovata. by replacing it with a technique that is based on Genetic Algorithms framework called SPEA2 Errore. L'origine riferimento non è stata trovata.. Experiments show that on the average a saving of 80% in simulation time is achievable while still maintaining exploration results that are within 1% of those generated by an exhaustive but exact approach.
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		ucbqsort		3.921E-03		1.336E-01		5.334E-03		4.345E-02		5.239E-03		3.976E-02		4.080E-03		4.553E-02				ucbqsort		1.1				1.0				0.1

																						Average		1.4				1.1				0.2

		Execution time																				Execution time

				DA				GA																GA

								T=100				T=200				T=400								T=100				T=200				T=400

				best		worst		best		worst		best		worst		best		worst						best		worst		best		worst		best		worst

		adpcm		1.831E-03		2.387E-02		2.014E-03		7.436E-01		1.844E-03		7.436E-01		1.840E-03		2.387E-02				adpcm		0.8				0.1				0.0

		bcnt		4.371E-05		6.675E-04		7.079E-05		2.080E-02		6.037E-05		2.080E-02		4.495E-05		6.675E-04				bcnt		4.3				2.7				0.2

		blit		6.250E-04		5.035E-03		6.473E-04		1.569E-01		6.337E-04		1.569E-01		6.317E-04		1.569E-01				blit		0.5				0.2				0.2

		compress		4.335E-03		6.372E-02		5.283E-03		1.985E+00		5.038E-03		1.985E+00		4.802E-03		6.372E-02				compress		1.6				1.2				0.8

		crc		9.434E-04		9.466E-03		9.434E-04		2.949E-01		9.437E-04		2.949E-01		9.441E-04		9.466E-03				crc		0.0				0.0				0.0

		des		8.892E-05		1.291E-03		1.458E-04		4.022E-02		1.458E-04		4.022E-02		8.894E-05		1.291E-03				des		4.7				4.7				0.0

		engine		1.326E-02		1.755E-01		1.499E-02		5.467E+00		1.497E-02		5.467E+00		1.326E-02		1.720E-01				engine		1.1				1.1				0.0

		fir		4.731E-04		4.696E-03		5.203E-04		1.463E-01		4.781E-04		1.463E-01		4.748E-04		1.463E-01				fir		1.1				0.1				0.0

		g3fax		3.084E-02		2.703E-01		3.086E-02		8.420E+00		3.086E-02		8.420E+00		3.084E-02		8.420E+00				g3fax		0.0				0.0				0.0

		jpeg		1.509E-01		1.966E+00		1.843E-01		6.126E+01		1.656E-01		6.126E+01		1.541E-01		1.966E+00				jpeg		1.8				0.8				0.2

		pocsag		6.690E-03		6.284E-02		7.514E-03		1.958E+00		7.141E-03		1.958E+00		6.699E-03		6.284E-02				pocsag		1.5				0.8				0.0

		qurt		3.719E-05		4.492E-04		5.045E-05		1.399E-02		4.190E-05		1.399E-02		4.095E-05		4.492E-04				qurt		3.2				1.1				0.9

		ucbqsort		6.293E-03		6.466E-02		6.830E-03		2.014E+00		6.790E-03		2.014E+00		6.306E-03		6.466E-02				ucbqsort		0.9				0.9				0.0

																						Average		1.7				1.0				0.2
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Foglio3

		

				DA								MA

				first				last				first				last				first				last				first				last

												T=100								T=200								T=400

		adpcm		6.994E-02		1.831E-03		3.536E-03		2.387E-02		3.632E-02		2.014E-03		1.689E-05		7.436E-01		4.385E-02		1.840E-03		1.679E-05		7.436E-01		4.285E-02		1.844E-03		3.536E-03		2.387E-02

		bcnt		1.010E-01		4.371E-05		3.168E-03		6.675E-04		2.751E-02		6.037E-05		1.504E-05		2.080E-02		4.341E-02		4.495E-05		1.504E-05		2.080E-02		3.660E-02		7.079E-05		3.277E-03		6.675E-04

		blit		6.802E-02		6.250E-04		4.359E-03		5.035E-03		4.331E-02		6.317E-04		2.070E-05		1.569E-01		3.700E-02		6.473E-04		2.070E-05		1.569E-01		4.984E-02		6.337E-04		2.085E-05		1.569E-01

		compress		1.365E-01		4.335E-03		3.318E-03		6.372E-02		4.965E-02		5.283E-03		1.576E-05		1.985E+00		5.121E-02		4.802E-03		1.576E-05		1.985E+00		3.644E-02		5.038E-03		3.318E-03		6.372E-02

		crc		7.170E-02		9.434E-04		4.018E-03		9.466E-03		4.351E-02		9.434E-04		1.908E-05		2.949E-01		4.301E-02		9.437E-04		1.908E-05		2.949E-01		4.288E-02		9.441E-04		4.018E-03		9.466E-03

		des		4.938E-02		8.892E-05		3.154E-03		1.291E-03		2.319E-02		1.458E-04		1.497E-05		4.022E-02		2.319E-02		1.458E-04		1.497E-05		4.022E-02		6.601E-02		8.894E-05		3.154E-03		1.291E-03

		engine		6.193E-02		1.326E-02		3.412E-03		1.755E-01		4.395E-02		1.326E-02		1.620E-05		5.467E+00		3.387E-02		1.499E-02		1.620E-05		5.467E+00		3.609E-02		1.497E-02		3.453E-03		1.720E-01

		fir		6.063E-02		4.731E-04		3.800E-03		4.696E-03		5.897E-02		4.781E-04		1.804E-05		1.463E-01		4.404E-02		4.748E-04		1.804E-05		1.463E-01		4.012E-02		5.203E-04		1.804E-05		1.463E-01

		g3fax		1.129E-01		3.084E-02		4.248E-03		2.703E-01		4.123E-02		3.084E-02		2.017E-05		8.420E+00		4.087E-02		3.086E-02		2.017E-05		8.420E+00		4.013E-02		3.086E-02		2.017E-05		8.420E+00

		jpeg		7.128E-02		1.509E-01		3.543E-03		1.966E+00		5.491E-02		1.656E-01		1.682E-05		6.126E+01		3.144E-02		1.843E-01		1.682E-05		6.126E+01		4.738E-02		1.541E-01		3.543E-03		1.966E+00

		pocsag		1.017E-01		6.690E-03		4.093E-03		6.284E-02		4.303E-02		6.699E-03		2.004E-05		1.958E+00		3.482E-02		7.514E-03		1.944E-05		1.958E+00		4.359E-02		7.141E-03		4.093E-03		6.284E-02

		qurt		9.231E-02		3.719E-05		3.246E-03		4.492E-04		3.920E-02		4.190E-05		1.541E-05		1.399E-02		2.943E-02		5.045E-05		1.541E-05		1.399E-02		3.912E-02		4.095E-05		3.246E-03		4.492E-04

		ucbqsort		1.336E-01		6.293E-03		3.921E-03		6.466E-02		4.345E-02		6.790E-03		1.862E-05		2.014E+00		3.976E-02		6.830E-03		1.862E-05		2.014E+00		4.553E-02		6.306E-03		3.921E-03		6.466E-02

				T=100								T=200								T=400

				mx		Mx		my		My		mx		Mx		my		My		mx		Mx		my		My

		adpcm		1.689E-05		6.994E-02		1.831E-03		7.436E-01		1.679E-05		6.994E-02		1.831E-03		7.436E-01		3.536E-03		6.994E-02		1.831E-03		2.387E-02

		bcnt		1.504E-05		1.010E-01		4.371E-05		2.080E-02		1.504E-05		1.010E-01		4.371E-05		2.080E-02		3.168E-03		1.010E-01		4.371E-05		6.675E-04

		blit		2.070E-05		6.802E-02		6.250E-04		1.569E-01		2.070E-05		6.802E-02		6.250E-04		1.569E-01		2.085E-05		6.802E-02		6.250E-04		1.569E-01

		compress		1.576E-05		1.365E-01		4.335E-03		1.985E+00		1.576E-05		1.365E-01		4.335E-03		1.985E+00		3.318E-03		1.365E-01		4.335E-03		6.372E-02

		crc		1.908E-05		7.170E-02		9.434E-04		2.949E-01		1.908E-05		7.170E-02		9.434E-04		2.949E-01		4.018E-03		7.170E-02		9.434E-04		9.466E-03

		des		1.497E-05		4.938E-02		8.892E-05		4.022E-02		1.497E-05		4.938E-02		8.892E-05		4.022E-02		3.154E-03		6.601E-02		8.892E-05		1.291E-03

		engine		1.620E-05		6.193E-02		1.326E-02		5.467E+00		1.620E-05		6.193E-02		1.326E-02		5.467E+00		3.412E-03		6.193E-02		1.326E-02		1.755E-01

		fir		1.804E-05		6.063E-02		4.731E-04		1.463E-01		1.804E-05		6.063E-02		4.731E-04		1.463E-01		1.804E-05		6.063E-02		4.731E-04		1.463E-01

		g3fax		2.017E-05		1.129E-01		3.084E-02		8.420E+00		2.017E-05		1.129E-01		3.084E-02		8.420E+00		2.017E-05		1.129E-01		3.084E-02		8.420E+00

		jpeg		1.682E-05		7.128E-02		1.509E-01		6.126E+01		1.682E-05		7.128E-02		1.509E-01		6.126E+01		3.543E-03		7.128E-02		1.509E-01		1.966E+00

		pocsag		2.004E-05		1.017E-01		6.690E-03		1.958E+00		1.944E-05		1.017E-01		6.690E-03		1.958E+00		4.093E-03		1.017E-01		6.690E-03		6.284E-02

		qurt		1.541E-05		9.231E-02		3.719E-05		1.399E-02		1.541E-05		9.231E-02		3.719E-05		1.399E-02		3.246E-03		9.231E-02		3.719E-05		4.492E-04

		ucbqsort		1.862E-05		1.336E-01		6.293E-03		2.014E+00		1.862E-05		1.336E-01		6.293E-03		2.014E+00		3.921E-03		1.336E-01		6.293E-03		6.466E-02

				T=100		T=200		T=400

		adpcm		0.7450573741		0.7450573835		0.0699657683

		bcnt		0.1030960024		0.1030960024		0.0978339887

		blit		0.1704282266		0.1704282266		0.1704281668

		compress		1.9853618789		1.9853618789		0.1458218891

		crc		0.302570053		0.302570053		0.0682164777

		des		0.0636192563		0.0636192563		0.0628674934

		engine		5.4540914281		5.4540914281		0.1724707915

		fir		0.1579217986		0.1579217986		0.1579217986

		g3fax		8.3899193895		8.3899193895		8.3899193895

		jpeg		61.1091415522		61.1091415522		1.8163634854

		pocsag		1.9539574024		1.9539574336		0.1126052794

		qurt		0.0933433032		0.0933433032		0.089064953

		ucbqsort		2.0121459646		2.0121459646		0.1422088244

				T=100				T=200				T=400

				first		last		first		last		first		last

		adpcm		3.362E-02		7.197E-01		2.609E-02		7.197E-01		2.709E-02		0.000E+00

		bcnt		7.349E-02		2.038E-02		5.759E-02		2.038E-02		6.440E-02		1.090E-04

		blit		2.471E-02		1.519E-01		3.102E-02		1.519E-01		1.818E-02		1.519E-01

		compress		8.686E-02		1.921E+00		8.529E-02		1.921E+00		1.001E-01		0.000E+00

		crc		6.300E-04		2.855E-01		1.300E-04		2.855E-01		2.882E-02		0.000E+00

		des		2.619E-02		3.906E-02		2.619E-02		3.906E-02		1.663E-02		0.000E+00

		engine		1.798E-02		5.292E+00		2.811E-02		5.292E+00		2.590E-02		3.500E-03

		fir		1.660E-03		1.417E-01		1.659E-02		1.417E-01		2.051E-02		1.417E-01

		g3fax		7.167E-02		8.150E+00		7.203E-02		8.150E+00		7.277E-02		8.150E+00

		jpeg		2.200E-02		5.929E+01		5.199E-02		5.929E+01		2.411E-02		0.000E+00

		pocsag		5.867E-02		1.895E+00		6.689E-02		1.895E+00		5.811E-02		0.000E+00

		qurt		5.311E-02		1.392E-02		6.288E-02		1.392E-02		5.319E-02		0.000E+00

		ucbqsort		2.136E-03		1.949E+00		5.794E-03		1.949E+00		8.807E-02		0.000E+00

				T=100				T=200				T=400

				first		last		first		last		first		last

		adpcm		4.5		96.6		3.5		96.6		38.7		0.0

		bcnt		71.3		19.8		55.9		19.8		65.8		0.1

		blit		14.5		89.1		18.2		89.1		10.7		89.1

		compress		4.4		96.8		4.3		96.8		68.6		0.0

		crc		0.2		94.3		0.0		94.3		42.2		0.0

		des		41.2		61.4		41.2		61.4		26.5		0.0

		engine		0.3		97.0		0.5		97.0		15.0		2.0

		fir		1.1		89.7		10.5		89.7		13.0		89.7

		g3fax		0.9		97.1		0.9		97.1		0.9		97.1

		jpeg		0.0		97.0		0.1		97.0		1.3		0.0

		pocsag		3.0		97.0		3.4		97.0		51.6		0.0

		qurt		56.9		14.9		67.4		14.9		59.7		0.0

		ucbqsort		0.1		96.9		0.3		96.9		61.9		0.0





Foglio4

		

								DA								GA, T=100

				deltaX		deltaY		first				last				first				last				minX		maxX		minY		maxY		d

		adpcm		0.06992311		0.741769		1.000E+00		2.468E-03		5.057E-02		3.218E-02		5.194E-01		2.715E-03		2.416E-04		1.002E+00		2.416E-04		1.000E+00		2.468E-03		1.002E+00		1.4142135624

		bcnt		0.10098496		0.02075629		1.000E+00		2.106E-03		3.137E-02		3.216E-02		2.724E-01		2.909E-03		1.489E-04		1.002E+00		1.489E-04		1.000E+00		2.106E-03		1.002E+00		1.4142135624

		blit		0.0679993		0.156275		1.000E+00		3.999E-03		6.410E-02		3.222E-02		6.369E-01		4.042E-03		3.044E-04		1.004E+00		3.044E-04		1.000E+00		3.999E-03		1.004E+00		1.4142135624

		compress		0.13648424		1.980665		1.000E+00		2.189E-03		2.431E-02		3.217E-02		3.638E-01		2.667E-03		1.155E-04		1.002E+00		1.155E-04		1.000E+00		2.189E-03		1.002E+00		1.4142135624

		crc		0.07168092		0.2939566		1.000E+00		3.209E-03		5.605E-02		3.220E-02		6.070E-01		3.209E-03		2.662E-04		1.003E+00		2.662E-04		1.000E+00		3.209E-03		1.003E+00		1.4142135624

		des		0.04936503		0.04013108		1.000E+00		2.216E-03		6.389E-02		3.217E-02		4.698E-01		3.633E-03		3.033E-04		1.002E+00		3.033E-04		1.000E+00		2.216E-03		1.002E+00		1.4142135624

		engine		0.0619138		5.45374		1.000E+00		2.431E-03		5.511E-02		3.218E-02		7.099E-01		2.431E-03		2.617E-04		1.002E+00		2.617E-04		1.000E+00		2.431E-03		1.002E+00		1.4142135624

		fir		0.06061196		0.1458269		1.000E+00		3.244E-03		6.269E-02		3.220E-02		9.729E-01		3.279E-03		2.976E-04		1.003E+00		2.976E-04		1.000E+00		3.244E-03		1.003E+00		1.4142135624

		g3fax		0.11287983		8.38916		1.000E+00		3.676E-03		3.763E-02		3.222E-02		3.653E-01		3.676E-03		1.787E-04		1.004E+00		1.787E-04		1.000E+00		3.676E-03		1.004E+00		1.4142135624

		jpeg		0.07126318		61.1091		1.000E+00		2.469E-03		4.972E-02		3.217E-02		7.705E-01		2.710E-03		2.360E-04		1.002E+00		2.360E-04		1.000E+00		2.469E-03		1.002E+00		1.4142135624

		pocsag		0.10167996		1.95131		1.000E+00		3.428E-03		4.025E-02		3.220E-02		4.232E-01		3.433E-03		1.971E-04		1.003E+00		1.971E-04		1.000E+00		3.428E-03		1.003E+00		1.4142135624

		qurt		0.09229459		0.01395281		1.000E+00		2.665E-03		3.517E-02		3.219E-02		4.247E-01		3.003E-03		1.670E-04		1.003E+00		1.670E-04		1.000E+00		2.665E-03		1.003E+00		1.4142135624

		ucbqsort		0.13358138		2.007707		1.000E+00		3.134E-03		2.935E-02		3.221E-02		3.253E-01		3.382E-03		1.394E-04		1.003E+00		1.394E-04		1.000E+00		3.134E-03		1.003E+00		1.4142135624

				T=100

				dist first		dist last

		adpcm		34.0		68.7

		bcnt		51.5		68.6

		blit		25.7		68.9

		compress		45.0		68.6

		crc		27.8		68.8

		des		37.5		68.7

		engine		20.5		68.7

		fir		1.9		68.8

		g3fax		44.9		68.7

		jpeg		16.2		68.7

		pocsag		40.8		68.7

		qurt		40.7		68.7

		ucbqsort		47.7		68.7





Foglio5

		

								DA								GA, T=100

				deltaX		deltaY		first				last				first				last				minX		maxX		minY		maxY		d

		adpcm		0.06992321		0.741769		1.000E+00		2.468E-03		5.057E-02		3.218E-02		6.271E-01		2.481E-03		2.401E-04		1.002E+00		2.401E-04		1.000E+00		2.468E-03		1.002E+00		1.4142135624

		bcnt		0.10098496		0.02075629		1.000E+00		2.106E-03		3.137E-02		3.216E-02		4.299E-01		2.166E-03		1.489E-04		1.002E+00		1.489E-04		1.000E+00		2.106E-03		1.002E+00		1.4142135624

		blit		0.0679993		0.156275		1.000E+00		3.999E-03		6.410E-02		3.222E-02		5.441E-01		4.142E-03		3.044E-04		1.004E+00		3.044E-04		1.000E+00		3.999E-03		1.004E+00		1.4142135624

		compress		0.13648424		1.980665		1.000E+00		2.189E-03		2.431E-02		3.217E-02		3.752E-01		2.424E-03		1.155E-04		1.002E+00		1.155E-04		1.000E+00		2.189E-03		1.002E+00		1.4142135624

		crc		0.07168092		0.2939566		1.000E+00		3.209E-03		5.605E-02		3.220E-02		6.000E-01		3.210E-03		2.662E-04		1.003E+00		2.662E-04		1.000E+00		3.209E-03		1.003E+00		1.4142135624

		des		0.04936503		0.04013108		1.000E+00		2.216E-03		6.389E-02		3.217E-02		4.698E-01		3.633E-03		3.033E-04		1.002E+00		3.033E-04		1.000E+00		2.216E-03		1.002E+00		1.4142135624

		engine		0.0619138		5.45374		1.000E+00		2.431E-03		5.511E-02		3.218E-02		5.471E-01		2.749E-03		2.617E-04		1.002E+00		2.617E-04		1.000E+00		2.431E-03		1.002E+00		1.4142135624

		fir		0.06061196		0.1458269		1.000E+00		3.244E-03		6.269E-02		3.220E-02		7.266E-01		3.256E-03		2.976E-04		1.003E+00		2.976E-04		1.000E+00		3.244E-03		1.003E+00		1.4142135624

		g3fax		0.11287983		8.38916		1.000E+00		3.676E-03		3.763E-02		3.222E-02		3.621E-01		3.679E-03		1.787E-04		1.004E+00		1.787E-04		1.000E+00		3.676E-03		1.004E+00		1.4142135624

		jpeg		0.07126318		61.1091		1.000E+00		2.469E-03		4.972E-02		3.217E-02		4.412E-01		3.016E-03		2.360E-04		1.002E+00		2.360E-04		1.000E+00		2.469E-03		1.002E+00		1.4142135624

		pocsag		0.10168056		1.95131		1.000E+00		3.428E-03		4.025E-02		3.220E-02		3.424E-01		3.851E-03		1.912E-04		1.003E+00		1.912E-04		1.000E+00		3.428E-03		1.003E+00		1.4142135624

		qurt		0.09229459		0.01395281		1.000E+00		2.665E-03		3.517E-02		3.219E-02		3.189E-01		3.616E-03		1.670E-04		1.003E+00		1.670E-04		1.000E+00		2.665E-03		1.003E+00		1.4142135624

		ucbqsort		0.13358138		2.007707		1.000E+00		3.134E-03		2.935E-02		3.221E-02		2.976E-01		3.402E-03		1.394E-04		1.003E+00		1.394E-04		1.000E+00		3.134E-03		1.003E+00		1.4142135624

				T=200

				dist first		dist last

		adpcm		26.4		68.7

		bcnt		40.3		68.6

		blit		32.3		68.9

		compress		44.2		68.6

		crc		28.3		68.8

		des		37.5		68.7

		engine		32.0		68.7

		fir		19.4		68.8

		g3fax		45.1		68.7

		jpeg		39.5		68.7

		pocsag		46.5		68.7

		qurt		48.2		68.7

		ucbqsort		49.7		68.7





		

								DA								GA, T=100

				deltaX		deltaY		first				last				first				last				minX		maxX		minY		maxY		d

		adpcm		0.066404		0.022039		1.053E+00		8.308E-02		5.325E-02		1.083E+00		6.453E-01		8.367E-02		5.325E-02		1.083E+00		5.325E-02		1.053E+00		8.308E-02		1.083E+00		1.4142135624

		bcnt		0.097832		0.00062379		1.032E+00		7.007E-02		3.238E-02		1.070E+00		3.741E-01		1.135E-01		3.350E-02		1.070E+00		3.238E-02		1.032E+00		7.007E-02		1.070E+00		1.4142135624

		blit		0.06799915		0.156275		1.000E+00		3.999E-03		6.410E-02		3.222E-02		7.330E-01		4.055E-03		3.066E-04		1.004E+00		3.066E-04		1.000E+00		3.999E-03		1.004E+00		1.4142135624

		compress		0.133182		0.059385		1.025E+00		7.300E-02		2.491E-02		1.073E+00		2.736E-01		8.484E-02		2.491E-02		1.073E+00		2.491E-02		1.025E+00		7.300E-02		1.073E+00		1.4142135624

		crc		0.067682		0.0085226		1.059E+00		1.107E-01		5.937E-02		1.111E+00		6.336E-01		1.108E-01		5.937E-02		1.111E+00		5.937E-02		1.059E+00		1.107E-01		1.111E+00		1.4142135624

		des		0.062856		0.00120208		7.856E-01		7.397E-02		5.018E-02		1.074E+00		1.050E+00		7.399E-02		5.018E-02		1.074E+00		5.018E-02		1.050E+00		7.397E-02		1.074E+00		1.4142135624

		engine		0.058518		0.16224		1.058E+00		8.173E-02		5.831E-02		1.082E+00		6.167E-01		9.227E-02		5.901E-02		1.060E+00		5.831E-02		1.058E+00		8.173E-02		1.082E+00		1.4142135624

		fir		0.06061196		0.1458269		1.000E+00		3.244E-03		6.269E-02		3.220E-02		6.619E-01		3.568E-03		2.976E-04		1.003E+00		2.976E-04		1.000E+00		3.244E-03		1.003E+00		1.4142135624

		g3fax		0.11287983		8.38916		1.000E+00		3.676E-03		3.763E-02		3.222E-02		3.555E-01		3.679E-03		1.787E-04		1.004E+00		1.787E-04		1.000E+00		3.676E-03		1.004E+00		1.4142135624

		jpeg		0.067737		1.8151		1.052E+00		8.314E-02		5.231E-02		1.083E+00		6.995E-01		8.490E-02		5.231E-02		1.083E+00		5.231E-02		1.052E+00		8.314E-02		1.083E+00		1.4142135624

		pocsag		0.097607		0.05615		1.042E+00		1.191E-01		4.193E-02		1.119E+00		4.466E-01		1.272E-01		4.193E-02		1.119E+00		4.193E-02		1.042E+00		1.191E-01		1.119E+00		1.4142135624

		qurt		0.089064		0.00041201		1.036E+00		9.026E-02		3.645E-02		1.090E+00		4.392E-01		9.939E-02		3.645E-02		1.090E+00		3.645E-02		1.036E+00		9.026E-02		1.090E+00		1.4142135624

		ucbqsort		0.129679		0.058367		1.030E+00		1.078E-01		3.024E-02		1.108E+00		3.511E-01		1.080E-01		3.024E-02		1.108E+00		3.024E-02		1.030E+00		1.078E-01		1.108E+00		1.4142135624

				T=200

				dist first		dist last

		adpcm		28.8		0.0

		bcnt		46.6		0.1

		blit		18.9		68.9

		compress		53.1		0.0

		crc		30.1		0.0

		des		18.7		0.0

		engine		31.2		1.5

		fir		23.9		68.8

		g3fax		45.6		68.7

		jpeg		24.9		0.0

		pocsag		42.1		0.0

		qurt		42.2		0.0

		ucbqsort		48.0		0.0
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Foglio1

		Power																				Power

				DA				GA																GA

								T=100				T=200				T=400								T=100				T=200				T=400

				best		worst		best		worst		best		worst		best		worst						best		worst		best		worst		best		worst

		adpcm		3.536E-03		6.994E-02		3.557E-03		3.632E-02		3.536E-03		4.385E-02		3.536E-03		4.285E-02				adpcm		0.0				0.0				0.0

		bcnt		3.168E-03		1.010E-01		4.273E-03		2.751E-02		3.974E-03		4.341E-02		3.277E-03		3.660E-02				bcnt		1.1				0.8				0.1

		blit		4.359E-03		6.802E-02		5.407E-03		4.331E-02		5.240E-03		3.700E-02		4.391E-03		4.984E-02				blit		1.6				1.4				0.1

		compress		3.318E-03		1.365E-01		4.603E-03		4.965E-02		3.857E-03		5.121E-02		3.318E-03		3.644E-02				compress		1.0				0.4				0.0

		crc		4.018E-03		7.170E-02		5.559E-03		4.351E-02		5.277E-03		4.301E-02		4.018E-03		4.288E-02				crc		2.3				1.9				0.0

		des		3.154E-03		4.938E-02		4.000E-03		2.319E-02		4.000E-03		2.319E-02		3.154E-03		6.601E-02				des		1.8				1.8				0.0

		engine		3.412E-03		6.193E-02		4.624E-03		4.395E-02		4.211E-03		3.387E-02		3.453E-03		3.609E-02				engine		2.1				1.4				0.1

		fir		3.800E-03		6.063E-02		5.094E-03		5.897E-02		5.002E-03		4.404E-02		4.686E-03		4.012E-02				fir		2.3				2.1				1.6

		g3fax		4.248E-03		1.129E-01		6.223E-03		4.123E-02		5.282E-03		4.087E-02		5.162E-03		4.013E-02				g3fax		1.8				1.0				0.8

		jpeg		3.543E-03		7.128E-02		4.605E-03		5.491E-02		4.441E-03		3.144E-02		3.606E-03		4.738E-02				jpeg		1.6				1.3				0.1

		pocsag		4.093E-03		1.017E-01		5.167E-03		4.303E-02		4.221E-03		3.482E-02		4.093E-03		4.359E-02				pocsag		1.1				0.1				0.0

		qurt		3.246E-03		9.231E-02		4.007E-03		3.920E-02		3.811E-03		2.943E-02		3.348E-03		3.912E-02				qurt		0.9				0.6				0.1

		ucbqsort		3.921E-03		1.336E-01		5.334E-03		4.345E-02		5.239E-03		3.976E-02		4.080E-03		4.553E-02				ucbqsort		1.1				1.0				0.1

																						Average		1.4				1.1				0.2

		Execution time																				Execution time

				DA				GA																GA

								T=100				T=200				T=400								T=100				T=200				T=400

				best		worst		best		worst		best		worst		best		worst						best		worst		best		worst		best		worst

		adpcm		1.831E-03		2.387E-02		2.014E-03		7.436E-01		1.844E-03		7.436E-01		1.840E-03		2.387E-02				adpcm		0.8				0.1				0.0

		bcnt		4.371E-05		6.675E-04		7.079E-05		2.080E-02		6.037E-05		2.080E-02		4.495E-05		6.675E-04				bcnt		4.3				2.7				0.2

		blit		6.250E-04		5.035E-03		6.473E-04		1.569E-01		6.337E-04		1.569E-01		6.317E-04		1.569E-01				blit		0.5				0.2				0.2

		compress		4.335E-03		6.372E-02		5.283E-03		1.985E+00		5.038E-03		1.985E+00		4.802E-03		6.372E-02				compress		1.6				1.2				0.8

		crc		9.434E-04		9.466E-03		9.434E-04		2.949E-01		9.437E-04		2.949E-01		9.441E-04		9.466E-03				crc		0.0				0.0				0.0

		des		8.892E-05		1.291E-03		1.458E-04		4.022E-02		1.458E-04		4.022E-02		8.894E-05		1.291E-03				des		4.7				4.7				0.0

		engine		1.326E-02		1.755E-01		1.499E-02		5.467E+00		1.497E-02		5.467E+00		1.326E-02		1.720E-01				engine		1.1				1.1				0.0

		fir		4.731E-04		4.696E-03		5.203E-04		1.463E-01		4.781E-04		1.463E-01		4.748E-04		1.463E-01				fir		1.1				0.1				0.0

		g3fax		3.084E-02		2.703E-01		3.086E-02		8.420E+00		3.086E-02		8.420E+00		3.084E-02		8.420E+00				g3fax		0.0				0.0				0.0

		jpeg		1.509E-01		1.966E+00		1.843E-01		6.126E+01		1.656E-01		6.126E+01		1.541E-01		1.966E+00				jpeg		1.8				0.8				0.2

		pocsag		6.690E-03		6.284E-02		7.514E-03		1.958E+00		7.141E-03		1.958E+00		6.699E-03		6.284E-02				pocsag		1.5				0.8				0.0

		qurt		3.719E-05		4.492E-04		5.045E-05		1.399E-02		4.190E-05		1.399E-02		4.095E-05		4.492E-04				qurt		3.2				1.1				0.9

		ucbqsort		6.293E-03		6.466E-02		6.830E-03		2.014E+00		6.790E-03		2.014E+00		6.306E-03		6.466E-02				ucbqsort		0.9				0.9				0.0

																						Average		1.7				1.0				0.2
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Foglio2
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Foglio3

		

				DA								MA

				first				last				first				last				first				last				first				last

												T=100								T=200								T=400

		adpcm		6.994E-02		1.831E-03		3.536E-03		2.387E-02		3.632E-02		2.014E-03		1.689E-05		7.436E-01		4.385E-02		1.840E-03		1.679E-05		7.436E-01		4.285E-02		1.844E-03		3.536E-03		2.387E-02

		bcnt		1.010E-01		4.371E-05		3.168E-03		6.675E-04		2.751E-02		6.037E-05		1.504E-05		2.080E-02		4.341E-02		4.495E-05		1.504E-05		2.080E-02		3.660E-02		7.079E-05		3.277E-03		6.675E-04

		blit		6.802E-02		6.250E-04		4.359E-03		5.035E-03		4.331E-02		6.317E-04		2.070E-05		1.569E-01		3.700E-02		6.473E-04		2.070E-05		1.569E-01		4.984E-02		6.337E-04		2.085E-05		1.569E-01

		compress		1.365E-01		4.335E-03		3.318E-03		6.372E-02		4.965E-02		5.283E-03		1.576E-05		1.985E+00		5.121E-02		4.802E-03		1.576E-05		1.985E+00		3.644E-02		5.038E-03		3.318E-03		6.372E-02

		crc		7.170E-02		9.434E-04		4.018E-03		9.466E-03		4.351E-02		9.434E-04		1.908E-05		2.949E-01		4.301E-02		9.437E-04		1.908E-05		2.949E-01		4.288E-02		9.441E-04		4.018E-03		9.466E-03

		des		4.938E-02		8.892E-05		3.154E-03		1.291E-03		2.319E-02		1.458E-04		1.497E-05		4.022E-02		2.319E-02		1.458E-04		1.497E-05		4.022E-02		6.601E-02		8.894E-05		3.154E-03		1.291E-03

		engine		6.193E-02		1.326E-02		3.412E-03		1.755E-01		4.395E-02		1.326E-02		1.620E-05		5.467E+00		3.387E-02		1.499E-02		1.620E-05		5.467E+00		3.609E-02		1.497E-02		3.453E-03		1.720E-01

		fir		6.063E-02		4.731E-04		3.800E-03		4.696E-03		5.897E-02		4.781E-04		1.804E-05		1.463E-01		4.404E-02		4.748E-04		1.804E-05		1.463E-01		4.012E-02		5.203E-04		1.804E-05		1.463E-01

		g3fax		1.129E-01		3.084E-02		4.248E-03		2.703E-01		4.123E-02		3.084E-02		2.017E-05		8.420E+00		4.087E-02		3.086E-02		2.017E-05		8.420E+00		4.013E-02		3.086E-02		2.017E-05		8.420E+00

		jpeg		7.128E-02		1.509E-01		3.543E-03		1.966E+00		5.491E-02		1.656E-01		1.682E-05		6.126E+01		3.144E-02		1.843E-01		1.682E-05		6.126E+01		4.738E-02		1.541E-01		3.543E-03		1.966E+00

		pocsag		1.017E-01		6.690E-03		4.093E-03		6.284E-02		4.303E-02		6.699E-03		2.004E-05		1.958E+00		3.482E-02		7.514E-03		1.944E-05		1.958E+00		4.359E-02		7.141E-03		4.093E-03		6.284E-02

		qurt		9.231E-02		3.719E-05		3.246E-03		4.492E-04		3.920E-02		4.190E-05		1.541E-05		1.399E-02		2.943E-02		5.045E-05		1.541E-05		1.399E-02		3.912E-02		4.095E-05		3.246E-03		4.492E-04

		ucbqsort		1.336E-01		6.293E-03		3.921E-03		6.466E-02		4.345E-02		6.790E-03		1.862E-05		2.014E+00		3.976E-02		6.830E-03		1.862E-05		2.014E+00		4.553E-02		6.306E-03		3.921E-03		6.466E-02

				T=100								T=200								T=400

				mx		Mx		my		My		mx		Mx		my		My		mx		Mx		my		My

		adpcm		1.689E-05		6.994E-02		1.831E-03		7.436E-01		1.679E-05		6.994E-02		1.831E-03		7.436E-01		3.536E-03		6.994E-02		1.831E-03		2.387E-02

		bcnt		1.504E-05		1.010E-01		4.371E-05		2.080E-02		1.504E-05		1.010E-01		4.371E-05		2.080E-02		3.168E-03		1.010E-01		4.371E-05		6.675E-04

		blit		2.070E-05		6.802E-02		6.250E-04		1.569E-01		2.070E-05		6.802E-02		6.250E-04		1.569E-01		2.085E-05		6.802E-02		6.250E-04		1.569E-01

		compress		1.576E-05		1.365E-01		4.335E-03		1.985E+00		1.576E-05		1.365E-01		4.335E-03		1.985E+00		3.318E-03		1.365E-01		4.335E-03		6.372E-02

		crc		1.908E-05		7.170E-02		9.434E-04		2.949E-01		1.908E-05		7.170E-02		9.434E-04		2.949E-01		4.018E-03		7.170E-02		9.434E-04		9.466E-03

		des		1.497E-05		4.938E-02		8.892E-05		4.022E-02		1.497E-05		4.938E-02		8.892E-05		4.022E-02		3.154E-03		6.601E-02		8.892E-05		1.291E-03

		engine		1.620E-05		6.193E-02		1.326E-02		5.467E+00		1.620E-05		6.193E-02		1.326E-02		5.467E+00		3.412E-03		6.193E-02		1.326E-02		1.755E-01

		fir		1.804E-05		6.063E-02		4.731E-04		1.463E-01		1.804E-05		6.063E-02		4.731E-04		1.463E-01		1.804E-05		6.063E-02		4.731E-04		1.463E-01

		g3fax		2.017E-05		1.129E-01		3.084E-02		8.420E+00		2.017E-05		1.129E-01		3.084E-02		8.420E+00		2.017E-05		1.129E-01		3.084E-02		8.420E+00

		jpeg		1.682E-05		7.128E-02		1.509E-01		6.126E+01		1.682E-05		7.128E-02		1.509E-01		6.126E+01		3.543E-03		7.128E-02		1.509E-01		1.966E+00

		pocsag		2.004E-05		1.017E-01		6.690E-03		1.958E+00		1.944E-05		1.017E-01		6.690E-03		1.958E+00		4.093E-03		1.017E-01		6.690E-03		6.284E-02

		qurt		1.541E-05		9.231E-02		3.719E-05		1.399E-02		1.541E-05		9.231E-02		3.719E-05		1.399E-02		3.246E-03		9.231E-02		3.719E-05		4.492E-04

		ucbqsort		1.862E-05		1.336E-01		6.293E-03		2.014E+00		1.862E-05		1.336E-01		6.293E-03		2.014E+00		3.921E-03		1.336E-01		6.293E-03		6.466E-02

				T=100		T=200		T=400

		adpcm		0.7450573741		0.7450573835		0.0699657683

		bcnt		0.1030960024		0.1030960024		0.0978339887

		blit		0.1704282266		0.1704282266		0.1704281668

		compress		1.9853618789		1.9853618789		0.1458218891

		crc		0.302570053		0.302570053		0.0682164777

		des		0.0636192563		0.0636192563		0.0628674934

		engine		5.4540914281		5.4540914281		0.1724707915

		fir		0.1579217986		0.1579217986		0.1579217986

		g3fax		8.3899193895		8.3899193895		8.3899193895

		jpeg		61.1091415522		61.1091415522		1.8163634854

		pocsag		1.9539574024		1.9539574336		0.1126052794

		qurt		0.0933433032		0.0933433032		0.089064953

		ucbqsort		2.0121459646		2.0121459646		0.1422088244

				T=100				T=200				T=400

				first		last		first		last		first		last

		adpcm		3.362E-02		7.197E-01		2.609E-02		7.197E-01		2.709E-02		0.000E+00

		bcnt		7.349E-02		2.038E-02		5.759E-02		2.038E-02		6.440E-02		1.090E-04

		blit		2.471E-02		1.519E-01		3.102E-02		1.519E-01		1.818E-02		1.519E-01

		compress		8.686E-02		1.921E+00		8.529E-02		1.921E+00		1.001E-01		0.000E+00

		crc		6.300E-04		2.855E-01		1.300E-04		2.855E-01		2.882E-02		0.000E+00

		des		2.619E-02		3.906E-02		2.619E-02		3.906E-02		1.663E-02		0.000E+00

		engine		1.798E-02		5.292E+00		2.811E-02		5.292E+00		2.590E-02		3.500E-03

		fir		1.660E-03		1.417E-01		1.659E-02		1.417E-01		2.051E-02		1.417E-01

		g3fax		7.167E-02		8.150E+00		7.203E-02		8.150E+00		7.277E-02		8.150E+00

		jpeg		2.200E-02		5.929E+01		5.199E-02		5.929E+01		2.411E-02		0.000E+00

		pocsag		5.867E-02		1.895E+00		6.689E-02		1.895E+00		5.811E-02		0.000E+00

		qurt		5.311E-02		1.392E-02		6.288E-02		1.392E-02		5.319E-02		0.000E+00

		ucbqsort		2.136E-03		1.949E+00		5.794E-03		1.949E+00		8.807E-02		0.000E+00

				T=100				T=200				T=400

				first		last		first		last		first		last

		adpcm		4.5		96.6		3.5		96.6		38.7		0.0

		bcnt		71.3		19.8		55.9		19.8		65.8		0.1

		blit		14.5		89.1		18.2		89.1		10.7		89.1

		compress		4.4		96.8		4.3		96.8		68.6		0.0

		crc		0.2		94.3		0.0		94.3		42.2		0.0

		des		41.2		61.4		41.2		61.4		26.5		0.0

		engine		0.3		97.0		0.5		97.0		15.0		2.0

		fir		1.1		89.7		10.5		89.7		13.0		89.7

		g3fax		0.9		97.1		0.9		97.1		0.9		97.1

		jpeg		0.0		97.0		0.1		97.0		1.3		0.0

		pocsag		3.0		97.0		3.4		97.0		51.6		0.0

		qurt		56.9		14.9		67.4		14.9		59.7		0.0

		ucbqsort		0.1		96.9		0.3		96.9		61.9		0.0





Foglio4

		

								DA								GA, T=100

				deltaX		deltaY		first				last				first				last				minX		maxX		minY		maxY		d

		adpcm		0.06992311		0.741769		1.000E+00		2.468E-03		5.057E-02		3.218E-02		5.194E-01		2.715E-03		2.416E-04		1.002E+00		2.416E-04		1.000E+00		2.468E-03		1.002E+00		1.4142135624

		bcnt		0.10098496		0.02075629		1.000E+00		2.106E-03		3.137E-02		3.216E-02		2.724E-01		2.909E-03		1.489E-04		1.002E+00		1.489E-04		1.000E+00		2.106E-03		1.002E+00		1.4142135624

		blit		0.0679993		0.156275		1.000E+00		3.999E-03		6.410E-02		3.222E-02		6.369E-01		4.042E-03		3.044E-04		1.004E+00		3.044E-04		1.000E+00		3.999E-03		1.004E+00		1.4142135624

		compress		0.13648424		1.980665		1.000E+00		2.189E-03		2.431E-02		3.217E-02		3.638E-01		2.667E-03		1.155E-04		1.002E+00		1.155E-04		1.000E+00		2.189E-03		1.002E+00		1.4142135624

		crc		0.07168092		0.2939566		1.000E+00		3.209E-03		5.605E-02		3.220E-02		6.070E-01		3.209E-03		2.662E-04		1.003E+00		2.662E-04		1.000E+00		3.209E-03		1.003E+00		1.4142135624

		des		0.04936503		0.04013108		1.000E+00		2.216E-03		6.389E-02		3.217E-02		4.698E-01		3.633E-03		3.033E-04		1.002E+00		3.033E-04		1.000E+00		2.216E-03		1.002E+00		1.4142135624

		engine		0.0619138		5.45374		1.000E+00		2.431E-03		5.511E-02		3.218E-02		7.099E-01		2.431E-03		2.617E-04		1.002E+00		2.617E-04		1.000E+00		2.431E-03		1.002E+00		1.4142135624

		fir		0.06061196		0.1458269		1.000E+00		3.244E-03		6.269E-02		3.220E-02		9.729E-01		3.279E-03		2.976E-04		1.003E+00		2.976E-04		1.000E+00		3.244E-03		1.003E+00		1.4142135624

		g3fax		0.11287983		8.38916		1.000E+00		3.676E-03		3.763E-02		3.222E-02		3.653E-01		3.676E-03		1.787E-04		1.004E+00		1.787E-04		1.000E+00		3.676E-03		1.004E+00		1.4142135624

		jpeg		0.07126318		61.1091		1.000E+00		2.469E-03		4.972E-02		3.217E-02		7.705E-01		2.710E-03		2.360E-04		1.002E+00		2.360E-04		1.000E+00		2.469E-03		1.002E+00		1.4142135624

		pocsag		0.10167996		1.95131		1.000E+00		3.428E-03		4.025E-02		3.220E-02		4.232E-01		3.433E-03		1.971E-04		1.003E+00		1.971E-04		1.000E+00		3.428E-03		1.003E+00		1.4142135624

		qurt		0.09229459		0.01395281		1.000E+00		2.665E-03		3.517E-02		3.219E-02		4.247E-01		3.003E-03		1.670E-04		1.003E+00		1.670E-04		1.000E+00		2.665E-03		1.003E+00		1.4142135624

		ucbqsort		0.13358138		2.007707		1.000E+00		3.134E-03		2.935E-02		3.221E-02		3.253E-01		3.382E-03		1.394E-04		1.003E+00		1.394E-04		1.000E+00		3.134E-03		1.003E+00		1.4142135624

				T=100

				dist first		dist last

		adpcm		34.0		68.7

		bcnt		51.5		68.6

		blit		25.7		68.9

		compress		45.0		68.6

		crc		27.8		68.8

		des		37.5		68.7

		engine		20.5		68.7

		fir		1.9		68.8

		g3fax		44.9		68.7

		jpeg		16.2		68.7

		pocsag		40.8		68.7

		qurt		40.7		68.7

		ucbqsort		47.7		68.7





Foglio5

		

								DA								GA, T=100

				deltaX		deltaY		first				last				first				last				minX		maxX		minY		maxY		d

		adpcm		0.06992321		0.741769		1.000E+00		2.468E-03		5.057E-02		3.218E-02		6.271E-01		2.481E-03		2.401E-04		1.002E+00		2.401E-04		1.000E+00		2.468E-03		1.002E+00		1.4142135624

		bcnt		0.10098496		0.02075629		1.000E+00		2.106E-03		3.137E-02		3.216E-02		4.299E-01		2.166E-03		1.489E-04		1.002E+00		1.489E-04		1.000E+00		2.106E-03		1.002E+00		1.4142135624

		blit		0.0679993		0.156275		1.000E+00		3.999E-03		6.410E-02		3.222E-02		5.441E-01		4.142E-03		3.044E-04		1.004E+00		3.044E-04		1.000E+00		3.999E-03		1.004E+00		1.4142135624

		compress		0.13648424		1.980665		1.000E+00		2.189E-03		2.431E-02		3.217E-02		3.752E-01		2.424E-03		1.155E-04		1.002E+00		1.155E-04		1.000E+00		2.189E-03		1.002E+00		1.4142135624

		crc		0.07168092		0.2939566		1.000E+00		3.209E-03		5.605E-02		3.220E-02		6.000E-01		3.210E-03		2.662E-04		1.003E+00		2.662E-04		1.000E+00		3.209E-03		1.003E+00		1.4142135624

		des		0.04936503		0.04013108		1.000E+00		2.216E-03		6.389E-02		3.217E-02		4.698E-01		3.633E-03		3.033E-04		1.002E+00		3.033E-04		1.000E+00		2.216E-03		1.002E+00		1.4142135624

		engine		0.0619138		5.45374		1.000E+00		2.431E-03		5.511E-02		3.218E-02		5.471E-01		2.749E-03		2.617E-04		1.002E+00		2.617E-04		1.000E+00		2.431E-03		1.002E+00		1.4142135624

		fir		0.06061196		0.1458269		1.000E+00		3.244E-03		6.269E-02		3.220E-02		7.266E-01		3.256E-03		2.976E-04		1.003E+00		2.976E-04		1.000E+00		3.244E-03		1.003E+00		1.4142135624

		g3fax		0.11287983		8.38916		1.000E+00		3.676E-03		3.763E-02		3.222E-02		3.621E-01		3.679E-03		1.787E-04		1.004E+00		1.787E-04		1.000E+00		3.676E-03		1.004E+00		1.4142135624

		jpeg		0.07126318		61.1091		1.000E+00		2.469E-03		4.972E-02		3.217E-02		4.412E-01		3.016E-03		2.360E-04		1.002E+00		2.360E-04		1.000E+00		2.469E-03		1.002E+00		1.4142135624

		pocsag		0.10168056		1.95131		1.000E+00		3.428E-03		4.025E-02		3.220E-02		3.424E-01		3.851E-03		1.912E-04		1.003E+00		1.912E-04		1.000E+00		3.428E-03		1.003E+00		1.4142135624

		qurt		0.09229459		0.01395281		1.000E+00		2.665E-03		3.517E-02		3.219E-02		3.189E-01		3.616E-03		1.670E-04		1.003E+00		1.670E-04		1.000E+00		2.665E-03		1.003E+00		1.4142135624

		ucbqsort		0.13358138		2.007707		1.000E+00		3.134E-03		2.935E-02		3.221E-02		2.976E-01		3.402E-03		1.394E-04		1.003E+00		1.394E-04		1.000E+00		3.134E-03		1.003E+00		1.4142135624

				T=200

				dist first		dist last

		adpcm		26.4		68.7

		bcnt		40.3		68.6

		blit		32.3		68.9

		compress		44.2		68.6

		crc		28.3		68.8

		des		37.5		68.7

		engine		32.0		68.7

		fir		19.4		68.8

		g3fax		45.1		68.7

		jpeg		39.5		68.7

		pocsag		46.5		68.7

		qurt		48.2		68.7

		ucbqsort		49.7		68.7





		

								DA								GA, T=100

				deltaX		deltaY		first				last				first				last				minX		maxX		minY		maxY		d

		adpcm		0.066404		0.022039		1.053E+00		8.308E-02		5.325E-02		1.083E+00		6.453E-01		8.367E-02		5.325E-02		1.083E+00		5.325E-02		1.053E+00		8.308E-02		1.083E+00		1.4142135624

		bcnt		0.097832		0.00062379		1.032E+00		7.007E-02		3.238E-02		1.070E+00		3.741E-01		1.135E-01		3.350E-02		1.070E+00		3.238E-02		1.032E+00		7.007E-02		1.070E+00		1.4142135624

		blit		0.06799915		0.156275		1.000E+00		3.999E-03		6.410E-02		3.222E-02		7.330E-01		4.055E-03		3.066E-04		1.004E+00		3.066E-04		1.000E+00		3.999E-03		1.004E+00		1.4142135624

		compress		0.133182		0.059385		1.025E+00		7.300E-02		2.491E-02		1.073E+00		2.736E-01		8.484E-02		2.491E-02		1.073E+00		2.491E-02		1.025E+00		7.300E-02		1.073E+00		1.4142135624

		crc		0.067682		0.0085226		1.059E+00		1.107E-01		5.937E-02		1.111E+00		6.336E-01		1.108E-01		5.937E-02		1.111E+00		5.937E-02		1.059E+00		1.107E-01		1.111E+00		1.4142135624

		des		0.062856		0.00120208		7.856E-01		7.397E-02		5.018E-02		1.074E+00		1.050E+00		7.399E-02		5.018E-02		1.074E+00		5.018E-02		1.050E+00		7.397E-02		1.074E+00		1.4142135624

		engine		0.058518		0.16224		1.058E+00		8.173E-02		5.831E-02		1.082E+00		6.167E-01		9.227E-02		5.901E-02		1.060E+00		5.831E-02		1.058E+00		8.173E-02		1.082E+00		1.4142135624

		fir		0.06061196		0.1458269		1.000E+00		3.244E-03		6.269E-02		3.220E-02		6.619E-01		3.568E-03		2.976E-04		1.003E+00		2.976E-04		1.000E+00		3.244E-03		1.003E+00		1.4142135624

		g3fax		0.11287983		8.38916		1.000E+00		3.676E-03		3.763E-02		3.222E-02		3.555E-01		3.679E-03		1.787E-04		1.004E+00		1.787E-04		1.000E+00		3.676E-03		1.004E+00		1.4142135624

		jpeg		0.067737		1.8151		1.052E+00		8.314E-02		5.231E-02		1.083E+00		6.995E-01		8.490E-02		5.231E-02		1.083E+00		5.231E-02		1.052E+00		8.314E-02		1.083E+00		1.4142135624

		pocsag		0.097607		0.05615		1.042E+00		1.191E-01		4.193E-02		1.119E+00		4.466E-01		1.272E-01		4.193E-02		1.119E+00		4.193E-02		1.042E+00		1.191E-01		1.119E+00		1.4142135624

		qurt		0.089064		0.00041201		1.036E+00		9.026E-02		3.645E-02		1.090E+00		4.392E-01		9.939E-02		3.645E-02		1.090E+00		3.645E-02		1.036E+00		9.026E-02		1.090E+00		1.4142135624

		ucbqsort		0.129679		0.058367		1.030E+00		1.078E-01		3.024E-02		1.108E+00		3.511E-01		1.080E-01		3.024E-02		1.108E+00		3.024E-02		1.030E+00		1.078E-01		1.108E+00		1.4142135624

				T=200

				dist first		dist last

		adpcm		28.8		0.0

		bcnt		46.6		0.1

		blit		18.9		68.9

		compress		53.1		0.0

		crc		30.1		0.0

		des		18.7		0.0

		engine		31.2		1.5

		fir		23.9		68.8

		g3fax		45.6		68.7

		jpeg		24.9		0.0

		pocsag		42.1		0.0

		qurt		42.2		0.0

		ucbqsort		48.0		0.0






