CM

Parallel Scientiαc Computing in Distributed Systems. The Paralex Approach

Lorenzo Alvisi Alessandro Amoroso �Ozalp Babao �glu Alberto Baronio Renzo Davoli Luigi Alberto Giachini

Technical Report UBLCS922 February 1992

Laboratory for Computer Science University of Bologna Piazza di Porta S▷ Donato 5 40127 Bologna ↼Italy↽

The University of Bologna Laboratory for Computer Science Research Technical Reports are available via anonymous FTP from the area ftp▷cs▷unibo▷it.◁pub◁TR◁UBLCS in compressed PostScript format▷ Abstracts are available from the same host in the directory ◁pub◁TR◁ABSTRACTS in plain text format▷ All local authors can be reached via email at the address lastname∂cs▷unibo▷it▷ UBLCS Technical Report Series 921 Mapping Parallel Computations onto Distributed Systems in Paralex by�O▷ Babao�glu L▷ Alvisi A▷ Amoroso and R▷ Davoli January 1992▷ 922 Parallel Scientiαc Computing in Distributed Systems. The Paralex Approach by L▷ Alvisi A▷ Amoroso �O▷ Babao�glu A▷ Baronio R▷ Davoli and L▷ A▷ Giachini February 1992▷ 923 Runtime Support for Dynamic Load Balancing and Debugging in Paralex by�O▷ Babao�glu L▷ Alvisi S▷ Amoroso R▷ Davoli L▷ A▷ Giachini September 1992▷ 924 Paralex. An Environment for Parallel Programming in Distributed Systems by�O▷ Babao�glu L▷ Alvisi S▷ Amoroso R▷ Davoli L▷ A▷ Giachini October 1992▷ 931 Consistent Global States of Distributed Systems. Fundamental Concepts and Mechanism by�O▷ Babao�glu and K▷ Marzullo January 1993▷ 932 Understanding NonBlocking Atomic Commitment by�O▷ Babao�glu and S▷ Toueg January 1993▷

Parallel Scientiαc Computing in Distributed Systems. The Paralex Approach 1

Lorenzo Alvisi 2 Alessandro Amoroso 3 �Ozalp Babao �glu 3 Alberto Baronio 3 Renzo Davoli 3 Luigi Alberto Giachini 3

Technical Report UBLCS922 February 1992

Abstract Modern distributed systems consisting of powerful workstations and highspeed interconnection networks are an economical alternative to specialpurpose parallel machines▷ Unfortunately current software support requires users to be experts in distributed computing in order to develop parallel applications for such systems▷ In this paper we describe the Paralex system that allows parallel scientiαc applications to be programmed and executed on distributed systems as if they were uniform multiprocessor parallel machines▷ We illustrate the main features of the system by considering the Synthetic Aperture Radar signal processing problem▷ Some preliminary performance results for the system running on a network of Sun4 workstations are also reported▷

1▷ Appeared as Invited Paper in Proceedings of the Sixth International Symposium on Computer and Information Sciences Side Antalya Turkey October 1991 pp▷ 1093δ1103▷ Partial support for this work was provided by the Commission of the European Communities under the ESPRIT Programme Basic Research Action Number 3092 ↼Predictably Dependable Computing Systems↽ and the Italian Ministry of University Research and Technology▷ 2▷ Department of Computer Science 4130 Upson Hall Cornell University Ithaca New York 14853 USA▷ 3▷ Department of Mathematics University of Bologna Piazza Porta S▷ Donato 5 40127 Bologna Italy▷

1 Introduction 1 Introduction Economical and technological developments have made workstationbased distributed com puting common place▷ It is not unusual to αnd sites with dozens if not hundreds of general purpose workstations and a collection of specialized servers▷ Given the current power of individual workstations and the increasing availability of highspeed local area interconnects such as FDDI and Autonet ♭17♯ the differences between multiprocessor parallel computers and distributed systems are diminishing▷ Thus it is tempting to try to harness the massive parallelism available in these systems for single computeintensive applications▷ There are however several obstacles that remain before networks of workstations can become Ψa poor manφs supercomputer▷ν Distributed systems differ from multiprocessor parallel computers in that they ↼i↽ exhibit no hardwaresupported synchrony ↼ii↽ communicate over relatively lowbandwidth high latency networks ↼iii↽ lack architectural and linguistic homogeneity ↼iv↽ exhibit increased probability of communication and processor failures and ↼v↽ fall under multiple adminis trative domains▷ As a consequence developing parallel programs in such systems requires expertise in faulttolerant distributed computing▷ We claim that current software technology for parallel programming in distributed systems is comparable to assembly language pro gramming for traditional sequential systems�the user must resort to lowlevel primitives to accomplish data encoding◁decoding communication remote execution synchronization failure detection and recovery▷ It is clear that effective use of distributed systems as parallel machines requires automated support for handling these complexities▷ The Paralex system being developed at the University of Bologna Italy is an instance of such a system▷ Paralex can be viewed as a Ψcompilerν that takes graphical descriptions of parallel computations and automatically produces faulttolerant distributed programs to carry them out▷ The system is a complete programming environment in that it includes a graphical editor compiler runtime support and debugger▷ The intended application domain is scientiαc computing since it is best suited to exploit the potential parallelism of distributed systems▷ The idea of viewing a collection of workstations on a network as a parallel multiprocessor is a popular one▷ There are numerous other projects that have been experimenting with different abstractions to provide on top of such a system▷ For the most part systems such as Linda ♭15♯ Amber ♭12♯ nigen⇁⇁ ♭2♯ AERO ♭3♯ and PVM ♭6♯ exist as library functions callable by applications and cannot be considered programming environments▷ On the other hand systems such as apE ♭13♯ CODE ♭10♯ FrameWorks ♭18♯ and HeNCE ♭7♯ include a graphical notation for parallel computations but no support for fault tolerance▷ In this paper we illustrate the utility of the Paralex approach by considering a signal processing application of signiαcant practical interest▷ The next section gives an overview of Paralex▷ Section 3 describes the Synthetic Aperture Radar ↼SAR↽ signal processing problem and its abstract mathematical formulation▷ Section 3▷2 considers programming SAR as a Paralex application▷ Performance results obtained by executing the program on a network of Sun4 workstations is reported in Section 4▷ Section 5 concludes the paper▷

2 Overview of Paralex Paralex consists of four logical components. A graphics editor for program speciαcation a compiler an executor and a runtime support environment▷ The αrst three components are

2 Overview of Paralex integrated within a uniform graphical programming environment▷ It is however possible to run the compiler and the executor manually so that existing Paralex programs can be compiled and executed from machines with no graphics support▷ The programming paradigm supported by Paralex is a restricted form of data βow ♭1♯▷ A Paralex program is composed of nodes and links▷ Nodes correspond to computations and the links indicate the βow of ↼typed↽ data▷ Thus Paralex programs can be thought of as directed graphs ↼and indeed are visualized as such on the screen↽ representing the data βow relations plus a collection of ordinary sequential code fragments to indicate the computations▷ The current prototype limits the structure of the data βow graph to be acyclic▷ The semantics associated with this graphical syntax obeys the socalled Ψstrict enabling ruleν of datadriven computations in the sense that when all of the links incident at a node contain values the computation associated with the node starts execution transforming the input data to an output▷ The computation to be performed by the node must satisfy the Ψfunctionalν paradigm�multiple inputs only one output with no side effects▷ The actual speciαcation of the computation may be done using whatever appropriate notation is available including standard sequential programming languages parallel programming notations ↼if the distributed system includes nodes that are themselves multiprocessors↽ executable binary code or library functions for the relevant architectures▷ Unlike classical data βow the nodes of a Paralex program carry out signiαcant compu tations▷ This socalled coarsegrain data βow model ♭5♯ is a consequence of the underlying distributed system architecture where we seek to keep the communication overhead via a highlatency lowbandwidth network to reasonable levels▷ There are many situations where the single output value produced by a node needs to be communicated to multiple destinations as input so as to create parallel computation structures▷ In Paralex this is accomplished simply by drawing multiple output links origi nating from a node towards the various destinations▷ To economize on network bandwidth Paralex introduces the notion of αlter nodes that allow data values to be extracted on a perdestination basis before they are transmitted to the next node▷ Conceptually αlters are deαned and manipulated just as regular nodes and their Ψcomputationsν are speciαed through sequential programs▷ In practice however all of the data αltering computations are executed in the context of the single process that produced the data rather than as separate processes to minimize the system overhead▷ Once the user has fully speciαed the Paralex program by drawing the data βow graph and supplying the computations to be carried out by the nodes the program can be compiled▷ The αrst pass of the Paralex compiler is actually a precompiler to generate all of the necessary stubs to wrap around the node computations to achieve data representation independence remote communication and replica management for those nodes with fault tolerance needs▷ Type checking across links is also performed in this phase▷ Currently Paralex generates all of the stub code as ordinary C▷ As the next step the C compiler is invoked to turn each node into an executable module▷ The compiler must also address the two aspects of heterogeneity. Data representation and instruction sets▷ Paralex uses the ISIS toolkit ♭98♯ as the infrastructure to realize a universal data representation▷ All data that is passed from one node to another during the computation are encapsulated as ISIS messages▷ Heterogeneity with respect to instruction sets is handled in a bruteforce manner by invoking remote compilations on the machines of interest and storing multiple executables for the nodes▷ As part of the program deαnition Paralex permits the user to specify a fault tolerance level for each node of the computation graph▷ Paralex will generate all of the necessary code such that when a node with fault tolerance k is executed it will be executed on k + 1 distinct processors such that the computation will succeed despite up to k failures▷ The failures that are tolerated are of the benign type for processors ↼i▷e▷ all processes running on the processor simply halt↽ and communication components ↼i▷e▷ messages may be lost↽▷ There is no attempt to guard against more malicious processor failures nor against failures of nonreplicated components such as an Ethernet cable▷ Paralex uses ISIS also as the infrastructure to support fault tolerance▷ For each node that requires fault tolerance Paralex creates a process group consisting of replicas for the computation▷ The type of process group formed is the ISIS coordinatorcohort where only one of the replicas ↼the coordinator↽ carries out the computation and the others ↼the cohorts↽ are invoked automatically only in case of failure of the coordinator▷ Simple data transmissions from one node to another turn into ISIS reliable broadcast communication from a coordinator to a process group representing the destination node▷ Details of how Paralex computation graphs are mapped onto the hosts of a distributed system and dynamic control of the remote execution can be found in ♭4♯▷

3 The Synthetic Aperture Radar Problem An important problem in remote sensing is the reconstruction of surface contours despite visual obstructions▷ One such problem is Synthetic Aperture Radar ↼SAR↽ ♭16♯ where an aircraft or spacecraft βying at a constant altitude bounces radar signals along the strip of terrain below and records the reβections▷ Inferring the contours of the terrain despite cloud cover speed βuctuations etc▷ requires complex processing of the resulting data▷ Recon structing these images in realtime can only be accomplished using expensive dedicated signal processing hardware ♭14♯▷ We have picked the SAR application as a test of effective parallel scientiαc computing in distributed systems▷ While it is dangerous to make generalizations based on a single application we feel that SAR represents a large application domain▷ In addition SAR is an instance of a Ψworstcaseν application for distributed systems in the sense that the computation performed in relation to the amount of data distributed is relatively low▷ Thus the effectiveness of our approach will have to be judged more by the ease of program development and less by the gains in performance▷ 3▷1 SAR as a Mathematical Problem The mathematical problem that needs to be solved in order to produce highquality images from SAR data can be characterized as time domain binary convolution▷ The input to the problem is a matrix of complex numbers corresponding to the reβection signals from the scanned strip▷ Informally the processing can than be summarized as. Fourier Transform Compute the twodimensional discrete Fourier transform of the radar signals Convolution Compute a pointbypoint product of the transformed data and a αlter matrix Inverse Fourier Transform Compute the twodimensional inverse discrete Fourier trans form of the matrix obtained from the product Normalization Compute intensity levels for the image to be visualized by normalizing the resulting data▷

3 The Synthetic Aperture Radar Problem To make the above informal description of the algorithm more precise consider the fol lowing deαnitions▷ Let N be an integer and let ⃗x = (x 0, x1, · · ·, x_N�1) be a vector of complex numbers. The discrete Fourier transform of vector ⃗x is a vector ⃗X = (X0, X1, · · ·, XN�1), whose components are de↑ned to be:

X_k = N�1X_{n=0xnexp(2πikn/N) , k = 0, 1, ▷ ▷ ▷ , N − ∞.} Given an integer N and vector ⃗X = (X0, X1, · · ·, X_N�1) of complex numbers, the inverse discrete Fourier transform of ⃗X is a vector ⃗x = (x0, x1, · · ·, xN�1), whose components are de↑ned to be:

x_n = 1 N N�1X_{k=0Xkexp(−∈πikn/N) , n = 0, 1, ▷ ▷ ▷ , N − ∞.} Let F (⃗x) denote the discrete Fourier transform of vector ⃗x and F �1( ⃗X) its inverse. The above de↑nitions extend to two dimensions as follows. Let N 1 and N2 be integers and let A = (a_{ij}) be a complex matrix of order N 1 × N2▷ The twodimensional discrete Fourier transform of A is a complex matrix B of order N1× N2 whose elements are deαned to be. b_{k,ℓ} = N1�1X m=0 N2�1X n=0 a_{m,n}exp(2πikm/N1)exp(2πiℓn/N2) k = 0, 1, ▷ ▷ ▷ , N1− ∞ ⊣\⌈ ℓ = 0, 1, ▷ ▷ ▷ , N 2− ∞. Similarly the twodimensional inverse discrete Fourier transform of a complex matrix B of order N1× N2 is a complex matrix A of order N1× N2whose elements are deαned to be.

a_{n,m} = 1 N1N2 N1�1X k=0 N2�1X ℓ=0 b_{k,ℓ}exp(−∈πink/N1)exp(−∈πimℓ/N2)

n = 0, 1, ▷ ▷ ▷ , N1− ∞ ⊣\⌈ m = 0, 1, ▷ ▷ ▷ , N 2− ∞. By observing the deαnition of the twodimensional transform we note that it can be realized as a series of onedimensional transforms▷ We αrst compute N1 onedimensional transforms of order N2corresponding to the rows of matrix A and then N2onedimensional transforms of order N1 corresponding to the columns of the resulting matrix▷ Clearly one can also switch the order and transform αrst by column and then by row▷ Let A_{k,}� and A�_{,ℓ} denote the kth row and ℓth column of matrix A respectively▷ With slight abuse of notation we can express the twodimensional discrete Fourier transform of matrix A as F ((F (A_{k,}�))�_{,ℓ}) , k = 0, 1, ▷ ▷ ▷ , N1− ∞ ⊣\⌈ ℓ = 0, 1, ▷ ▷ ▷ , N 2− ∞. The same observation can be made about the inverse twodimensional transform result ing in the following expression

3 The Synthetic Aperture Radar Problem

F�1_{((}F�1_(B_{m,}�_{))} �,n^) , m^{= 0}, 1, ▷ ▷ ▷ , N1− ∞ ⊣\⌈ n^{= 0}, 1, ▷ ▷ ▷ , N 2− ∞. Filtering of the radar signal is accomplished by the binary convolution operation in the time domain▷ Given two complex matrixes A = (a_{m,n}) and B = (b_{m,n}) both of order N 1×N2 the binary convolution of A and B written A ⊗ B results in a complex matrix C whose elements are c_{m,n} = a_{m,n} · b_{m,n} , m = 0, 1, ▷ ▷ ▷ , N1− ∞ ⊣\⌈ n = 0, 1, ▷ ▷ ▷ , N 2− ∞. Finally we deαne the normalization operation▷ Given a complex number c let ℜc and ℑc denote its real and imaginary components respectively▷ The normalization of a complex matrix C of order N1× N2 written N (C), is a real matrix R = r_{k,ℓ} such that

r_{k,ℓ} = q_{(ℜck,ℓ)2 + (ℑck,ℓ)2 − min} max − min k = 0, 1, ▷ ▷ ▷ , N1− ∞ ⊣\⌈ ℓ = 0, 1, ▷ ▷ ▷ , N 2− ∞ ⊒⟨⌉∇⌉ min and max are the minimum and maximum values respectively of the norm q_{(ℜcm,n)2 + (ℑcm,n)2 over all elements of C▷ The operation is deαned only for matrixes} where min ≠ max which will be the case for non trivial images▷ The signal processing computation of SAR can be summarized as follows▷ Given a radar signal matrix Radar and αlter matrix F ilter both of order N1 × N2 visualize the image corresponding to the pixel intensities of the matrix N (F�1((F�1(F ((F (Radar_{k,}�))�_{,ℓ} ⊗ F ilter)_{k,}�)�_{,ℓ}))) 3.2 SAR Implementation in Paralex The SAR computation described in the previous section can be easily implemented in Paralex since it ↑ts naturally into the data↓ow or functional programming paradigm. Furthermore, each of the computational stages can be easily parallelized up to the smaller dimension of the input matrix by simply partitioning the input data. The only exception to this is the ↑nal normalization step that requires a global minimum and maximum to be computed over the entire matrix.

We have implemented the SAR algorithm in Paralex using a standard sequential realization of the Fast Fourier Transform (FFT) [11] code as the basic building block. The resulting computation graph for the 8-way parallel version is shown in Figure 1. For our experiments, the input radar signal matrix is an N ×N square where N is a power of two▷ The problem can be parallelized to any other dimension that is a power of two up to N by simply modifying the width of the graph▷ Note that for a given N there will be a degree of parallelism be yond which the data communication costs will far outweigh the advantages in computation speedup▷ We now brieβy describe the computation performed by each stage of the graph in Figure 1 and explain the data communication patterns▷

Figure 1▷ Paralex Computation Graph for the SAR Algorithm▷

start The node labeled start reads in the N × N matrix corresponding to the input radar signal▷ It then broadcasts the matrix to the next level in the computation▷ As part of the broadcast each αlter ↼indicated as a small bubble attached to the computation node↽ extracts an N ×^N_8 strip of the original matrix▷ Thus the data is partitioned among the 8 concurrent nodes of the next level▷ c fft{′∘} E⊣⌋⟨ ≀{ ⊔⟨⌉∫⌉ \≀⌈⌉∫ ⌋≀⇕√⊓⊔⌉∫ N8 FFTφs of order N corresponding to the columns of the submatrix received▷ The result is broadcast to the next stage▷ The αlters again extract elements such that each destination receives only an^N_8 ×^N_8 submatrix▷ r pr r{′∘} T⟨⌉ ∀ ⟩\⌋≀⇕⟩\} N8 × N8 submatrixes are composed to form N8 × N strips on which FFTφs are performed▷ Each node also reads in an^N_8 × N strip of the αlter matrix and performs the binary convolution▷ Finally^N_8 inverse transforms are computed corresponding to the rows of the resulting matrix▷ The result is broadcast to the next level▷ The αlters extract elements to form N8 × N8 partitions▷ c ifft{′∘} T⟨⌉ ∀ ⟩\⌋≀⇕⟩\} N8 × N8 submatrixes are composed to form N × N8 strips on which inverse transforms are performed corresponding to the columns of the result ing matrix▷ Each element a k,ℓ of the submatrix is replaced by its norm given by

4 Performance Results

Input Dimension Parallelism 64×△̸ ∞∈∀×∞∈∀ ∈▽×̸∈▽ ̸▽∞∈×▽∞∈ S⌉∐⊓⌉\⊔⟩⊣↕ ∞↙∋∋ ▽↙△̸ ∈△↙′▽ ∞′△↙∀▽ △↖⊒⊣† ∞↙▽̸ ∋↙∃∀ ∞↙̸▽′ ▽△↙▽∀ ∀↖⊒⊣† ∞↙▽▽ ∈↙∀∀ ∀↙∀∃ ∋△↙△′ ∀↖⊒⊣†⇔ √⟩√⌉↕⟩\⌉ ∞↙∈ ̸∋↙∈′ ∀↙△∃ ∞∋↙△∈ T⊣⌊↕⌉ ∞↙ SAR E§⌉⌋⊓⊔⟩≀\ T⟩⇕⌉∫ ⟩\ S⌉⌋≀\⌈∫ q_{(ℜak,ℓ)2 + (ℑak,ℓ)2. The resulting submatrix along with the local minimum and}

maximum values are sent to the ↑nal level.

join The node computes the ↑nal normalized matrix by computing the global minimum and maximum from the 8 local values and performing the necessary arithmetic. The resulting matrix of reals is written to a ↑le.

4 Performance Results

The Paralex program described in Section 3.2 was compiled and run on a network of Sun-4 (SparcStation) workstations. Experiments were performed to compare the performance of the 4 and 8-way parallel implementations of SAR with that of a sequential version. Input data sizes ranged from 64 × △̸ ⊔≀ ▽∞∈ × ▽∞∈ ⇕⊣⊔∇⟩§⌉∫↙ N≀⊔⌉ ⊔⟨⊣⊔ ⟩\ ⊔⟨⌉ ⌋⊣∫⌉ ≀{ ⊣ ▽∞∈ × ▽∞∈ ⟩⇕⊣}⌉⇔ ⊔⟨⌉ ⟩\√⊓⊔ ⌈⊣⊔⊣ ⇐∇⊣⌈⊣∇ ∫⟩}\⊣↕ ⊣\⌈ ⊘↕⊔⌉∇ ⇕⊣⊔∇⟩§⌉∫⇒ ⊣⇕≀⊓\⊔ ⊔≀ ⇕≀∇⌉ ⊔⟨⊣\ △ M⌉}⊣⌊†⊔⌉∫ ⇐∀ ⌊†⊔⌉∫ √⌉∇ ⌋≀⇕√↕⌉§ \⊓⇕⌊⌉∇⇒↙ T⟨⟩∫ ∇⌉√∇⌉∫⌉\⊔∫ ⊣ ∫⊔∇⌉∫∫ ⌋⊣∫⌉ {≀∇ ⇕≀∫⊔ ≀{ ⊔⟨⌉ ∇⌉∫≀⊓∇⌋⌉∫ {≀⊓\⌈ ⟩\ ⊔⟨⌉ ∫†∫⊔⌉⇕�⇕⌉⇕≀∇†⇔ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\ ⌊⊣\⌈⊒⟩⌈⊔⟨�⊣∫ ⊒⌉↕↕ ⊣∫ ⊔⟨⌉ ∫⊓√√≀∇⊔ ↕⊣†⌉∇ ⌋≀\∫⟩∫⊔⟩\} ≀{ ISIS↙ T≀ ⇕⊣√ ⊔⟨⌉ ⌋≀⇕√⊓⊔⊣⊔⟩≀\ ≀\⊔≀ ⊔⟨⌉ ⊒≀∇‖∫⊔⊣⊔⟩≀\∫⇔ ⊔⟨⌉ \≀⌈⌉∫ ≀{ ⊔⟨⌉ }∇⊣√⟨ ⟩\ F⟩}⊓∇⌉ ∞ ⊒⌉∇⌉ }∇≀⊓√⌉⌈ ⟩\⊔≀ ⌋⟨⊣⟩\∫ ∫⊓⌋⟨ ⊔⟨⊣⊔ ⌋⟨⊣⟩\ i consisted of nodes {c fft_i, r pr r_i, c ifft_i}↙ N≀⌈⌉∫ start and join were added to chain 0▷ Since a chain represents strict sequential data dependency each chain was mapped to a single processor▷ Every node of the computation was run as a separate Unix process each with the ISIS libraries loaded as runtime support▷ All experiments were performed without any fault tolerance so there were no replicas to map▷ Table 1 summarizes the results▷ Reported numbers are elapsed real times in seconds▷ The case Sequential corresponds to an implementation of SAR as a single process ↼with no ISIS support for distribution or fault tolerance↽ and run on a single SparcStation 1▷ In the case of the parallel versions chain 0 was mapped to a SparcStation 2 while all other chains were mapped to SparcStation 1φs▷ The reason for this being that chain 0 which contains 5 nodes resulted in thrashing due to lack of memory on the SparcStation 1φs with only 8 Megabytes of memory▷ The SparcStation 2 having 16 Megabytes of memory was better suited▷ While this lack of homogeneity makes the parallel and sequential results more difαcult to compare the results are still meaningful▷ Given the strict enabling semantics of the dataβow graphs of Paralex a computation cannot be any faster than the slowest sequential path▷ Consequently the fact that nodes {c fft 0, r pr r0, c ifft0} ∇⊓\ ≀\ ⊣ {⊣∫⊔⌉∇ ⇕⊣⌋⟨⟩\⌉ ⌋⊣\\≀⊔ UBLCS↖∃∈↖∈ ∀

▽ C≀\⌋↕⊓∫⟩≀\∫ ⊣{{⌉⌋⊔ ⊔⟨⌉ ≀⊑⌉∇⊣↕↕ ⌉§⌉⌋⊓⊔⟩≀\ ⊔⟩⇕⌉ ∫⟩\⌋⌉ ⊔⟨⌉ ⊘\⊣↕ \≀⌈⌉ ⇐|≀⟩\⇒ ⊒⟩↕↕ ⟨⊣⊑⌉ ⊔≀ ⊒⊣⟩⊔ {≀∇ ∇⌉∫⊓↕⊔∫ ≀{ ⊔⟨⌉ ≀⊔⟨⌉∇ √⊣∇⊣↕↕⌉↕ ⌋⟨⊣⟩\∫ ⇐∇⊓\\⟩\} ≀\ ∫↕≀⊒⌉∇ ⇕⊣⌋⟨⟩\⌉∫⇒↙ T⟨⌉ ≀\↕† ∫≀⊓∇⌋⌉ ≀{ ⟩\⌋≀⇕√⊣⊔⟩⌊⟩↕⟩⊔† ≀{ ⊔⟨⌉ ∇⌉∫⊓↕⊔∫ ⟩∫ ⌈⊓⌉ ⊔≀ \≀⌈⌉∫ ∫⊔⊣∇⊔ ⊣\⌈ |≀⟩\ ⌊⌉⟩\} ⌉§⌉⌋⊓⊔⌉⌈ {⊣∫⊔⌉∇↙ N≀⊔⌉⇔ ⟨≀⊒⌉⊑⌉∇⇔ ⊔⟨⊣⊔ ⊔⟨⌉∫⌉ \≀⌈⌉∫ √⌉∇{≀∇⇕ ⇕⟩\⟩⇕⊣↕ ⌋≀⇕√⊓⊔⊣⊔⟩≀\∫↙ T⟨⌉ ∇⌉∫⊓↕⊔∫ ⌋≀\⊘∇⇕ ≀⊓∇ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫�⊔⟨⌉ ↕⊣∇}⌉∇ ⊔⟨⌉ ⌈⊣⊔⊣ ∫⟩‡⌉⇔ ⊔⟨⌉ ⇕≀∇⌉ ∫⟩}\⟩⊘⌋⊣\⊔ ⊔⟨⌉ ∫√⌉⌉⌈⊓√↙ I\ ⊔⟨⌉ ⌋⊣∫⌉ ≀{ ∫⇕⊣↕↕ ⟩\√⊓⊔ ∫⟩‡⌉∫⇔ ⟩⊔ ⟨⊣∇⌈↕† √⊣†∫ ⊔≀ √⊣∇⊣↕↕⌉↕⟩‡⌉↙ ⇐I\ {⊣⌋⊔⇔ {≀∇ ⊔⟨⌉ △̸ × △̸ ⌋⊣∫⌉⇔ ⊔⟨⌉ √⊣∇⊣↕↕⌉↕ ⊑⌉∇∫⟩≀\∫ √⌉∇{≀∇⇕ ⊒≀∇∫⌉ ⊔⟨⊣\ ∫⌉∐⊓⌉\⊔⟩⊣↕↙⇒ T⟨⌉ ≀⊑⌉∇⟨⌉⊣⌈ ≀{ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\ ⊣\⌈ √∇≀⌋⌉∫∫ ⇕⊣\⊣}⌉⇕⌉\⊔ ≀⊓⊔⊒⌉⟩}⟨ ⊔⟨⌉ }⊣⟩\ ⟩\ √∇≀⌋⌉∫∫⟩\} ⇐⊒⟨⟩⌋⟨ ⟩∫ ⇕⟩\⟩⇕⊣↕ {≀∇ ⊔⟨⌉∫⌉ ⌈⟩⇕⌉\∫⟩≀\∫⇒↙ T⟨⌉ ⊘\⊣↕ ∇≀⊒ ≀{ ⊔⟨⌉ ⊔⊣⌊↕⌉ ∇⌉√∇⌉∫⌉\⊔∫ ⌉§⌉⌋⊓⊔⟩≀\ ⊔⟩⇕⌉∫ ⊔⟨⊣⊔ ⊣∇⌉ ⊣⊑⌉∇⊣}⌉∫ ≀⊑⌉∇ ∞′ ⌋≀\∫⌉⌋⊓⊔⟩⊑⌉ ⌉§⌉⌋⊓⊔⟩≀\∫ ≀{ ⊔⟨⌉ ⌋≀⇕√⊓⊔⊣⊔⟩≀\ }∇⊣√⟨↙ I\ ⊔⟨⌉∫⌉ √⟩√⌉↕⟩\⌉⌈ ⌉§⌉⌋⊓⊔⟩≀\∫ ⟩⊔ ⟩∫ √≀∫∫⟩⌊↕⌉ ⊔≀ }⌉⊔ √⊣∇⊣↕↕⌉↕⟩∫⇕ \≀⊔ ≀\↕† ⊣⌋∇≀∫∫ ⊔⟨⌉ ⊒⟩⌈⊔⟨ ≀{ ⊔⟨⌉ ⌋≀⇕√⊓⊔⊣⊔⟩≀\ }∇⊣√⟨ ⌊⊓⊔ ⊣↕∫≀ ⊣↕≀\} ⊔⟨⌉ ⊑⌉∇⊔⟩⌋⊣↕ ⌈⟩⇕⌉\∫⟩≀\ ∫⟩\⌋⌉ √∇≀⌋⌉∫∫≀∇∫ ⌋≀⊓↕⌈ ⌊⌉ ⊒≀∇‖⟩\} ⟩\ √⊣∇⊣↕↕⌉↕ ≀\ ⌈⟩{{⌉∇⌉\⊔ ⟩\∫⊔⊣\⌋⌉∫ ≀{ ⟩\√⊓⊔ ⌈⊣⊔⊣↙ T⟨⌉ ≀⌊∫⌉∇⊑⌉⌈ ∫√⌉⌉⌈⊓√ {≀∇ ↕⊣∇}⌉ ⌈⊣⊔⊣ ∫⟩‡⌉∫ ⟩\⌈⌉⌉⌈ ⌋≀\⊘∇⇕∫ ⊔⟨⟩∫ ⌉§√⌉⌋⊔⊣⊔⟩≀\↙

▽ C≀\⌋↕⊓∫⟩≀\∫ T⟨⌉ ⇕⊣⟩\ ⌋≀\⌋↕⊓∫⟩≀\∫ ⊔≀ ⌊⌉ ⌈∇⊣⊒\ {∇≀⇕ ⊔⟨⌉ ⌉§√⌉∇⟩⇕⌉\⊔ ∇⌉√≀∇⊔⌉⌈ ⊣∇⌉ ⊣∫ {≀↕↕≀⊒∫¬ ⇐⟩⇒ D⟩∫↖ ⊔∇⟩⌊⊓⊔⌉⌈ ∫†∫⊔⌉⇕∫ ⌋⊣\ {≀∇⇕ ⊔⟨⌉ ⌊⊣∫⟩∫ {≀∇ ⌉{{⌉⌋⊔⟩⊑⌉ √⊣∇⊣↕↕⌉↕ ⌋≀⇕√⊓⊔⟩\}⇔ ⇐⟩⟩⇒ M⊓⌋⟨ ≀{ ⊔⟨⌉ ⌋≀⇕↖ √↕⌉§⟩⊔† ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ √⊣∇⊣↕↕⌉↕ ⌋≀⇕√⊓⊔⟩\} ⟩\ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ∫†∫⊔⌉⇕∫ ⌋⊣\ ⌊⌉ ⟨⟩⌈⌈⌉\ {∇≀⇕ ⊔⟨⌉ ⊓∫⌉∇ ⊔⟨∇≀⊓}⟨ ⊣√√∇≀√∇⟩⊣⊔⌉ ∫⊓√√≀∇⊔ ∫≀{⊔⊒⊣∇⌉⇔ ⇐⟩⟩⟩⇒ G∇⊣√⟨⟩⌋⊣↕ ↕⊣\}⊓⊣}⌉∫ ⊣\⌈ ⊓∫⌉∇ ⟩\⊔⌉∇{⊣⌋⌉∫ √∇≀⊑⟩⌈⌉ ⊣ \⊣⊔⊓∇⊣↕ ⊒⊣† ⊔≀ ⌉§√∇⌉∫∫ √⊣∇⊣↕↕⌉↕ ⌋≀⇕√⊓⊔⊣⊔⟩≀\∫ ⊣∇⟩∫⟩\} {∇≀⇕ ∫⌋⟩⌉\⊔⟩⊘⌋ ⊣√√↕⟩⌋⊣⊔⟩≀\∫↙ D⌉⊑⌉↕≀√⟩\} ⊔⟨⌉ √⊣∇⊣↕↕⌉↕ SAR ⊣√√↕⟩⌋⊣⊔⟩≀\ ⟩\ P⊣∇⊣↕⌉§ ∫⊓√√≀∇⊔∫ ⊔⟨⌉∫⌉ ⌋≀\⌋↕⊓∫⟩≀\∫↙ T⟨⌉ √⊣∇⊣↕↕⌉↕ √∇≀}∇⊣⇕ ⊒⊣∫ √∇≀⌈⊓⌋⌉⌈ ⟩\ ⊣ ⊑⌉∇† ∫⟨≀∇⊔ ⊣⇕≀⊓\⊔ ≀{ ⊔⟩⇕⌉ ⊒⟩⊔⟨≀⊓⊔ ⟨⊣⊑⟩\} ⊔≀ ⊒∇⟩⊔⌉ ↕⊣∇}⌉ ⊣⇕≀⊓\⊔∫ ≀{ ⌋≀⌈⌉↙ T⟨⌉ ⟨⌉⊣∇⊔ ≀{ ⊔⟨⌉ ⌋≀⇕√⊓⊔⊣⊔⟩≀\ ⇐FFT⇒ ⊒⊣∫ ≀⌊⊔⊣⟩\⌉⌈ {∇≀⇕ ⊣ ⇕⊣⊔⟨⌉⇕⊣⊔⟩⌋⊣↕ ↕⟩⌊∇⊣∇† ⊣\⌈ ∫⟩⇕√↕† ∇⌉⊓∫⌉⌈ ⟩\ ⊔⟨⌉ ⊑⊣∇⟩≀⊓∫ ∫⊔⊣}⌉∫↙ T⟨⌉ \⌉⊒ ⌋≀⌈⌉ ⊔⟨⊣⊔ ⟨⊣⌈ ⊔≀ ⌊⌉ ⌈⌉⊑⌉↕≀√⌉⌈ ⌋≀⇕√↕⌉⊔⌉⌈ ⊔⟨⌉ ∇⌉∫⊔ ≀{ ⊔⟨⌉ ⌋≀⇕√⊓⊔⊣⊔⟩≀\ ⇐⌈⊣⊔⊣ ⌉§⊔∇⊣⌋⊔⟩≀\⇔ ⌋≀⇕√≀∫⟩⊔⟩≀\⇔ ⌊⟩\⊣∇† ⌋≀\⊑≀↕⊓⊔⟩≀\ ⊣\⌈ \≀∇⇕⊣↕⟩‡⊣⊔⟩≀\⇒↙ F⊓∇⊔⟨⌉∇⇕≀∇⌉⇔ ⊣↕↕ ≀{ ⊔⟨⌉ ⌋≀⌈⌉ ⊔⟨⊣⊔ ⟨⊣⌈ ⊔≀ ⌊⌉ ⌈⌉⊑⌉↕≀√⌉⌈ ⌊† ⊔⟨⌉ ⊓∫⌉∇ ⊒⊣∫ ≀∇⌈⟩\⊣∇†⇔ ∫⌉∐⊓⌉\⊔⟩⊣↕ ⌋≀⌈⌉ ⊔⟨⊣⊔ ⊣⌋⌋≀⇕√↕⟩∫⟨⌉⌈ ⊒⌉↕↕↖⌈⌉⊘\⌉⌈ ⌈⊣⊔⊣ ⊔∇⊣\∫{≀∇⇕⊣⊔⟩≀\∫↙ T⟨⊓∫⇔ ⌈⌉⌊⊓}}⟩\} ⊔⟨⌉ √⊣∇⊣↕↕⌉↕ √∇≀}∇⊣⇕ ⌋≀⊓↕⌈ ⌊⌉ ⊣⌋⌋≀⇕√↕⟩∫⟨⌉⌈ ⌊† ⊓∫⟩\} ⊔∇⊣⌈⟩⊔⟩≀\⊣↕ ∫⌉∐⊓⌉\⊔⟩⊣↕ ⌈⌉⌊⊓}}⟩\} ⊔⌉⌋⟨\⟩∐⊓⌉∫ ≀\ ⊔⟨⌉ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ √⟩⌉⌋⌉∫ ≀{ ⊔⟨⌉ ⌋≀⇕√⊓⊔⊣⊔⟩≀\↙ A↕↕ ≀{ ⊔⟨⌉ ⟨⊣∇⌈ ⊒≀∇‖ ≀{ √∇≀⌈⊓⌋⟩\} \⌉⊔⊒≀∇‖↖↕⌉⊑⌉↕ ⌋≀⌈⌉ ⊒⊣∫ √⌉∇{≀∇⇕⌉⌈ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕† ⌊† P⊣∇⊣↕⌉§ ⟩⊔∫⌉↕{↙ A\† ∫†∫⊔⌉⇕ ⊔⟨⊣⊔ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕† ∫⊓√√≀∇⊔∫ ⟨⟩}⟨⌉∇ ↕⌉⊑⌉↕∫ ≀{ ⊣⌊∫⊔∇⊣⌋⊔⟩≀\ ⇕⊓∫⊔ ⟩\⌋⊓∇ ⊣ ⌋≀∫⊔↙ I\ ⊔⟨⌉ ⌋⊣∫⌉ ≀{ P⊣∇⊣↕⌉§⇔ ⊔⟨⌉ √∇⟩⌋⌉ ⊔≀ √⊣† {≀∇ ⊣⊓⊔≀⇕⊣⊔⟩⌋ ∫⊓√√≀∇⊔ ≀{ ⌈⊣⊔⊣ ⌉\⌋≀⌈⟩\}∝⌈⌉⌋≀⌈⟩\}⇔ ⌋≀⇕↖ ⇕⊓\⟩⌋⊣⊔⟩≀\⇔ ∇⌉⇕≀⊔⌉ ⌉§⌉⌋⊓⊔⟩≀\ ⊣\⌈ {⊣⊓↕⊔ ⊔≀↕⌉∇⊣\⌋⌉ ⟩∫ √⌉∇{≀∇⇕⊣\⌋⌉↙ T⟨⌉ ∫⟩⊔⊓⊣⊔⟩≀\ ⟩∫ ⊣\⊣↕≀}≀⊓∫ ⊔≀ √∇≀}∇⊣⇕⇕⟩\} ⟩\ ⊣∫∫⌉⇕⌊↕† ↕⊣\}⊓⊣}⌉ ⊔≀ ∫⊣⊑⌉ ⊔⟩⇕⌉ ⊣\⌈ ∫√⊣⌋⌉↙ I⊔ ⟩∫ ⊒⟩⌈⌉↕† ⊣}∇⌉⌉⌈ ⊔⟨⊣⊔ ⊔⟨⌉ ⊣⌈⊑⊣\⊔⊣}⌉∫ ≀{ ⟨⟩}⟨↖↕⌉⊑⌉↕ ↕⊣\}⊓⊣}⌉ √∇≀}∇⊣⇕⇕⟩\} {⊣∇ ≀⊓⊔⊒⌉⟩}⟨ ⊔⟨⌉ √⌉∇{≀∇⇕⊣⌋⌉ √⌉\⊣↕⊔⟩⌉∫↙ I\ ≀⊓∇ ⌋⊣∫⌉⇔ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ √⌉\⊣↕⊔⟩⌉∫ ⊣∇⌉ }∇⌉⊣⊔⌉∇ ⊔⟨⊣\ ⊔⟨⌉† ≀⊓}⟨⊔ ⊔≀ ⌊⌉ ∫⟩\⌋⌉ ⊒⌉ ⟩\⌋⊓∇ ⊣↕↕ ≀{ ⊔⟨⌉ ⌋≀∫⊔∫ ≀{ ISIS {≀∇ ⊔⟨⌉ ↕⟩⇕⟩⊔⌉⌈ ⊓∫⌉ ⊒⌉ ⇕⊣‖⌉ ≀{ ⟩⊔↙ F⊓⊔⊓∇⌉ ⊑⌉∇∫⟩≀\∫ ≀{ P⊣∇⊣↕⌉§ ⇕⊣† ⌈≀ ⊣⊒⊣† ⊒⟩⊔⟨ ISIS ⌉\⊔⟩∇⌉↕† ⊣\⌈ ⟩⇕√↕⌉⇕⌉\⊔ ↕⟩}⟨⊔↖⊒⌉⟩}⟨⊔ ⇕⌉⌋⟨⊣\⟩∫⇕∫ \⌉⌉⌈⌉⌈ ⊔≀ ∫⊓√√≀∇⊔ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ⊣\⌈ {⊣⊓↕⊔ ⊔≀↕⌉∇⊣\⌋⌉ ⟩\⊔⌉∇\⊣↕↕†↙

R⌉{⌉∇⌉\⌋⌉∫ ∪∞⊎ W↙ B↙ A⌋‖⌉∇⇕⊣\↙ D⊣⊔⊣ F↕≀⊒ L⊣\}⊓⊣}⌉∫↙ IEEE C≀⇕√⊓⊔⌉∇⇔ F⌉⌊∇⊓⊣∇† ∞∃∀∈⇔ √√↙ ∞▽∘∈∈↙ ∪∈⊎ R↙ A\⊣\⌈⇔ D↙ L⌉⊣ ⊣\⌈ D↙ W↙ F≀∇∫↕⊓\⌈↙ U∫⟩\} \⟩}⌉\⇓⇓↙ T⌉⌋⟨\⟩⌋⊣↕ R⌉√≀∇⊔⇔ S⌋⟨≀≀↕ ≀{ C≀⇕√⊓⊔⌉∇ ⊣\⌈ I\{≀∇⇕⊣⊔⟩≀\ S⌋⟩⌉\⌋⌉⇔ S†∇⊣⌋⊓∫⌉ U\⟩⊑⌉∇∫⟩⊔†⇔ J⊣\⊓⊣∇† ∞∃∃∞↙ UBLCS↖∃∈↖∈ ∃

REFERENCES ∪∋⊎ D↙ P↙ A\⌈⌉∇∫≀\↙ T⟨⌉ AERO P∇≀}∇⊣⇕⇕⌉∇≃∫ M⊣\⊓⊣↕↙ T⌉⌋⟨\⟩⌋⊣↕ R⌉√≀∇⊔⇔ CS D⟩⊑⟩∫⟩≀\⇔ EECS D⌉√⊣∇⊔⇕⌉\⊔⇔ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣⇔ B⌉∇‖⌉↕⌉†⇔ O⌋⊔≀⌊⌉∇ ∞∃∃′↙ ∪△⊎ �O↙ B⊣⌊⊣≀�}↕⊓⇔ L↙ A↕⊑⟩∫⟩⇔ A↙ A⇕≀∇≀∫≀ ⊣\⌈ R↙ D⊣⊑≀↕⟩↙ M⊣√√⟩\} P⊣∇⊣↕↕⌉↕ C≀⇕√⊓⊔⊣⊔⟩≀\∫ ≀\⊔≀ D⟩∫⊔∇⟩⌊⊓⊔⌉⌈ S†∫⊔⌉⇕∫ ⟩\ P⊣∇⊣↕⌉§↙ I\ P∇≀⌋↙ IEEE C≀⇕√E⊓∇≀ ≃∃∞⇔ B≀↕≀}\⊣⇔ I⊔⊣↕†⇔ M⊣† ∞∃∃∞↙ ∪▽⊎ R↙ G↙ B⊣⌊⌊↙ P⊣∇⊣↕↕⌉↕ P∇≀⌋⌉∫∫⟩\} ⊒⟩⊔⟨ L⊣∇}⌉↖G∇⊣⟩\ D⊣⊔⊣ F↕≀⊒ T⌉⌋⟨\⟩∐⊓⌉∫↙ IEEE C≀⇕√⊓⊔⌉∇⇔ J⊓↕† ∞∃∀△⇔ √√↙ ▽▽∘∞̸↙ ∪⊎̸ A↙ B⌉}⊓⌉↕⟩\⇔ J↙ J↙ D≀\}⊣∇∇⊣ ⇔ G↙ A↙ G⌉⟩∫⊔⇔ R↙ M⊣\⌋⟨⌉‖ ⊣\⌈ V↙ S↙ S⊓\⌈⌉∇⊣⇕↙ A U∫⌉∇∫≃ G⊓⟩⌈⌉ ⊔≀ PVM P⊣∇⊣↕↕⌉↕ V⟩∇⊔⊓⊣↕ M⊣⌋⟨⟩\⌉↙ T⌉⌋⟨\⟩⌋⊣↕ R⌉√≀∇⊔ ORNL∝TM↖∞∞∀∈⇎ O⊣‖ R⟩⌈}⌉ N⊣⊔⟩≀\⊣↕ L⊣⌊≀∇⊣⊔≀∇†⇔ J⊓↕†⇔ ∞∃∃∞↙ ∪⊎ A↙ B⌉}⊓⌉↕⟩\⇔ J↙ J↙ D≀\}⊣∇∇⊣ ⇔ G↙ A↙ G⌉⟩∫⊔⇔ R↙ M⊣\⌋⟨⌉‖ ⊣\⌈ V↙ S↙ S⊓\⌈⌉∇⊣⇕↙ G∇⊣√⟨⟩⌋⊣↕ D⌉⊑⌉↕≀√⇕⌉\⊔ T≀≀↕∫ {≀∇ N⌉⊔⊒≀∇‖↖B⊣∫⌉⌈ C≀\⌋⊓∇∇⌉\⊔ S⊓√⌉∇⌋≀⇕√⊓⊔⟩\}↙ I\ P∇≀⌋↙ S⊓√⌉∇⌋≀⇕↖ √⊓⊔⟩\} ≃∃∞⇔ A↕⌊⊓∐⊓⌉∇∐⊓⌉⇔ N⌉⊒ M⌉§⟩⌋≀⇔ N≀⊑⌉⇕⌊⌉∇ ∞∀↖∈∈⇔ ∞∃∃∞↙ ∪∀⊎ K↙ B⟩∇⇕⊣\ ⊣\⌈ K↙ M⊣∇‡⊓↕↕≀↙ ISIS ⊣\⌈ ⊔⟨⌉ META P∇≀|⌉⌋⊔↙ S⊓\ T⌉⌋⟨\≀↕≀}†⇔ ⊑≀↕↙ ∈⇔ \≀↙ ∋ ⇐S⊓⇕⇕⌉∇ ∞∃∀∃⇒⇔ √√↙ ∃′∘∞′△↙ ∪∃⊎ K↙ B⟩∇⇕⊣\⇔ R↙ C≀≀√⌉∇⇔ T↙ J≀∫⌉√⟨⇔ K↙ M⊣∇‡⊓↕↕≀⇔ M↙ M⊣‖√⊣\}≀⊓⇔ K↙ K⊣\⌉⇔ F↙ S⌋⟨⇕⊓⌋‖ ⊣\⌈ M↙ W≀≀⌈↙ T⟨⌉ ISIS S†∫⊔⌉⇕ M⊣\⊓⊣↕⇔ V⌉∇∫⟩≀\ ∈↙∞↙ D⌉√⊣∇⊔⇕⌉\⊔ ≀{ C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉⇔ C≀∇\⌉↕↕ U\⟩⊑⌉∇∫⟩⊔†⇔ I⊔⟨⊣⌋⊣⇔ N⌉⊒ Y≀∇‖⇔ S⌉√⊔⌉⇕⌊⌉∇ ∞∃∃′↙ ∪∞′⊎ J↙ C↙ B∇≀⊒\⌉⇔ M↙ A‡⊣⇕ ⊣\⌈ S↙ S≀⌊⌉‖↙ CODE¬ A U\⟩⊘⌉⌈ A√√∇≀⊣⌋⟨ ⊔≀ P⊣∇⊣↕↕⌉↕ P∇≀}∇⊣⇕↖ ⇕⟩\}↙ IEEE S≀{⊔⊒⊣∇⌉⇔ J⊓↕† ∞∃∀∃⇔ √√↙ ∞′∘∞∀↙ ∪∞∞⊎ J↙ W↙ C≀≀↕⌉† ⊣\⌈ J↙ W↙ T⊓‖⌉†↙ A\ A↕}≀∇⟩⊔⟨⇕ {≀∇ ⊔⟨⌉ M⊣⌋⟨⟩\⌉ C⊣↕⌋⊓↕⊣⊔⟩≀\ ≀{ C≀⇕√↕⌉§ F≀⊓∇⟩⌉∇ S⌉∇⟩⌉∫↙ M⊣⊔⟨⌉⇕⊣⊔⟩⌋∫ ≀{ C≀⇕√⊓⊔⊣⊔⟩≀\⇔ ⊑≀↕↙ ∞∃⇔ ∞∃▽̸↙ ∪∞∈⊎ J↙ S↙ C⟨⊣∫⌉⇔ F↙ G↙ A⇕⊣⌈≀∇⇔ E↙ D↙ L⊣‡≀⊒∫‖⊣⇔ H↙ M↙ L⌉⊑† ⊣\⌈ R↙ J↙ L⟩⊔⊔↕⌉⊘⌉↕⌈↙ T⟨⌉ A⇕⌊⌉∇ S†∫⊔⌉⇕¬ P⊣∇⊣↕↕⌉↕ P∇≀}∇⊣⇕⇕⟩\} ≀\ ⊣ N⌉⊔⊒≀∇‖ ≀{ M⊓↕⊔⟩√∇≀⌋⌉∫∫≀∇∫↙ I\ P∇≀⌋↙ ACM S†⇕↖ √≀∫⟩⊓⇕ ≀\ O√⌉∇⊣⊔⟩\} S†∫⊔⌉⇕∫ P∇⟩\⌋⟩√↕⌉∫⇔ L⟩⊔⌋⟨⊘⌉↕⌈ P⊣∇‖⇔ A∇⟩‡≀\⊣⇔ D⌉⌋⌉⇕⌊⌉∇ ∞∃∀∃⇔ √√↙ ∞△∘∞▽∀↙ ∪∞∋⊎ D↙ S↙ D†⌉∇↙ A D⊣⊔⊣⊙≀⊒ T≀≀↕‖⟩⊔ {≀∇ V⟩∫⊓⊣↕⟩‡⊣⊔⟩≀\↙ IEEE C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫ ⊣\⌈ A√√↕⟩⌋⊣⊔⟩≀\∫⇔ J⊓↕† ∞∃∃′⇔ √√↙ ′̸∘∄↙ ∪∞△⊎ G↙ F∇⊣\⌋⌉∫⌋⟨⌉⊔⊔⟩⇔ A↙ M⊣‡‡⌉≀⇔ N↙ M⊣‡‡≀⌋⌋⊣⇔ V↙ P⊣∫⌋⊣‡⟩≀ ⊣\⌈ G↙ S⌋⟨⟩∇⟩\‡⟩↙ A\ E{⊘⌋⟩⌉\⊔ SAR P⊣∇⊣↕↕⌉↕ P∇≀⌋⌉∫∫≀∇↙ IEEE T∇⊣\∫⊣⌋⊔⟩≀\ ≀\ A⌉∇≀∫√⊣⌋⌉ ⊣\⌈ E↕⌉⌋⊔∇≀\⟩⌋ S†∫⊔⌉⇕∫⇔ V≀↕↙ ∈⇔ N≀↙ ∈⇔ M⊣∇⌋⟨ ∞∃∃∞⇔ √√↙ ∋△∋∘∋▽∋↙ ∪∞▽⊎ D↙ G⌉↕⌉∇\⊔⌉∇⇔ N↙ C⊣∇∇⟩⌉∇≀⇔ S↙ C⟨⊣\⌈∇⊣\ ⊣\⌈ S↙ C⟨⊣\}↙ P⊣∇⊣↕↕⌉↕ P∇≀}∇⊣⇕⇕⟩\} ⟩\ L⟩\⌈⊣↙ I\ P∇≀⌋↙ I\⊔↙ C≀\{↙ P⊣∇⊣↕↕⌉↕ P∇≀⌋⌉∫∫⟩\}⇔ S⊔↙ C⟨⊣∇↕⌉∫⇔ I↕↕⟩\≀⟩∫⇔ A⊓}⊓∫⊔ ∞∃∀▽⇔ √√↙ ∈▽▽∘∈∌↙ ∪∞⊎̸ D↙ M⊣∫∫≀\\⌉⊔ ⊣\⌈ F↙ A⌈∇⊣}\⊣↙ S†\⊔⟨⌉⊔⟩⌋ A√⌉∇⊔⊓∇⌉ R⊣⌈⊣∇¬ N⌉⊒ P∇≀⌋⌉∫∫⟩\} C≀\⌋⌉√⊔∫↙ I\ ↙ P∇≀⌋↙ ∞′⊔⟨ A\\⊓⊣↕ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ G⌉≀∫⌋⟩⌉\⌋⌉ ⊣\⌈ R⌉⇕≀⊔⌉ S⌉\∫⟩\} S†⇕√≀∫⟩⊓⇕⇔ W⊣∫⟨⟩\}⊔≀\⇔ D↙C↙⇔ M⊣† ∞∃∃′⇔ √√↙ ∞∋∈∋∘∞∋∈↙̸ ∪∞⊎ M↙ D↙ S⌋⟨∇≀⌉⌈⌉∇⇔ A↙ D↙ B⟩∇∇⌉↕↕⇔ M↙ B⊓∇∇≀⊒∫⇔ H↙ M⊓∇∇⊣†⇔ R↙ M↙ N⌉⌉⌈⟨⊣⇕⇔ T↙ L↙ R≀⌈⌉⟨⌉{{⌉∇⇔ E↙ H↙ S⊣⊔⊔⌉∇⊔⟨⊒⊣⟩⊔⌉ ⊣\⌈ C↙ P↙ T⟨⊣⌋‖⌉∇↙ A⊓⊔≀\⌉⊔¬ ⊣ H⟩}⟨↖∫√⌉⌉⌈⇔ S⌉↕{↖⌋≀\⊘}⊓∇⟩\} L≀⌋⊣↕ A∇⌉⊣ N⌉⊔⊒≀∇‖ U∫⟩\} P≀⟩\⊔↖⊔≀↖√≀⟩\⊔ L⟩\‖∫↙ T⌉⌋⟨\⟩⌋⊣↕ R⌉√≀∇⊔ ▽∃⇔ DEC S†∫⊔⌉⇕∫ R⌉∫⌉⊣∇⌋⟨ C⌉\⊔⌉∇⇔ P⊣↕≀ A↕⊔≀⇔ C⊣↕⟩{≀∇\⟩⊣⇔ A√∇⟩↕ ∞∃∃′↙ T≀ ⊣√√⌉⊣∇ ⟩\ IEEE J≀⊓∇\⊣↕ ≀\ S⌉↕⌉⌋⊔⌉⌈ A∇⌉⊣∫ ≀{ C≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫⇔ O⌋⊔≀⌊⌉∇ ∞∃∃∞↙ ∪∞∀⊎ A↙ S⟩\}⟨⇔ J↙ S⌋⟨⊣⌉{{⌉∇ ⊣\⌈ M↙ G∇⌉⌉\↙ A T⌉⇕√↕⊣⊔⌉↖B⊣∫⌉⌈ A√√∇≀⊣⌋⟨ ⊔≀ ⊔⟨⌉ G⌉\⌉∇⊣⊔⟩≀\ ≀{ D⟩∫⊔∇⟩⌊⊓⊔⌉⌈ A√√↕⟩⌋⊣⊔⟩≀\∫ U∫⟩\} ⊣ N⌉⊔⊒≀∇‖ ≀{ W≀∇‖∫⊔⊣⊔⟩≀\∫↙ IEEE T∇⊣\∫↙ P⊣∇⊣↕↕⌉↕ ⊣\⌈ D⟩∫⊔∇⟩⌊⊓⊔⌉⌈ S†∫⊔⌉⇕∫⇔ ⊑≀↕↙ ∈⇔ \≀↙ ∞⇔ J⊣\⊓⊣∇† ∞∃∃∞⇔ √√↙ ▽∈∘↙̸

UBLCS↖∃∈↖∈ ∞′