R⌉⊣↕↖T⟩⇕⌉ O⌋⊔∇⌉⌉ G⌉\⌉∇⊣⊔⟩≀\ {∇≀⇕ R≀⊔⊣⊔⟩\} O⌊|⌉⌋⊔∫ R⟩⌋⟨⊣∇⌈ S‡⌉↕⟩∫‖⟩ D⟩}⟩⊔⊣↕ E∐⊓⟩√⇕⌉\⊔ C≀∇√≀∇⊣⊔⟩≀\ C⊣⇕⌊∇⟩⌈}⌉ R⌉∫⌉⊣∇⌋⟨ L⊣⌊

CRL ∃′∝∞∈ D⌉⌋⌉⇕⌊⌉∇ ∈∞⇔ ∞∃∃′

R⌉⊣↕↖T⟩⇕⌉ O⌋⊔∇⌉⌉ G⌉\⌉∇⊣⊔⟩≀\ {∇≀⇕ R≀⊔⊣⊔⟩\} O⌊|⌉⌋⊔∫ R⟩⌋⟨⊣∇⌈ S‡⌉↕⟩∫‖⟩ D⟩}⟩⊔⊣↕ E∐⊓⟩√⇕⌉\⊔ C≀∇√≀∇⊣⊔⟩≀\ C⊣⇕⌊∇⟩⌈}⌉ R⌉∫⌉⊣∇⌋⟨ L⊣⌊

CRL ∃′∝∞∈ D⌉⌋⌉⇕⌊⌉∇ ∈∞⇔ ∞∃∃′

A⌊∫⊔∇⊣⌋⊔ T⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ≀{ ⊣ ⊔⟨∇⌉⌉↖⌈⟩⇕⌉\∫⟩≀\⊣↕ ≀⌊|⌉⌋⊔ ⇕≀⌈⌉↕ {∇≀⇕ ⊣ ∫⌉⊔ ≀{ ⟩⇕⊣}⌉∫ ⊔⊣‖⌉\ {∇≀⇕ ⌈⟩{{⌉∇⌉\⊔ ⊑⟩⌉⊒√≀⟩\⊔∫ ⟩∫ ⊣\ ⟩⇕√≀∇⊔⊣\⊔ √∇≀⌊↕⌉⇕ ⟩\ ⌋≀⇕√⊓⊔⌉∇ ⊑⟩∫⟩≀\↙ O\⌉ ≀{ ⊔⟨⌉ ∫⟩⇕√↕⌉∫⊔ ⊒⊣†∫ ⊔≀ ⌈≀ ⊔⟨⟩∫ ⟩∫ ⊔≀ ⊓∫⌉ ⊔⟨⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉∫ ≀{ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⇐⊔⟨⌉ ⌊⟩\⊣∇† ⌋↕⊣∫∫⟩⊘⌋⊣⊔⟩≀\ ≀{ ⟩⇕⊣}⌉∫ ⟩\⊔≀ ≀⌊|⌉⌋⊔ ⊣\⌈ ⌊⊣⌋‖}∇≀⊓\⌈⇒ ⊔≀ ⌋⊣\ ⌋≀\∫⊔∇⊓⌋⊔ ⊣ ⌊≀⊓\⌈⟩\} ⊑≀↕⊓⇕⌉ {≀∇ ⊔⟨⌉ ≀⌊|⌉⌋⊔↙ T≀ ⌉{⊘⌋⟩⌉\⊔↕† ∇⌉√∇⌉∫⌉\⊔ ⊔⟨⟩∫ ⊑≀↕⊓⇕⌉⇔ ⊒⌉ ⊓∫⌉ ⊣\ ≀⌋⊔∇⌉⌉⇔ ⊒⟨⟩⌋⟨ ∇⌉√∇⌉∫⌉\⊔∫ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⊣∫ ⊣ ⊔∇⌉⌉ ≀{ ∇⌉⌋⊓∇∫⟩⊑⌉↕† ∫⊓⌊⌈⟩⊑⟩⌈⌉⌈ ⌋⊓⌊⌉∫↙ W⌉ ⌈⌉⊑⌉↕≀√ ⊣ \⌉⊒ ⊣↕}≀∇⟩⊔⟨⇕ {≀∇ ⌋≀⇕√⊓⊔⟩\} ⊔⟨⌉ ≀⌋⊔∇⌉⌉ ⌊≀⊓\⌈⟩\} ⊑≀↕⊓⇕⌉ {∇≀⇕ ⇕⊓↕⊔⟩√↕⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉∫⇔ ⊣\⌈ ⊣√√↕† ⟩⊔ ⊔≀ ⊣\ ≀⌊|⌉⌋⊔ ∇≀⊔⊣⊔⟩\} ≀\ ⊣ ⊔⊓∇\⊔⊣⌊↕⌉ ⟩\ {∇≀\⊔ ≀{ ⊣ ∫⊔⊣⊔⟩≀\⊣∇† ⌋⊣⇕⌉∇⊣↙ T⟨⌉ ⊣↕}≀∇⟩⊔⟨⇕ √⌉∇{≀∇⇕∫ ⊣ ↕⟩⇕⟩⊔⌉⌈ ⊣⇕≀⊓\⊔ ≀{ √∇≀⌋⌉∫∫⟩\} {≀∇ ⌉⊣⌋⟨ ⊑⟩⌉⊒√≀⟩\⊔⇔ ⊣\⌈ ⟩\⌋∇⌉⇕⌉\⊔⊣↕↕† ⌊⊓⟩↕⌈∫ ⊔⟨⌉ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ⇕≀⌈⌉↕↙ T⟨⌉ ∇⌉∫⊓↕⊔⟩\} ⊣↕}≀∇⟩⊔⟨⇕ ∇⌉∐⊓⟩∇⌉∫ ↕⌉∫∫ ⊔≀⊔⊣↕ ⌋≀⇕√⊓⊔⊣⊔⟩≀\ ⊔⟨⊣\ √∇⌉⊑⟩≀⊓∫ ⊣↕}≀∇⟩⊔⟨⇕∫⇔ ∇⊓\∫ ⟩\ ∇⌉⊣↕↖⊔⟩⇕⌉⇔ ⊣\⌈ ⌊⊓⟩↕⌈∫ ⊣ ⇕≀⌈⌉↕ ⊒⟨≀∫⌉ ∇⌉∫≀↕⊓⊔⟩≀\ ⟩⇕√∇≀⊑⌉∫ ≀⊑⌉∇ ⊔⟩⇕⌉↙ K⌉†⊒≀∇⌈∫¬ C≀⇕√⊓⊔⌉∇ ⊑⟩∫⟩≀\⇔ ∋↖D ⇕≀⌈⌉↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⟩⇕⊣}⌉ ∫⌉∐⊓⌉\⌋⌉ ⇐⇕≀⊔⟩≀\⇒ ⊣\⊣↕↖ †∫⟩∫⇔ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ⇕≀⌈⌉↕∫⇔ ≀⌋⊔∇⌉⌉∫⇔ ∫⟩↕⟨≀⊓⌉⊔⊔⌉∫⇔ ⌋≀⇕√⊓⊔⌉∇ ⊣⟩⌈⌉⌈ ⌈⌉∫⟩}\⇔ ⌋≀⇕√⊓⊔⌉∇ }∇⊣√⟨⟩⌋∫ ⊣\⟩⇕⊣⊔⟩≀\↙ ⌋◯D⟩}⟩⊔⊣↕ E∐⊓⟩√⇕⌉\⊔ C≀∇√≀∇⊣⊔⟩≀\ ∞∃∃′↙ A↕↕ ∇⟩}⟨⊔∫ ∇⌉∫⌉∇⊑⌉⌈↙

C≀\⊔⌉\⊔∫ ⟩ C≀\⊔⌉\⊔∫ ∞ I\⊔∇≀⌈⊓⌋⊔⟩≀\ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 Octree models of shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 Hierarchical octree construction from multiple views . . . . . . . . . . . . 4 4 Image silhouette intersection tests . . . . . . . . . . . . . . . . . . . . . . . 6 5 Synthetic model results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 6 Complexity analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 7 Image Preprocessing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 7▷1 Adaptation and thresholding . . . . . . . . . . . . . . . . . . . . . . . . 14 7▷2 Orientation estimation . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 7▷3 Camera parameter calibration . . . . . . . . . . . . . . . . . . . . . . . 17 8 Real image results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 9 Extensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 10 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 A Serial and parallel halfdistance transforms . . . . . . . . . . . . . . . . . 27 B Templates for Gray coded positioning ring and calibration cube . . . . . . 28 ii Contents

1 Introduction

This paper describes a new approach to creating 3D models of objects from multiple views▷ In our scenario an object rotates on a turntable in front of a static camera▷ We use only the silhouettes�the binary classiαcation of each image into object and background�to compute a bounding volume for the object▷ This algorithm enables us to obtain a quick and rough model of the object in realtime▷ This model can be used in conjunction with a more sophisticated shapefrommotion algorithm that relies on the detailed analysis of optic βow which is presented in a companion report ♭Szeliski 1990♯▷ In this context it serves both as an initial model for shape reαnement and as a nonlinear ↼bounding volume↽ constraint on the αnal shape▷ The automatic acquisition of 3D object models is important in many applications▷ These include robotics manipulation where the object must αrst be described and◁or recognized before it can be manipulated, Computer Aided Design ↼CAD↽ where automatic model building can be used as an input stage to the CAD system, and computer graphics animation where it can facilitate the task of an animator by giving him easy access to a large catalog of realworld objects▷ All of these applications become much more interesting if the acquisition can be performed quickly and without the need for special equipment or environments▷ The problem of building octree models from multiple views has a long history in the computer vision αeld▷ Octrees were αrst introduced as an efαcient representation for geometric models by Jackins and Tanimoto ♭1980♯ and Meagher ♭1982♯ ↼see also ♭Carlbom et al▷ 1985♯↽▷ A good survey of octree representations can be found in ♭Samet 1989♯ and a survey of construction and manipulation techniques in ♭Chen and Huang 1988♯▷ The construction of volumetric description from multiple views was αrst described by Martin and Aggarwal ♭1983♯ ↼the representation used was a collection of Ψvolume segmentsν↽▷ Chien and Aggarwal ♭1986b♯ constructed an octree from three orthographic projections▷ This approach was extended to 13 standard orthographic views by Veenstra and

Ahuja ♭1986♯▷ Hong and Shneier ♭1985♯ and Potmesil ♭1987♯ both used arbitrary views and perspective projection▷ In both of these papers an octree of the conic volume formed by the silhouette and the center of projection is computed for each viewpoint and the octrees from all of the viewpoints are then intersected▷ Both approaches project the octree cubes into the image plane to perform the object◁silhouette intersection▷ In contrast to this Noborio et al▷ ♭1988♯ and Srivastava and Ahuja ♭1990♯ perform the intersections in 3space which eliminates the need for perspective projection▷ Both of these approaches use a polygonal approximation to the silhouette▷ Additional research has also been done on building octrees from range data ♭Chien et al▷ 1988♯ and the recognition of object models from octrees ♭Chien and Aggarwal 1986a♯▷ The new approach described in this paper was designed with two goals in mind. to process each image as it arrives ↼realtime↽ and to produce a coarse model quickly and reαne it as more images are seen ↼incremental↽▷ A secondary goal of this research is to αnd highly parallelizable algorithms▷ Our approach is similar to Potmesilφs ♭1987♯ but instead of building a separate octree for each view we intersect each new silhouette with the existing model▷ More importantly we do not build a fullresolution octree after each view▷ Instead we build a coarse octree description αrst and then reαne it as the object continues to rotate in front of the camera▷ This makes our approach similar to other recent incremental algorithms ♭Matthies et al▷ 1989♯▷ As we will see this approach signiαcantly reduces both the individual computation per image and the total computation performed since less cubes are generated and tested▷ Our approach also uses a very efαcient 2D image plane intersection test based on bound ing squares and the chessboard distance transform ♭Rosenfeld and Kak 1976♯ ↼Potmesil uses a quadtree or nonoverlapping rectangle description↽▷ The 3D projection operations computation of the distance transform and bounding box intersection test are easily par allelizable and can thus take advantage of modern massively parallel architectures▷ The 3D perspective projection is also well suited to graphics accelerators ♭Clark 1982♯ or fast

2 Octree models of shape 3 βoatingpoint microprocessors▷ We begin the paper in Section 2 with a brief review of the octree representation▷ In Section 3 we describe how our algorithm hierarchically constructs an octree▷ In Section 4 we describe our fast image plane intersection test▷ In Section 5 we show some results of our algorithm operating on synthetically generated images▷ We analyze the complexity of our algorithm in Section 6▷ In Section 7 we switch gears and discuss a number of practical image processing issues. silhouette computation ↼adaptive thresholding↽ the automatic determination of turntable position and the calibration of the camera position▷ This leads up to some results obtained from real images ↼Section 8↽▷ In Section 9 we discuss a number of extensions including moving the camera and repositioning the object on the turntable▷ We close in Section 10 with a comparison between our new algorithm and other approaches▷

2 Octree models of shape An octree is a treestructured representation that can be used to describe a set of binary valued volumetric data enclosed by a bounding cube▷ The octree is constructed by recursively subdividing each cube into eight subcubes starting at the root node ↼a single large cube↽▷ Each cube in an octree can be one of three colors▷ A black node indicates that the cube is totally occupied ↼all of its data / 1↽ and a white node indicates that it is totally empty ↼all of its data / 0↽▷ Both black cubes and white cubes are leaf nodes in the tree▷ A gray cube lies on the boundary of the object and is only partially αlled▷ It is an interior node of the tree and has eight equally sized children of different colors▷ Figure 1a shows a graphical view of a small octree and Figure 1b shows its associated colored tree representation▷ Octrees are an efαcient representation for most volumetric objects since there is a large degree of coherence between adjacent voxels ↼volume elements↽ in a typical object▷ A number of schemes have been developed to efαciently represent and encode octrees ♭Chen and Huang 1988♯▷ For our application we use a very simple representation where all of the

4 3 Hierarchical octree construction from multiple views

Figure 1. A simple twolevel octree and its tree representation cubes at a given resolution level are kept in the same array▷ Each cube explicitly represents its x y and z coordinates as well as its color and a pointer to the αrst of its children ↼for a gray cube↽▷ This representation is well suited to the commonly occurring operations in our algorithm▷ In particular it enables the fast projection into the image of all the cubes at a given resolution level▷

3 Hierarchical octree construction from multiple views Our basic algorithm constructs the octree in a hierarchical coarsetoαne fashion▷ For a given octree resolution the inner loop of the algorithm carves out a 3D volume incrementally from a sequence of silhouettes▷ After one complete revolution of the object those cubes whose color is still uncertain are subdivided▷ Because the octree is completely constructed at one resolution before reαning the next one a minimum of extra cubes that eventually get trimmed off are created▷ In more detail we start each new revolution of the object on the turntable with a collection of black cubes all at the given ↼αnest↽ resolution level, to initialize the algorithm we start either with a single black cube or with a small collection ↼e▷g▷ 8 × ∀ × ∀⇒ ≀{ ⌊↕⊣⌋‖ ⌋⊓⌊⌉∫↙ C⊓⌊⌉∫ ⊔⟨⊣⊔ ⊣∇⌉ ⌊↕⊣⌋‖ ⊣∇⌉ ⌊⌉↕⟩⌉⊑⌉⌈ ⊔≀ ↕⟩⌉ ⌋≀⇕√↕⌉⊔⌉↕† ⊒⟩⊔⟨⟩\ ⊔⟨⌉ ≀⌊|⌉⌋⊔⇔ ⊒⟨⟩⊔⌉ ⌋⊓⌊⌉∫

∋ H⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ≀⌋⊔∇⌉⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ {∇≀⇕ ⇕⊓↕⊔⟩√↕⌉ ⊑⟩⌉⊒∫ ▽ ⊣∇⌉ ‖\≀⊒\ ⊔≀ ↕⟩⌉ ≀⊓⊔∫⟩⌈⌉ ≀{ ⊔⟨⌉ ≀⌊|⌉⌋⊔⇔ ⊣\⌈ }∇⊣† ⌋⊓⌊⌉∫ ⊣∇⌉ ⊣⇕⌊⟩}⊓≀⊓∫ ⇐⊔⟨⟩∫ ⟩∫ ⌈⟩{{⌉∇⌉\⊔ {∇≀⇕ ⊔⟨⌉ ⊓∫⊓⊣↕ ≀⌋⊔∇⌉⌉ ⌋≀↕≀∇⟩\} ∫⌋⟨⌉⇕⌉⇔ ⊒⟨⌉∇⌉ }∇⊣† ⌋⊓⌊⌉∫ ⊣∇⌉ ‖\≀⊒\ ⊔≀ ⟨⊣⊑⌉ ⌋⟨⟩↕⌈∇⌉\ ≀{ ⌈⟩{{⌉∇⟩\} ⌋≀↕≀∇∫⇒↙ F≀∇ ⌉⊣⌋⟨ \⌉⊒ ⟩⇕⊣}⌉ ⊔⟨⊣⊔ ⟩∫ ⊣⌋∐⊓⟩∇⌉⌈⇔ ⊒⌉ √∇≀|⌉⌋⊔ ⊣↕↕ ≀{ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⌋⊓⌊⌉∫ ⟩\⊔≀ ⊔⟨⌉ ⟩⇕⊣}⌉ ⊣\⌈ ⊔⌉∫⊔ ⊒⟨⌉⊔⟨⌉∇ ⊔⟨⌉† ↕⟩⌉ ⊔≀⊔⊣↕↕† ⊒⟩⊔⟨⟩\ ≀∇ ≀⊓⊔∫⟩⌈⌉ ≀{ ⊔⟨⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉ ⇐S⌉⌋⊔⟩≀\ △⇒↙ W⌉ ⊔⟨⌉\ ⊓√⌈⊣⊔⌉ ⊔⟨⌉ ⌋≀↕≀∇ ≀{ ⌉⊣⌋⟨ ⌋⊓⌊⌉ ⊣⌋⌋≀∇⌈⟩\} ⊔≀ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ⊔⊣⌊↕⌉¬ ≀↕⌈ ⌋≀↕≀∇ ⇒ ⊔⌉∫⊔ ∇⌉∫⊓↕⊔ ⇓ ⌊↕⊣⌋‖ }∇⊣† ⊒⟨⟩⊔⌉ ⟩\∫⟩⌈⌉ ⌊↕⊣⌋‖ }∇⊣† ⊒⟨⟩⊔⌉ ⊣⇕⌊⟩}⊓≀⊓∫ }∇⊣† }∇⊣† ⊒⟨⟩⊔⌉ ≀⊓⊔∫⟩⌈⌉ ⊒⟨⟩⊔⌉ ⊒⟨⟩⊔⌉ ⊒⟨⟩⊔⌉ N≀⊔⌉ ⊔⟨⊣⊔ ⌋⊓⌊⌉ ⌋≀↕≀∇∫ ⌋⊣\ ≀\↕† ⌋⟨⊣\}⌉ {∇≀⇕ ⌊↕⊣⌋‖ ⊔≀ }∇⊣† ≀∇ ⊒⟨⟩⊔⌉⇔ ≀∇ {∇≀⇕ }∇⊣† ⊔≀ ⊒⟨⟩⊔⌉ ⇐⟩↙⌉↙⇔ ⊔⟨⌉ ⊑≀↕⊓⇕⌉ ⟩∫ ⊖⌋⊣∇⊑⌉⌈ ⊣⊒⊣†⪰⇒↙ F≀∇ ≀⊓∇ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ⊣√√∇≀⊣⌋⟨ ⊔≀ ⊒≀∇‖⇔ ⊔⟨⌉ ⊔⌉∫⊔∫ ≀{ √∇≀|⌉⌋⊔⌉⌈ ⌋⊓⌊⌉∫ ⊣}⊣⟩\∫⊔ ⊔⟨⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉∫ ⌋⊣\ ⌊⌉ ⌋∇⊓⌈⌉⇔ ⌊⊓⊔ ⊔⟨⌉† ⇕⊓∫⊔ \≀⊔ ⌋↕⊣∫∫⟩{† ⊣ ⌋⊓⌊⌉ ⊣∫ ⊒⟨≀↕↕† ⟩\∫⟩⌈⌉ ≀∇ ≀⊓⊔∫⟩⌈⌉ ⊓\↕⌉∫∫ ⊔⟨⟩∫ ⟩∫ ⌋⌉∇⊔⊣⟩\↙ P∇≀|⌉⌋⊔⌉⌈ ⌋⊓⌊⌉∫ ⊔⟨⊣⊔ ⊣∇⌉ ⌉∇∇≀\⌉≀⊓∫↕† ⌋↕⊣∫∫⟩⊘⌉⌈ ⊣∫ ⊖⊣⇕⌊⟩}⊓≀⊓∫⪰ ⊒⟩↕↕ ⌊⌉ ⌋≀↕≀∇⌉⌈ }∇⊣† ⇐⊓\↕⌉∫∫ ⊔⟨⌉† ⊣∇⌉ ⊣↕∇⌉⊣⌈† ⊒⟨⟩⊔⌉⇒⇔ ⊣\⌈ ⊔⟨⌉ ⌈⌉⌋⟩∫⟩≀\ ⊣∫ ⊔≀ ⊔⟨⌉⟩∇ ⊔∇⊓⌉ ⌋≀↕≀∇ ⊒⟩↕↕ ⌊⌉ ⌈⌉{⌉∇∇⌉⌈ ⊔≀ ⊔⟨⌉ \⌉§⊔ ⊘\⌉∇ ∇⌉∫≀↕⊓⊔⟩≀\ ↕⌉⊑⌉↕↙ T⟨⟩∫ ⊣↕↕≀⊒∫ ≀⊓∇ ⟩\⊔⌉∇∫⌉⌋⊔⟩≀\ ⊔⌉∫⊔∫ ⊔≀ ⌊⌉ ⇕≀∇⌉ ∫↕≀√√† ⊣\⌈ ⊣↕∫≀ ⇕⊣‖⌉∫ ≀⊓∇ ⊣↕}≀∇⟩⊔⟨⇕ ⇕≀∇⌉ ∇≀⌊⊓∫⊔ ⊣}⊣⟩\∫⊔ \≀⟩∫⌉↙ A{⊔⌉∇ ≀\⌉ ∇⌉∫≀↕⊓⊔⟩≀\ ↕⌉⊑⌉↕ ⟨⊣∫ ⌊⌉⌉\ √∇≀⌋⌉∫∫⌉⌈ ⌋≀⇕√↕⌉⊔⌉↕†⇔ ⟩↙⌉↙⇔ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⟨⊣∫ ⌊⌉⌉\ ∫⌉⌉\ {∇≀⇕ ⊣↕↕ ≀{ ⟩⊔∫ ⊑⟩⌉⊒∫ ⇐⊒⟨⟩⌋⟨ ⊓∫⊓⊣↕↕† ⌋≀∇∇⌉∫√≀\⌈∫ ⊔≀ ⊣ ⌋≀⇕√↕⌉⊔⌉ ∇⌉⊑≀↕⊓⊔⟩≀\⇒⇔ ⊒⌉ ∇⌉⊘\⌉ ⊔⟨⌉ }∇⊣† ⌋⊓⌊⌉∫ ⌊† ∫√↕⟩⊔⊔⟩\} ⊔⟨⌉⇕ ⟩\⊔≀ ⌉⟩}⟨⊔ √⟩⌉⌋⌉∫↙ T⟨⌉ \⌉⊒ ⌋⊓⌊⌉∫ ⊣∇⌉ ⟩\⟩⊔⟩⊣↕↕† ⌋≀↕≀∇⌉⌈ ⌊↕⊣⌋‖ ⊣\⌈ ⊣∇⌉ ⊔⟨⌉\ √∇≀⌋⌉∫∫⌉⌈ ⊣∫ ⊒⌉∇⌉ ⊔⟨⌉ ⌋⊓⌊⌉∫ ⊣⊔ ⊔⟨⌉ √∇⌉⊑⟩≀⊓∫ ∇⌉∫≀↕⊓⊔⟩≀\ ↕⌉⊑⌉↕↙ N≀⊔⌉ ⊔⟨⊣⊔ ∫⟩\⌋⌉ ⊣↕↕ ≀{ ⊔⟨⌉ √≀∫∫⟩⌊↕⌉ ⊑⟩⌉⊒∫ ⊣∇⌉ ⊓∫⌉⌈ ⌊⌉{≀∇⌉ √∇≀⌋⌉⌉⌈⟩\} ⊔≀ ⊔⟨⌉ \⌉§⊔ ↕⌉⊑⌉↕⇔ ⊔⟨⌉∇⌉ ⟩∫ \≀ \⌉⌉⌈ ⊔≀ ⊓√⌈⊣⊔⌉ \≀⌈⌉∫ ⊔⟨⊣⊔ ⌊⌉↕≀\} ⊔≀ ↕⌉⊑⌉↕∫ ⌋≀⊣∇∫⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ≀\⌉ ⌋⊓∇∇⌉\⊔↕† ⌊⌉⟩\} ⊣\⊣↕†‡⌉⌈↙ I{ ⊒⌉ ⊒⟩∫⟨ ⊔≀ ∫⊣⊑⌉ ∫⊔≀∇⊣}⌉ ∫√⊣⌋⌉⇔ ⊒⌉ ⌋⊣\ }≀ ⌊⊣⌋‖ ↕⊣⊔⌉∇ ⊣\⌈ ⌋≀⇕√⊣⌋⊔ ⊔⟨⌉ ≀⌋⊔∇⌉⌉ ⌊† ⌋≀\⊑⌉∇⊔⟩\} }∇⊣† \≀⌈⌉∫ ⟩\⊔≀ ⌊↕⊣⌋‖ ≀∇ ⊒⟨⟩⊔⌉ \≀⌈⌉∫ ⟩{ ⊣↕↕ ≀{ ⊔⟨⌉⟩∇ ⌋⟨⟩↕⌈∇⌉\ ⊣∇⌉ ⊔⟨⌉ ∫⊣⇕⌉ ⌋≀↕≀∇↙

̸△ I⇕⊣}⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉ ⟩\⊔⌉∇∫⌉⌋⊔⟩≀\ ⊔⌉∫⊔∫ △ I⇕⊣}⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉ ⟩\⊔⌉∇∫⌉⌋⊔⟩≀\ ⊔⌉∫⊔∫

T≀ ⇕⊣‖⌉ ⊔⟨⌉ ⊣⌊≀⊑⌉ ⊣√√∇≀⊣⌋⟨ √∇⊣⌋⊔⟩⌋⊣↕⇔ ⊒⌉ ⇕⊓∫⊔ ⟨⊣⊑⌉ ⊣\ ⌉{⊘⌋⟩⌉\⊔ ⊒⊣† ⊔≀ √∇≀|⌉⌋⊔ ⊔⟨⌉ ≀⌋⊔∇⌉⌉ ⌋⊓⌊⌉∫ ⟩\⊔≀ ⟩⇕⊣}⌉↖∫√⊣⌋⌉ ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ⊣\⌈ ⊔≀ ⊔⌉∫⊔ {≀∇ ⟩\⊔⌉∇∫⌉⌋⊔⟩≀\ ⊒⟩⊔⟨ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ∫⟩↕⟨≀⊓⌉⊔⊔⌉↙ T⟨⌉ √⌉∇∫√⌉⌋⊔⟩⊑⌉ √∇≀|⌉⌋⊔⟩≀\ ∫⊔⌉√ ⟩∫ \≀⊔ ⊣ ⌋∇⟩⊔⟩⌋⊣↕ ⌋≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ ⌊≀⊔⊔↕⌉\⌉⌋‖⇔ ∫⟩\⌋⌉ ⟩⊔ ⟩∫ ⊔∇⟩⊑⟩⊣↕↕† √⊣∇⊣↕↕⌉↕⟩‡⊣⌊↕⌉⇔ ⊣\⌈ ∫√⌉⌋⟩⊣↕⟩‡⌉⌈ ⟨⊣∇⌈⊒⊣∇⌉ ⌉§⟩∫⊔∫ ⊔≀ √⌉∇{≀∇⇕ ⟩⊔ ∪C↕⊣∇‖⇔ ∞∃∀∈⊎↙ I\ ≀⊓∇ ⌋⊓∇∇⌉\⊔ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\⇔ ⊒⌉ ∫⟩⇕√↕† √∇≀|⌉⌋⊔ ⊣↕↕ ⌉⟩}⟨⊔ ⌋≀∇\⌉∇∫ ≀{ ⌉⊣⌋⟨ ⌋⊓⌊⌉ ⊓∫⟩\} ⊙≀⊣⊔⟩\} √≀⟩\⊔ ⊣∇⟩⊔⟨⇕⌉⊔⟩⌋↙ A\ ≀√⊣∐⊓⌉ ⌋⊓⌊⌉ √∇≀|⌉⌋⊔⌉⌈ ⟩\⊔≀ ⊔⟨⌉ ⟩⇕⊣}⌉ √↕⊣\⌉ ⊒⟩↕↕ ⟩\ }⌉\⌉∇⊣↕ {≀∇⇕ ⊣ ∫⟩§↖∫⟩⌈⌉⌈ √≀↕†}≀\↙ P⌉∇{≀∇⇕⟩\} ⊣\ ⊣⌋⌋⊓∇⊣⊔⌉ ⊔⌉∫⊔ ≀{ ⊔⟨⟩∫ ⟨⌉§⊣}≀\ ⊣}⊣⟩\∫⊔ ⊔⟨⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉ ⇐⊒⟨⟩⌋⟨ ⊒⌉ ∇⌉√∇⌉∫⌉\⊔ ⊣∫ ⊣ ⌊⟩\⊣∇† ⟩⇕⊣}⌉⇒ ⌋⊣\ ⌊⌉ ∐⊓⟩⊔⌉ ⊔⟩⇕⌉ ⌋≀\∫⊓⇕⟩\}↙ I\∫⊔⌉⊣⌈⇔ ⊒⌉ ⊓∫⌉ ⊣ ⌋≀⊣∇∫⌉∇ ⊔⌉∫⊔ ⌊⊣∫⌉⌈ ≀\ ⊔⟨⌉ ⟨⌉§⊣}≀\≃∫ ⌊≀⊓\⌈⟩\} ⌊≀§⇔ ⊒⟨⟩⌋⟨ ⇕⊣† ∫≀⇕⌉⊔⟩⇕⌉∫ {⊣⟩↕ ⊔≀ ⌈⌉⊔⌉⌋⊔ ⊣ ⊔∇⊓⌉ ⟩\⌋↕⊓∫⟩≀\ ≀∇ ⌉§⌋↕⊓∫⟩≀\↙ T⟨⟩∫ ⟩∫ ⊣⌋⌋⌉√⊔⊣⌊↕⌉ ⟩\ ≀⊓∇ ≀⊑⌉∇⊣↕↕ {∇⊣⇕⌉⊒≀∇‖⇔ ∫⟩\⌋⌉ ⊔⟨⟩∫ ‖⟩\⌈ ≀{ ⊖⇕⟩∫⊔⊣‖⌉⪰ ∫⟩⇕√↕† ⌋≀↕≀∇∫ ⊣ ⌋⊓⌊⌉ }∇⊣†⇔ ⊔⟨⊓∫ ⌈⌉{⌉∇∇⟩\} ⊔⟨⌉ ⌈⌉⌋⟩∫⟩≀\ ⊔≀ ⊔⟨⌉ \⌉§⊔ ⊘\⌉∇ ∇⌉∫≀↕⊓⊔⟩≀\ ↕⌉⊑⌉↕↙ M≀∇⌉ √∇⌉⌋⟩∫⌉↕†⇔ ⌉⊣⌋⟨ √∇≀|⌉⌋⊔⌉⌈ ⌋⊓⌊⌉ ⟩∫ ⌋≀\⊑⌉∇⊔⌉⌈ ⟩\⊔≀ ⊣ ⌊≀⊓\⌈⟩\} ∫∐⊓⊣∇⌉↙ T⟨⟩∫ ⊣↕↕≀⊒∫ ⊓∫ ⊔≀ ⌈≀ ⊔⟨⌉ ⟩\⌋↕⊓∫⟩≀\ ⊣\⌈ ⌉§⌋↕⊓∫⟩≀\ ⊔⌉∫⊔∫ ⊓∫⟩\} ⊣ ∫⟩\}↕⌉ ↕≀≀‖⊓√ ⟩\⊔≀ ⊔⊒≀ ⌈⟩∫⊔⊣\⌋⌉ ⇕⊣√∫ ⌋≀\∫⊔∇⊓⌋⊔⌉⌈ {∇≀⇕ ⊔⟨⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉ ⊣\⌈ ⟩⊔∫ ⌋≀⇕√↕⌉⇕⌉\⊔↙ T⟨⌉∫⌉ ⌈⟩∫⊔⊣\⌋⌉ ⇕⊣√∫ ⊣∇⌉ ≀\⌉↖∫⟩⌈⌉⌈ ⊑⌉∇∫⟩≀\∫ ≀{ ⊔⟨⌉ ⌋⟨⌉∫∫↖⌊≀⊣∇⌈ ⌈⟩∫⊔⊣\⌋⌉ ⊔∇⊣\∫{≀∇⇕ ∪R≀∫⌉\{⌉↕⌈ ⊣\⌈ K⊣‖⇔ ∞∃⊎̸↙ E⊣⌋⟨ √≀⟩\⊔ ⟩\ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ ⇕⊣√ ⌋≀\⊔⊣⟩\∫ ⊔⟨⌉ ∫⟩‡⌉ ≀{ ⊔⟨⌉ ↕⊣∇}⌉∫⊔ ∫∐⊓⊣∇⌉ ∫⊔⊣∇⊔⟩\} ⊣⊔ ⊔⟨⊣⊔ √⟩§⌉↕ ⊔⟨⊣⊔ ⊘⊔∫ ⌋≀⇕√↕⌉⊔⌉↕† ⊒⟩⊔⟨⟩\ ⊔⟨⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉ ⇐F⟩}⊓∇⌉ ∈⇒↙ T⟨⌉∫⌉ ⟨⊣↕{↖⌈⟩∫⊔⊣\⌋⌉ ⊔∇⊣\∫{≀∇⇕∫ {≀∇ ⊔⟨⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉ ⊣\⌈ ⟩⊔∫ ⌋≀⇕√↕⌉⇕⌉\⊔ ⌋⊣\ ⌊⌉ ⌋≀⇕√⊓⊔⌉⌈ ⊓∫⟩\} ⊣ ∫⟩\}↕⌉ ∇⊣∫⊔⌉∇↖∫⌋⊣\ √⊣∫∫ ≀⊑⌉∇ ⊔⟨⌉ ⟩⇕⊣}⌉⇔ ≀∇ ⊓∫⟩\} ⊣\ O(log d) step parallel algorithm, where d is the diameter of the largest region in the silhouette ↼Appendix A↽▷ One αnal minor detail which must be resolved is how to compute the bounding square from the bounding box of the projected cube ↼which is deαned by the minimum and maximum projected x and y values↽▷ We could center the bounding square over the bounding box or push it βush left or right ↼top or bottom↽ against the bounding box▷ We

4 Image silhouette intersection tests 7

. . . . . . . . . . . . 1 1 1 1 . . . . . . 1 1 1 1 1 1 . . . 1 1 1 1 1 1 1 . . . 1 1 1 1 1 1 1 . . . 1 1 1 1 1 1 1 1 . . 1 1 1 1 1 1 1 1 . . . 1 1 1 1 . . . . . . . . . . . . . .

0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 2 2 2 1 1 1 0 0 0 1 3 3 2 2 2 1 0 0 0 2 4 3 3 3 2 1 0 0 0 3 4 4 4 3 2 1 1 0 0 4 5 5 4 3 2 2 1 0 0 0 4 3 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ffi fl ffl fi

Figure 2: The half-distance transform and its use in inclusion testing. A sample binary image is shown on the left, and its half-distance transform on the right. The circled 5 in the distance map indicates that a 5 × ▽ ∫∐⊓⊣∇⌉ ⟩∫ ⊔⟨⌉ ↕⊣∇}⌉∫⊔ ∫∐⊓⊣∇⌉ ⟩\∫⟩⌈⌉ ⊔⟨⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉ ⊒⟨≀∫⌉ ↕≀⊒⌉∇ ↕⌉{⊔ ⌋≀∇\⌉∇ ⟩∫ ⊣⊔ ⊔⟨⊣⊔ √⟩§⌉↕↙

∀ ▽ S†\⊔⟨⌉⊔⟩⌋ ⇕≀⌈⌉↕ ∇⌉∫⊓↕⊔∫ ⟨⊣⊑⌉ ⌋⟨≀∫⌉\ ⊔⟨⌉ ↕⊣⊔⊔⌉∇ ⊣√√∇≀⊣⌋⟨⇔ ⊔⌉∫⊔⟩\} ⌊≀⊔⟨ ⌊≀⊓\⌈⟩\} ∫∐⊓⊣∇⌉∫ {≀∇ √≀∫∫⟩⌊↕⌉ ⟩\⌋↕⊓∫⟩≀\ ≀∇ ⌉§⌋↕⊓∫⟩≀\⇔ ∫⟩\⌋⌉ ⊔⟨⟩∫ ⊒⟩↕↕ ⇕≀∇⌉ ≀{⊔⌉\ ∇⌉∫⊓↕⊔ ⟩\ ⊣ ∫⊓⌋⌋⌉∫∫{⊓↕ ⊔⌉∫⊔↙

▽ S†\⊔⟨⌉⊔⟩⌋ ⇕≀⌈⌉↕ ∇⌉∫⊓↕⊔∫ T≀ ⌈⌉⊔⌉∇⇕⟩\⌉ ⊔⟨⌉ ⊑⟩⊣⌊⟩↕⟩⊔† ≀{ ≀⊓∇ \⌉⊒ ⊣↕}≀∇⟩⊔⟨⇕ ⊣\⌈ ⊔≀ ∐⊓⊣\⊔⟩{† ⟩⊔∫ √⌉∇{≀∇⇕⊣\⌋⌉⇔ ⊒⌉ ⌈⌉⌋⟩⌈⌉⌈ ⊔≀ ⊘∇∫⊔ ⊔⌉∫⊔ ⟩⊔ ≀\ ⊣ ∫⌉∇⟩⌉∫ ≀{ ∫†\⊔⟨⌉⊔⟩⌋⊣↕↕† }⌉\⌉∇⊣⊔⌉⌈ ⟩⇕⊣}⌉∫↙ O⊓∇ ⊔⌉∫⊔ ⇕≀⌈⌉↕∫ ⊒⌉∇⌉ ⌋≀\∫⊔∇⊓⌋⊔⌉⌈ ⌊† ⌋≀⇕⌊⟩\⟩\} ∫⊓√⌉∇∐⊓⊣⌈∇⟩⌋ √⊣∇⊔∫ ∪P⌉\⊔↕⊣\⌈⇔ ∞∃∀∅̸ S≀↕⟩\⊣ ⊣\⌈ B⊣|⌋∫†⇔ ∞∃∃′⊎↙ T⟨⌉ ⇕≀⌈⌉↕∫ ⊒⌉∇⌉ ∇⌉\⌈⌉∇⌉⌈ {∇≀⇕ ⊣ ⊑⊣∇⟩⌉⊔† ≀{ ⊑⟩⌉⊒√≀⟩\⊔∫ ⊓∫⟩\} ⊣ ∋↖D }∇⊣√⟨⟩⌋∫ ⇕≀⌈⌉↕⟩\} ∫†∫⊔⌉⇕↙ T⟨⌉ ∇⌉\⌈⌉∇⌉⌈ ⟩⇕⊣}⌉∫⇔ ⊣↕≀\} ⊒⟩⊔⟨ ⊔⟨⌉ ∫⟩⇕⊓↕⊣⊔⌉⌈ ⊔⊓∇\⊔⊣⌊↕⌉ ≀∇⟩⌉\⊔⊣⊔⟩≀\ ⊣\⌈ ⌋⊣⇕⌉∇⊣ √≀∫⟩⊔⟩≀\⇔ ⊒⌉∇⌉ ⊔⟨⌉\ }⟩⊑⌉\ ⊔≀ ⊔⟨⌉ ≀⌋⊔∇⌉⌉ ⌊⊓⟩↕⌈⟩\} √∇≀}∇⊣⇕↙ T⟨⌉ ⌋≀⇕√↕⌉⊔⌉ ∫⟩⇕⊓↕⊣⊔⟩≀\ ∫†∫⊔⌉⇕ ⊒⊣∫ ∇⊓\ ≀\↖↕⟩\⌉⇔ ⊒⟨⟩⌋⟨ ⌉\⊣⌊↕⌉⌈ ⊔⟨⌉ ≀⌊∫⌉∇⊑⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ∫⟩⇕⊓↕⊣⊔⌉⌈ ⟩\√⊓⊔ ⟩⇕⊣}⌉∫ ⊣\⌈ ∇⌉∫⊓↕⊔⟩\} ≀⌋⊔∇⌉⌉ ⇕≀⌈⌉↕∫ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫↕†↙ F⟩}⊓∇⌉ ∋ ∫⟨≀⊒∫ {≀⊓∇ ≀{ ⊔⟨⌉ ∫⊓√⌉∇∐⊓⊣⌈∇⟩⌋ ⇕≀⌈⌉↕∫ ⊔⟨⊣⊔ ⊒⌉ ⊓∫⌉⌈↙ F⟩}⊓∇⌉ △ ∫⟨≀⊒∫ ⊔⟨⌉ ⌋≀∇∇⌉∫√≀\⌈⟩\} ≀⌋⊔∇⌉⌉ ⇕≀⌈⌉↕∫ ⌋≀\∫⊔∇⊓⌋⊔⌉⌈ {∇≀⇕ ∋∈ ⌉⊑⌉\↕† ∫√⊣⌋⌉⌈ ⊑⟩⌉⊒∫ ⇐∞∞^∘ ⟩\⌋∇⌉⇕⌉\⊔∫⇒↙ F≀∇ ⊔⟨⌉∫⌉ ∫⟩⇕⊓↕⊣⊔⟩≀\∫⇔ ⊔⟨⌉ ⌋⊣⇕⌉∇⊣ ⊒⊣∫ ⊣⊔ △↙′ ⇐⊔⟩⇕⌉∫ ⊔⟨⌉ ⌋⊓⌊⌉ ∫⟩‡⌉⇒ {∇≀⇕ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⌋⌉\⊔⌉∇⇔ ⊔⟨⌉ ⟩\⌋↕⟩\⊣⊔⟩≀\ ⇐{∇≀⇕ ⟨≀∇⟩‡≀\⊔⊣↕⇒ ⊒⊣∫ ∈′ ∘⇔ ⊣\⌈ ⊔⟨⌉ ⊘⌉↕⌈ ≀{ ⊑⟩⌉⊒ ⊒⊣∫ ∋′ ∘↙ T⟨⌉ ≀⌋⊔∇⌉⌉∫ ∫⟨≀⊒\ ⊣∇⌉ ∇⌉\⌈⌉∇⌉⌈ ⊣⊔ ∋∈ ∋ ∇⌉∫≀↕⊓⊔⟩≀\⇔ ⌉⊑⌉\ ⊔⟨≀⊓}⟨ ⊔⟨⌉† ⊒⌉∇⌉ ⌋≀⇕√⊓⊔⌉⌈ ⊔≀ △̸ ∋ ∇⌉∫≀↕⊓⊔⟩≀\↙ A∫ ⊒⌉ ⌋⊣\ ∫⌉⌉ {∇≀⇕ ⊔⟨⌉∫⌉ ⌉§⊣⇕√↕⌉∫⇔ ⊔⟨⌉ ∫⟨⊣√⌉ ≀{ ⊔⟨⌉∫⌉ ≀⌊|⌉⌋⊔∫ ⟩∫ ∇⌉⌋≀⊑⌉∇⌉⌈ {⊣⟩∇↕† ⊒⌉↕↕⇔ ⊣↕⊔⟨≀⊓}⟨ ⊔⟨⌉∇⌉ ⊣∇⌉ ≀⌋⌋⊣∫⟩≀\⊣↕ ⊖⌊⊓↕}⌉∫⪰ ≀\ ∫≀⇕⌉ ⊙⊣⊔∫ ∫⟩⌈⌉∫ ≀{ ⊔⟨⌉ ≀⌊|⌉⌋⊔∫ ⇐⌈⊓⌉ ⊔≀ ⊣ ↕⟩⇕⟩⊔⌉⌈ \⊓⇕⌊⌉∇ ≀{ ⊑⟩⌉⊒√≀⟩\⊔∫⇒ ≀∇ ⊣⊔ ⊔⟨⌉ ⊔≀√ ⇐⊓\⊣⊑≀⟩⌈⊣⌊↕⌉ {∇≀⇕ ⊔⟨⟩∫ ⌋⊣⇕⌉∇⊣ √≀∫⟩⊔⟩≀\⇒↙ T≀ ≀⌊⊔⊣⟩\ ⊣ ⇕≀∇⌉ ∐⊓⊣\⊔⟩⊔⊣⊔⟩⊑⌉ ⇕⌉⊣∫⊓∇⌉ ≀{ ⊔⟨⌉ ⊣↕}≀∇⟩⊔⟨⇕≃∫ √⌉∇{≀∇⇕⊣\⌋⌉⇔ ⊒⌉ ⌋≀⊓\⊔⌉⌈ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌋⊓⌊⌉∫ ≀{ ⌉⊣⌋⟨ ⌋≀↕≀∇ ⌋∇⌉⊣⊔⌉⌈ ⊣⊔ ⌉⊣⌋⟨ ∇⌉∫≀↕⊓⊔⟩≀\ ↕⌉⊑⌉↕↙ A∫ ⊒⌉ ⌋⊣\ ∫⌉⌉ {∇≀⇕ T⊣⌊↕⌉ ∞⇔ ⊣⊔ ⊔⟨⌉ ⊘\⌉∇ ↕⌉⊑⌉↕∫⇔ ∇≀⊓}⟨↕† ∈▽↗ ≀{ ⊔⟨⌉ ⌋⊓⌊⌉∫ ⊣∇⌉ ⌊↕⊣⌋‖⇔ ∈▽↗ ⊣∇⌉ ⊒⟨⟩⊔⌉⇔ ⊣\⌈ ▽′↗ ⊣∇⌉ }∇⊣†↙ S⟩\⌋⌉ ⌉⊣⌋⟨ }∇⊣† ⌋⊓⌊⌉ }⌉⊔∫ ∫√↕⟩⊔ ⟩\⊔≀ ⌉⟩}⟨⊔ ⌋⟨⟩↕⌈∇⌉\⇔ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌋⊓⌊⌉∫ ∇≀⊓}⟨↕† ∐⊓⊣⌈∇⊓√↕⌉∫ ⊣⊔ ⌉⊣⌋⟨ ↕⌉⊑⌉↕↙ T⟨⟩∫ ⟩∫ ⌋≀\∫⟩∫⊔⌉\⊔ ⊒⟩⊔⟨ M⌉⊣}⟨⌉∇≃∫ ∪∞∃∀∈⊎ ⊘\⌈⟩\} ⊔⟨⊣⊔ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌋⊓⌊⌉∫ ⟩∫ √∇≀√≀∇⊔⟩≀\⊣↕ ⊔≀ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ∫⊓∇{⊣⌋⌉ ⊣∇⌉⊣ ⇐⇕⌉⊣∫⊓∇⌉⌈ ⟩\ ⊓\⟩⊔∫ ≀{ ⊔⟨⌉ ⊘\⌉∫⊔ ∇⌉∫≀↕⊓⊔⟩≀\⇒↙

▽ S†\⊔⟨⌉⊔⟩⌋ ⇕≀⌈⌉↕ ∇⌉∫⊓↕⊔∫ ∃

⊣ ⌊

⌋ ⌈

F⟩}⊓∇⌉ ∋¬ S⊓√⌉∇∐⊓⊣⌈∇⟩⌋ ⊔⌉∫⊔ ⇕≀⌈⌉↕∫¬ ⇐⊣⇒ ⌊↕≀⌋‖∫ ⇐⌊⇒ ⌋≀\⌉ ⇐⌋⇒ ⌋⊓√ ⇐⌈⇒ ∫√⟨⌉∇⌉↙

∞′ ▽ S†\⊔⟨⌉⊔⟩⌋ ⇕≀⌈⌉↕ ∇⌉∫⊓↕⊔∫

⊣ ⌊

⌋ ⌈

F⟩}⊓∇⌉ △¬ D⌉∇⟩⊑⌉⌈ ≀⌋⊔∇⌉⌉ ⇕≀⌈⌉↕∫¬ ⇐⊣⇒ ⌊↕≀⌋‖∫ ⇐⌊⇒ ⌋≀\⌉ ⇐⌋⇒ ⌋⊓√ ⇐⌈⇒ ∫√⟨⌉∇⌉↙

̸C≀⇕√↕⌉§⟩⊔† ⊣\⊣↕†∫⟩∫ ∞∞

W⌉ ⌋⊣\ ⊑⌉∇⟩{† ⟩{ ⊔⟨⟩∫ ⟩∫ ⊔∇⊓⌉ ⌊† ⌋≀⇕√⊓⊔⟩\} ⊔⟨⌉ ∫⊓∇{⊣⌋⌉ ⊣∇⌉⊣ ≀{ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉ ⊔⌉∫⊔ ≀⌊|⌉⌋⊔∫ ⇐T⊣⌊↕⌉ ∈⇒↙ N≀⊔⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ⊙⊣⊔ ⊣∇⌉⊣∫ ⊣⊔ ⊔⟨⌉ ⌊≀⊔⊔≀⇕ ≀{ ⊔⟨⌉ ≀⌊|⌉⌋⊔∫ ⌈≀ \≀⊔ ⌋≀\⊔∇⟩⌊⊓⊔⌉ ∫⟩}\⟩⊘⌋⊣\⊔↕† ⊔≀ ⊔⟨⌉ ≀⌋⊔∇⌉⌉ ⌋⊓⌊⌉ ⌋≀⊓\⊔⇔ ⌊⊓⊔ ⌈≀ ⊣⌈⌈ ∫⟩}\⟩⊘⌋⊣\⊔↕† ⊔≀ ⊔⟨⌉ ∫⊓∇{⊣⌋⌉ ⊣∇⌉⊣↙ T≀ ⊑⌉∇⟩{† ⊔⟨⌉ ⊖⊣⌋⌋⊓∇⊣⌋†⪰ ≀{ ≀⊓∇ ≀⌋⊔∇⌉⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⊒⌉ ⌋⊣\ ⌋≀⇕√⊣∇⌉ ⊔⟨⌉ ⊔≀⊔⊣↕ ⊑≀↕⊓⇕⌉ ≀{ ⊔⟨⌉ ≀⌋⊔∇⌉⌉ ⊒⟩⊔⟨ ⊔⟨⊣⊔ ≀{ ⊔⟨⌉ ≀∇⟩}⟩\⊣↕ ∫†\⊔⟨⌉⊔⟩⌋ ⇕≀⌈⌉↕ ⇐T⊣⌊↕⌉ ∈⇒⇔ ⊣∫ ⊒⊣∫ ⌈≀\⌉ ⟩\ ∪V⌉⌉\∫⊔∇⊣ ⊣\⌈ A⟨⊓|⊣⇔ ∞∃∀∅̸ P≀⊔⇕⌉∫⟩↕⇔ ∞∃∀∅ S∇⟩⊑⊣∫⊔⊣⊑⊣ ⊣\⌈ A⟨⊓|⊣⇔ ∞∃∃′⊎↙ F≀∇ ⇕≀∫⊔ ≀{ ⊔⟨⌉ ⊑≀↕⊓⇕⌉∫⇔ ⊔⟨⌉∫⌉ ⊘}⊓∇⌉∫ ⌋≀⇕√⊣∇⌉ {⊣⊑≀∇⊣⌊↕†⇔ ⌈⌉∫√⟩⊔⌉ ⊔⟨⌉ ∇⌉∫⊔∇⟩⌋⊔⌉⌈ ∇⊣\}⌉ ≀{ ⊑⟩⌉⊒√≀⟩\⊔∫↙

̸C≀⇕√↕⌉§⟩⊔† ⊣\⊣↕†∫⟩∫

T⟨⌉ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ≀⌋⊔∇⌉⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊣↕}≀∇⟩⊔⟨⇕ ⌈⌉⊑⌉↕≀√⌉⌈ ⟩\ ⊔⟨⟩∫ √⊣√⌉∇ ⟩∫ ⌈⌉∫⟩}\⌉⌈ ⊔≀ ≀√⌉∇⊣⊔⌉ ⟩\ ⌋↕≀∫⌉ ⊔≀ ∇⌉⊣↕↖⊔⟩⇕⌉↙ I⊔ ∫⟨≀⊓↕⌈ ⊔⟨⌉∇⌉{≀∇⌉ √⌉∇{≀∇⇕ ↕⌉∫∫ ⌋≀⇕√⊓⊔⊣⊔⟩≀\ {≀∇ ⌉⊣⌋⟨ ⟩⇕⊣}⌉ ⊣⌋∐⊓⟩∇⌉⌈ ⊔⟨⊣\ √∇⌉⊑⟩≀⊓∫ ⊣√√∇≀⊣⌋⟨⌉∫ ∫⊓⌋⟨ ⊣∫ P≀⊔⇕⌉∫⟩↕≃∫⇔ ⊣\⌈ ⟨≀√⌉{⊓↕↕† √⌉∇{≀∇⇕ ↕⌉∫∫ ⌋≀⇕√⊓⊔⊣⊔⟩≀\ ⟩\ ⊔≀⊔⊣↕↙ I\ √∇⊣⌋⊔⟩⌋⌉⇔ ⊔⟨⟩∫ ⟩∫ ⊒⟨⊣⊔ ≀⌋⌋⊓∇∫⇔ ⌊⌉⌋⊣⊓∫⌉ ⟩\∫⊔⌉⊣⌈ ≀{ ⌊⊓⟩↕⌈⟩\} ⊣ ⌋≀⇕√↕⌉⊔⌉ ≀⌋⊔∇⌉⌉ {∇≀⇕ ⌉⊣⌋⟨ ⟩⇕⊣}⌉⇔ ≀\↕† ⊔⟨≀∫⌉ ⌋⊓⌊⌉∫ ⊣↕∇⌉⊣⌈† ≀\ ⊔⟨⌉ ∫⊓∇{⊣⌋⌉ ≀{ ⊔⟨⌉ ⇕≀⌈⌉↕ ⊣∇⌉ ∇⌉⊘\⌉⌈↙ A∫ ⊒⌉ ∫⊣⊒ √∇⌉⊑⟩≀⊓∫↕†⇔ ⊔⟨⌉ ⌉§√⌉⌋⊔⌉⌈ \⊓⇕⌊⌉∇ ≀{ ⌋⊓⌊⌉∫ {≀∇ ⊣\ ≀⌋⊔∇⌉⌉ ⟩∫ √∇≀√≀∇⊔⟩≀\⊣↕ ⊔≀ ⟩⊔∫ ∫⊓∇{⊣⌋⌉ ⊣∇⌉⊣ ⇐{≀∇ ⊣ ∫⊓{⊘⌋⟩⌉\⊔↕† ∫⇕≀≀⊔⟨ ≀⌊|⌉⌋⊔⇒↙ F≀∇ ⇕≀∫⊔ ≀⌊|⌉⌋⊔∫⇔ ⊔⟨⟩∫ ∫⟨≀⊓↕⌈ ⌊⌉ ∫⇕⊣↕↕⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ∫⊓∇{⊣⌋⌉ ⊣∇⌉⊣ ≀{ ⊔⟨⌉ ⊑⟩⌉⊒⟩\} ⌋≀\⌉ {≀∇⇕⌉⌈ ⌊† ⊔⟨⌉ ⌋⊣⇕⌉∇⊣ ⊣\⌈ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ∫⟩↕⟨≀⊓⌉⊔⊔⌉↙ T≀ ∫⌉⌉ ⟩{ ⊔⟨⟩∫ ≀⌋⌋⊓∇∫ ⟩\ √∇⊣⌋⊔⟩⌋⌉⇔ ⊒⌉ ⌋⊣\ ⌋≀⊓\⊔ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌋⊓⌊⌉∫ ⟩\ ⊔⟨⌉ ≀⌋⊔∇⌉⌉∫ {≀∇⇕⌉⌈ {∇≀⇕ ⊣ ∫⟩\}↕⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉ ⇐T⊣⌊↕⌉ ∋⇒⇔ ⊒⟨⟩⌋⟨ ⊔⌉↕↕∫ ⊓∫ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌋⊓⌊⌉∫ ⟩\ ⊣ ⊑⟩⌉⊒⟩\} ⌋≀\⌉↙ C≀⇕√⊣∇⌉⌈ ⊔≀ ⊔⟨⌉ ≀⌋⊔∇⌉⌉ ⌋⊓⌊⌉ ⌋≀⊓\⊔ {∇≀⇕ ≀⊓∇ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ≀⌋⊔∇⌉⌉ ⊣↕}≀∇⟩⊔⟨⇕ ⇐T⊣⌊↕⌉ ∞⇒⇔ ⊒⌉ ∫⌉⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ∫⟩\}↕⌉↖⊑⟩⌉⊒ ⌋≀⊓\⊔ }⌉\⌉∇⊣↕↕† ⌉§⌋⌉⌉⌈∫ ⊔⟨⌉ ∋∈↖⊑⟩⌉⊒ ⌋≀⊓\⊔↙ T⟨⌉ ⌉§⌋⌉√⊔⟩≀\ ⟩∫ {≀∇ ↕⊣∇}⌉ ∫⟩⇕√↕⌉ ≀⌊|⌉⌋⊔∫ ⊔⟨⊣⊔ ⊘↕↕ ⇕≀∫⊔ ≀{ ⊔⟨⌉ ≀⌋⊔∇⌉⌉ ⊑≀↕⊓⇕⌉↙ T⟨⟩∫ ⌋≀⇕√⊣∇⟩∫≀\ ≀\↕† }⟩⊑⌉∫ ⊓∫ ⊣ ∇≀⊓}⟨ ⟩⌈⌉⊣ ≀{ ⊔⟨⌉ ⌋≀⇕√⊓⊔⊣⊔⟩≀\ √⌉∇{≀∇⇕⌉⌈ ⌊† ⌊≀⊔⟨ ⊔⟨⌉ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ⊣√√∇≀⊣⌋⟨ ⊣\⌈ ⊔⟨⌉ √∇⌉⊑⟩≀⊓∫ ∫⟩\}↕⌉ ∇⌉∫≀↕⊓⊔⟩≀\ ⇕⌉⊔⟨≀⌈∫↙ F≀∇ ≀⊓∇ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ⊣↕}≀∇⟩⊔⟨⇕⇔ ⊔⟨⌉ ⊣⇕≀⊓\⊔ ≀{ √∇≀⌋⌉∫∫⟩\} ∇⌉∐⊓⟩∇⌉⌈ ⟩∫ √∇≀√≀∇⊔⟩≀\⊣↕ ⊔≀ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌋⊓⌊⌉∫ ⊣⊔ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⊘\⌉∫⊔ ↕⌉⊑⌉↕⇔ ∫⟩\⌋⌉ ≀\↕† ⊔⟨⌉∫⌉ ⌋⊓⌊⌉∫ \⌉⌉⌈ ⊔≀ ⌊⌉ √∇≀|⌉⌋⊔⌉⌈ ⊣\⌈ ⊔≀ ⟨⊣⊑⌉ ⊔⟨⌉⟩∇ ⌋≀↕≀∇

∞∈ ̸C≀⇕√↕⌉§⟩⊔† ⊣\⊣↕†∫⟩∫

⇕≀⌈⌉↕ \⊓⇕⌊⌉∇ ≀{ ⌋⊓⌊⌉∫ ⇐↗⌊↕⊣⌋‖∝↗}∇⊣†⇒

↕⌉⊑⌉↕ ∈ ↕⌉⊑⌉↕ ∋ ↕⌉⊑⌉↕ △ ↕⌉⊑⌉↕ ▽ ↕⌉⊑⌉↕

⌊↕≀⌋‖∫ △̸ ⇐ ′∝∞̸⇒ ∋∞∈ ⇐ ∝△̸⇒ ∞′̸′ ⇐∞∋∝▽⇏ ∞▽∈ ⇐∞▽∝△⇏ ∈▽̸∈′ ⇐∞∀∝△∀⇒

⌋≀\⌉ △̸ ⇐ ′∝▽⇒ ∋∀△ ⇐∞∝̸▽′⇒ ∞▽∋ ̸⇐∞∝̸▽′⇒ ∞̸ ̸⇐∈∞∝▽∈⇒ ∈▽∄ ̸⇐∈∋∝▽′⇒

⌋⊓√ △̸ ⇐ ′∝∃⇒ △∃ ̸⇐∞∝̸△▽⇒ ∞∃∈ ⇐∞∃∝▽⇏ ∀′△′ ⇐∈′∝▽△⇒ ∋△▽′̸ ⇐∈∈∝▽′⇒

∫√⟨⌉∇⌉ △̸ ⇐∞∋∝∀∀⇒ △△∀ ⇐∞∝̸∞̸⇒ ∈∞ ̸⇐∈∞∝▽⇒ ∃∀∀∀ ⇐∈△∝▽∈⇒ △∞∈△∀ ⇐∈▽∝▽∞⇒

T⊣⌊↕⌉ ∞¬ C⊓⌊⌉ ⌋≀⊓\⊔∫ {≀∇ ≀⌋⊔∇⌉⌉∫ ⌋≀⇕√⊓⊔⌉⌈ {∇≀⇕ ∫†\⊔⟨⌉⊔⟩⌋ ⇕≀⌈⌉↕∫ ⇐∋∈ ⊑⟩⌉⊒∫⇒

⇕≀⌈⌉↕ ⌋⊓⌊⌉ ⌋≀⊓\⊔ ⊣\⊣↕†⊔⟩⌋ ⊣∇⌉⊣ ≀⌋⊔∇⌉⌉ ⊑≀↕⊓⇕⌉ ⊣\⊣↕†⊔⟩⌋ ⊑≀↕⊓⇕⌉

⌊↕≀⌋‖∫ ∋▽△̸∀ ∈↙∋∀△△ ′↙∞∀̸▽ ′↙∞▽▽∈

⌋≀\⌉ ∋∋∀▽ ̸∈↙▽∋∈∞ ′↙∈△̸∋ ′↙∈′̸∞

⌋⊓√ △△∃▽∈ ∈↙∃∋△ ′↙∋△△▽ ′↙∋∞′∈

∫√⟨⌉∇⌉ ▽∋∀∈△ ∋↙∞∈∀ ′↙▽∈ ̸′↙▽∞∃′

T⊣⌊↕⌉ ∈¬ T≀⊔⊣↕ ⌋⊓⌊⌉ ⌋≀⊓\⊔∫⇔ ∫⊓∇{⊣⌋⌉ ⊣∇⌉⊣⇔ ⊣\⌈ ⊑≀↕⊓⇕⌉∫ {≀∇ ≀⌋⊔∇⌉⌉∫

I⇕⊣}⌉ P∇⌉√∇≀⌋⌉∫∫⟩\} ∞∋

⇕≀⌈⌉↕ \⊓⇕⌊⌉∇ ≀{ ⌋⊓⌊⌉∫ ⇐↗⌊↕⊣⌋‖∝↗}∇⊣†⇒ ↕⌉⊑⌉↕ ∈ ↕⌉⊑⌉↕ ∋ ↕⌉⊑⌉↕ △ ↕⌉⊑⌉↕ ▽ ↕⌉⊑⌉↕

⌊↕≀⌋‖∫ △̸ ⇐ ′∝∀∋⇒ △∈△ ⇐∈∞∝∌⇒ ∈∞∈′ ⇐∈∋∝▽▽⇒ ∃∋ ̸⇐∈▽∝▽∈⇒ ∋∃∈∋∈ ⇐∈∝̸▽∞⇒ ⌋≀\⌉ △̸ ⇐∞∞∝∀⇒ △′′ ⇐∈▽∝▽⇏ ∞∀′′ ⇐∈▽∝▽∋⇒ ▽∀̸ ⇐∈∝̸▽∞⇒ ∋′∉ ⇐∈∝̸▽′⇒ ⌋⊓√ △̸ ⇐∈∈∝∀⇒ △′′ ⇐∋∋∝▽∋⇒ ∞∀̸′ ⇐∈∝̸▽∋⇒ ′∀∀ ⇐∈∝̸▽′⇒ ∈∀∋ ̸⇐∈∝̸▽′⇒ ∫√⟨⌉∇⌉ △̸ ⇐∈∀∝∈⇒ ∋∀̸ ⇐∋▽∝▽⇏ ∞▽̸ ̸⇐∈∃∝▽∋⇒ ∄∀△ ⇐∈∃∝△∃⇒ ∈∋ ̸⇐∈∝̸▽′⇒

T⊣⌊↕⌉ ∋¬ C⊓⌊⌉ ⌋≀⊓\⊔∫ {≀∇ ≀⌋⊔∇⌉⌉∫ ⌋≀⇕√⊓⊔⌉⌈ {∇≀⇕ ∫†\⊔⟨⌉⊔⟩⌋ ⇕≀⌈⌉↕∫ ⇐∫⟩\}↕⌉ ⊑⟩⌉⊒⇒

⊓√⌈⊣⊔⌉⌈↙ F≀∇ ⊔⟨⌉ ≀↕⌈⌉∇ ≀⌋⊔∇⌉⌉ ⊣↕}≀∇⟩⊔⟨⇕∫⇔ ⊒⌉ ⇕⊓∫⊔ ⊘∇∫⊔ ⌋≀\∫⊔∇⊓⌋⊔ ⊣\ ≀⌋⊔∇⌉⌉ ⌋≀∇∇⌉∫√≀\⌈⟩\} ⊔≀ ⊔⟨⌉ \⌉⊒ ⊑⟩⌉⊒ ⇐⟩\ ⊔⟩⇕⌉ √∇≀√≀∇⊔⟩≀\⊣↕ ⊔≀ ⊔⟨⌉ ⊔≀⊔⊣↕ \⊓⇕⌊⌉∇ ≀{ ⌋⊓⌊⌉∫ ⟩\ ⊣↕↕ ≀{ ⊔⟨⌉ ↕⌉⊑⌉↕∫ ≀{ T⊣⌊↕⌉ ∋⇒⇔ ⊣\⌈ ⊔⟨⌉\ ⟩\⊔⌉∇∫⌉⌋⊔ ⊔⟨⟩∫ ⊔∇⌉⌉ ⊒⟩⊔⟨ ⊔⟨⌉ √∇⌉⊑⟩≀⊓∫↕† ⌉∫⊔⟩⇕⊣⊔⌉⌈ ≀⌊|⌉⌋⊔ ⊔∇⌉⌉↙ T⟨⌉ ⟩\⊔⌉∇∫⌉⌋⊔⟩≀\ ⊣↕}≀∇⟩⊔⟨⇕ ⌉\⌈∫ ⊓√ ⌋∇⌉⊣⊔⟩\} ⊣\⌈ ⌈⌉↕⌉⊔⟩\} ⌋⊓⌊⌉∫ ⊣↕↕ ≀⊑⌉∇ ⊔⟨⌉ ≀⌋⊔∇⌉⌉ ⟨⟩⌉∇⊣∇⌋⟨†⇔ ⊒⟨⟩⌋⟨ ⇕⊣‖⌉∫ ⟩⊔∫ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀\ ⊣ √⊣∇⊣↕↕⌉↕ ⇕⊣⌋⟨⟩\⌉ ⇕⊓⌋⟨ ⇕≀∇⌉ ⌈⟩{⊘⌋⊓↕⊔↙ C≀⇕√⊣∇⌉⌈ ⊔≀ ⊔⟨⌉ ≀↕⌈⌉∇ ≀⌋⊔∇⌉⌉ ⟩\⊔⌉∇∫⌉⌋⊔⟩≀\ ⊣↕}≀∇⟩⊔⟨⇕∫⇔ ≀⊓∇ \⌉⊒ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ⊣√√∇≀⊣⌋⟨ ∇⌉∫⊓↕⊔∫ ⟩\ ⊣ ⇕⊓⌋⟨ ∫⟩⇕√↕⌉∇ ⊣\⌈ ⇕≀∇⌉ √⊣∇⊣↕↕⌉↕⟩‡⊣⌊↕⌉ ⊣↕}≀∇⟩⊔⟨⇕↙ F≀∇ ∫⌋⌉\⌉∫ ≀{ ⇕≀⌈⌉∇⊣⊔⌉ ⊔≀ ⟨⟩}⟨ ⌋≀⇕√↕⌉§⟩⊔†⇔ ⟩⊔ ⌋⊣\ ∇⌉∫⊓↕⊔ ⟩\ ⌈∇⊣⇕⊣⊔⟩⌋⊣↕↕† ↕≀⊒⌉∇ ⌋≀⇕√⊓⊔⊣⊔⟩≀\ ⇐⌊≀⊔⟨ √⌉∇ {∇⊣⇕⌉ ⊣\⌈ ≀⊑⌉∇⊣↕↕⇒ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ⌋≀⇕√↕⌉⊔⌉ ⊑⟩⌉⊒⟩\} ⌋≀\⌉∫ ⊣∇⟩∫⟩\} {∇≀⇕ ⊔⟨⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉∫ ⊣∇⌉ \≀⊔ ⌋≀\∫⊔∇⊓⌋⊔⌉⌈↙ T≀ ⌊⌉⊔⊔⌉∇ ⌋≀⇕√⊣∇⌉ ⊔⟨⌉ √⌉∇{≀∇⇕⊣\⌋⌉ ≀{ ≀⊓∇ \⌉⊒ ⊔⌉⌋⟨\⟩∐⊓⌉ ⊒⟩⊔⟨ ⊔⟨⌉ ≀↕⌈ ⊣√√∇≀⊣⌋⟨⇔ ⊒⌉ ⊒⟩↕↕ ⟨⊣⊑⌉ ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔ ⊔⟨⌉ ⟩\⊔⌉∇∫⌉⌋⊔⟩≀\ ≀{ ⊑⟩⌉⊒⟩\} ⌋≀\⌉∫ ⊣↕}≀∇⟩⊔⟨⇕⇔ ⊒⟨⟩⌋⟨ ⊒⌉ ⟨⊣⊑⌉ \≀⊔ †⌉⊔ ⌈≀\⌉↙

I⇕⊣}⌉ P∇⌉√∇≀⌋⌉∫∫⟩\}

B⌉{≀∇⌉ ⊒⌉ ⌋⊣\ ⊣√√↕† ≀⊓∇ ∫⟨⊣√⌉ {∇≀⇕ ∫⟩↕⟨≀⊓⌉⊔⊔⌉ ⊣↕}≀∇⟩⊔⟨⇕ ⊔≀ ∇⌉⊣↕ ⟩⇕⊣}⌉ ∫⌉∐⊓⌉\⌋⌉∫⇔ ⊒⌉ ⇕⊓∫⊔ ⊘∇∫⊔ ⊣⌈⌈∇⌉∫∫ ⊣ \⊓⇕⌊⌉∇ ≀{ ↕≀⊒↖↕⌉⊑⌉↕ √∇≀⌋⌉∫∫⟩\} ⊣\⌈ ⌋⊣↕⟩⌊∇⊣⊔⟩≀\ ⟩∫∫⊓⌉∫↙ T⟨⌉∫⌉ ⟩\⌋↕⊓⌈⌉ ⊔⟨⌉

∞△ I⇕⊣}⌉ P∇⌉√∇≀⌋⌉∫∫⟩\}

∫⟩↕⟨≀⊓⌉⊔⊔⌉ ⌋≀⇕√⊓⊔⊣⊔⟩≀\ ⇐≀⌊|⌉⌋⊔∝⌊⊣⌋‖}∇≀⊓\⌈ ∫⌉}⇕⌉\⊔⊣⊔⟩≀\⇒⇔ ⊔⟨⌉ ⌈⌉⊔⌉∇⇕⟩\⊣⊔⟩≀\ ≀{ ⊔⊓∇\⊔⊣⌊↕⌉ ∇≀⊔⊣⊔⟩≀\⇔ ⊣\⌈ ⊔⟨⌉ ⌋⊣↕⟩⌊∇⊣⊔⟩≀\ ≀{ ⌋⊣⇕⌉∇⊣ √≀∫⟩⊔⟩≀\↙

↙∞ A⌈⊣√⊔⊣⊔⟩≀\ ⊣\⌈ ⊔⟨∇⌉∫⟨≀↕⌈⟩\}

T≀ ⌋≀⇕√⊓⊔⌉ ⊔⟨⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉⇔ ⊒⌉ ⊘∇∫⊔ ⊣⌈⊣√⊔ ⊔⟨⌉ ⟩⇕⊣}⟩\} ∫†∫⊔⌉⇕ ⊔≀ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ∫⌋⌉\⌉ ⊒⟩⊔⟨≀⊓⊔ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⌊† ⊣⌋∐⊓⟩∇⟩\} ⊣ {⌉⊒ ⌈≀‡⌉\ ⟩⇕⊣}⌉∫ ⊣\⌈ ⌋≀⇕√⊓⊔⟩\} ⊔⟨⌉ ⇕⟩\⟩⇕⊓⇕⇔ ⇕⊣§⟩⇕⊓⇕⇔ ⇕⌉⊣\⇔ ⊣\⌈ ⊑⊣∇⟩⊣\⌋⌉ ⊑⊣↕⊓⌉∫ ⊣⊔ ⌉⊣⌋⟨ √⟩§⌉↕↙ W⟩⊔⟨ ≀⊓∇ ⌋⊓∇∇⌉\⊔ ∫⌉⊔⊓√⇔ ⊒⌉ ⌋⊣\ √⌉∇{≀∇⇕ ⊔⟨⟩∫ ⌋≀⇕√⊓⊔⊣⊔⟩≀\ ⟩\ \⌉⊣∇ ∇⌉⊣↕↖⊔⟩⇕⌉ ⇐′↙ ̸{∇⊣⇕⌉∫∝∫⌉⌋≀\⌈⇒↙ T⟨⌉∫⌉ ⇕⌉⊣∫⊓∇⌉⇕⌉\⊔∫ ⊣∇⌉ ⊔⟨⌉\ ⊓∫⌉⌈ ⊔≀ √∇⌉⌋≀⇕√⊓⊔⌉ ⊣ ∇⊣\}⌉ ≀{ \≀∇⇕⊣↕ ⊑⊣↕⊓⌉∫ {≀∇ ⌉⊣⌋⟨ ⌊⊣⌋‖}∇≀⊓\⌈ √⟩§⌉↕↙ W⟨⌉\ ⊔⟨∇⌉∫⟨≀↕⌈⟩\} ⊔⟨⌉ ⟩⇕⊣}⌉⇔ ⊣\† √⟩§⌉↕ {⊣↕↕⟩\} ≀⊓⊔∫⟩⌈⌉ ≀{ ⊔⟨⟩∫ ∇⊣\}⌉ ⟩∫ ⊣∫∫⊓⇕⌉⌈ ⊔≀ ⌊⌉ √⊣∇⊔ ≀{ ⊔⟨⌉ ≀⌊|⌉⌋⊔↙ T⟨⟩∫ ⊣⌈⊣√⊔⊣⊔⟩≀\ ∫⊔⊣}⌉ ⟩∫ ⊣↕∫≀ ⊓∫⌉⌈ {≀∇ ⊣ ∫⌉⌋≀\⌈ √⊓∇√≀∫⌉↙ T≀ {⊣⌋⟩↕⟩⊔⊣⊔⌉ ⊔⟨⌉ ⊣⊓⊔≀⇕⊣⊔⟩⌋ ⌉∫⊔⟩⇕⊣⊔⟩≀\ ≀{ ⊔⊓∇\⊔⊣⌊↕⌉ ∇≀⊔⊣⊔⟩≀\⇔ ⊒⌉ ⊣⊔⊔⊣⌋⟨ ⊣ ⌊↕⊣⌋‖↖⊣\⌈↖⊒⟨⟩⊔⌉ ⌊⟩\⊣∇†↖⌋≀⌈⌉⌈ ∫⊔∇⟩√ ≀\⊔≀ ⊔⟨⌉ ⌉⌈}⌉ ≀{ ⊔⟨⌉ ⊔⊓∇\⊔⊣⌊↕⌉ ⇐F⟩}⊓∇⌉ ▽ ⊣\⌈ A√√⌉\⌈⟩§ B⇒↙ D⊓∇⟩\} ⊔⟨⌉ ⊣⌈⊣√⊔⊣⊔⟩≀\ ∫⊔⊣}⌉⇔ ⊒⌉ ⊣↕↕≀⊒ ⊔⟨⌉ ⊔⊓∇\⊔⊣⌊↕⌉ ⊔≀ ⊔⊓∇\ ⊣⊔ ⟩⊔∫ \⊣⊔⊓∇⊣↕ ∫√⌉⌉⌈↙ F≀∇ ⌉⊣⌋⟨ √⟩§⌉↕ ⊔⟨⊣⊔ ⟩∫ √⊣∇⊔ ≀{ ⊔⟨⟩∫ √≀∫⟩⊔⟩≀\ ⌋≀⌈⟩\} ∇⟩\}⇔ ⊒⌉ ∫⌉⌉ ⌊≀⊔⟨ ⊔⟨⌉ ⌊↕⊣⌋‖ ⊣\⌈ ⊒⟨⟩⊔⌉ ⊑⊣↕⊓⌉∫↙ B⌉⌋⊣⊓∫⌉ ≀{ ⊔⟨⌉ ↕⊣∇}⌉∇ ⊔⟨⊣\ ⊓∫⊓⊣↕ ⊑⊣∇⟩⊣\⌋⌉⇔ ⊒⌉ ⌋⊣\ ⌋↕⊣∫∫⟩{† ⊔⟨⌉∫⌉ √⟩§⌉↕∫ ⊣∫ √⊣∇⊔ ≀{ ⊔⟨⌉ √≀∫⟩⊔⟩≀\ ⌉\⌋≀⌈⟩\} ∫†∫⊔⌉⇕ ⊣\⌈ ∫⌉↕⌉⌋⊔ ⊣ }≀≀⌈ ⊔⟨∇⌉∫⟨≀↕⌈ {≀∇ ⌉⊣⌋⟨ ⌊⟩\⊣∇† ⌋≀⌈⌉ √⟩§⌉↕↙ T⟨⌉ ⊔⟨∇⌉∫⟨≀↕⌈⟩\} ∫⊔⊣}⌉ ⊔⟨⊣⊔ ⌋≀⇕√⊓⊔⌉∫ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ∫⟩↕⟨≀⊓⌉⊔⊔⌉ ⊔⟨⊓∫ ⌋↕⊣∫∫⟩⊘⌉∫ ⌉⊣⌋⟨ ⟩⇕⊣}⌉ ⟩\⊔≀ {≀⊓∇ ⌋⊣⊔⌉}≀∇⟩⌉∫¬ ⌊↕⊣⌋‖ ⌊⟩\⊣∇† ⌋≀⌈⌉⇔ ⊒⟨⟩⊔⌉ ⌊⟩\⊣∇† ⌋≀⌈⌉⇔ ⌊⊣⌋‖}∇≀⊓\⌈⇔ ⊣\⌈ ≀⌊|⌉⌋⊔ ⇐F⟩}⊓∇⌉ ⇏↙

↙∈ O∇⟩⌉\⊔⊣⊔⟩≀\ ⌉∫⊔⟩⇕⊣⊔⟩≀\

T≀ ⌉∫⊔⟩⇕⊣⊔⌉ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ≀∇⟩⌉\⊔⊣⊔⟩≀\ ⇐∇≀⊔⊣⊔⟩≀\ ⊣\}↕⌉⇒ ≀{ ⊔⟨⌉ ⊔⊓∇\⊔⊣⌊↕⌉⇔ ⊒⌉ ↕≀≀‖ ⊣⊔ ⊔⟨⌉ ⌊⟩\⊣∇† ⌋≀⌈⌉ √⟩§⌉↕∫ ⟩\ ⊔⟨⌉ ⌋↕⊣∫∫⟩⊘⌉⌈ ⟩⇕⊣}⌉↙ W⌉ ⌋⟨≀≀∫⌉ ⊣ ∫⇕⊣↕↕ \⊓⇕⌊⌉∇ ≀{ ⌋≀↕⊓⇕\∫ ⇐⌋⊓∇∇⌉\⊔↕† ∋∈⇒ ⟨≀∇⟩‡≀\⊔⊣↕↕† ⌋⌉\⊔⌉∇⌉⌈ ⊣∇≀⊓\⌈ ⊔⟨⌉ ⇕⟩⌈⌈↕⌉ ≀{ ⊔⟨⌉ ⟩⇕⊣}⌉⇔ ⊣\⌈ ⟩\ ⌉⊣⌋⟨ ⌋≀↕⊓⇕\ ⊘\⌈ ⊔⟨⌉ ⊒⟩⌈⌉∫⊔ ∫⊔∇⟩√ ≀{ ⊣⌈|⊣⌋⌉\⊔ ⌊⟩\⊣∇† ⌋≀⌈⌉ √⟩§⌉↕∫↙ W⌉ ⊔⟨⌉\ ⊘\⌈ ⊔⟨⌉ ∀↖⌊⟩⊔ ⌊⟩\⊣∇† ⌋≀⌈⌉ ⌋≀∇∇⌉∫√≀\⌈⟩\} ⊔≀ ⊔⟨⌉ √⟩§⌉↕∫ ⟩\ ⊔⟨⟩∫ ∫⊔∇⟩√ ⇐{≀∇ \≀⊒⇔ ⌊† ∫⟩⇕√↕† ⌋⟨≀≀∫⟩\} ∀ ⌉∐⊓⊣↕↕† ∫√⊣⌋⌉⌈ ∫⊣⇕√↕⌉∫ ⊒⟩⊔⟨⟩\ ⊔⟨⌉ ∫⊔∇⟩√⇒⇔

↙∈ O∇⟩⌉\⊔⊣⊔⟩≀\ ⌉∫⊔⟩⇕⊣⊔⟩≀\ ∞▽

F⟩}⊓∇⌉ ▽¬ I\√⊓⊔ ⟩⇕⊣}⌉ ≀{ ≀⌊|⌉⌋⊔ ⇐⌋⊓√⇒⇔ ⊔⊓∇\⊔⊣⌊↕⌉⇔ ⊣\⌈ √≀∫⟩⊔⟩≀\ ⌋≀⌈⟩\} ∇⟩\}

∞ ̸I⇕⊣}⌉ P∇⌉√∇≀⌋⌉∫∫⟩\}

F⟩}⊓∇⌉ ¬̸ T⟨∇⌉∫⟨≀↕⌈⌉⌈ ⟩⇕⊣}⌉¬ ⌊↕⊣⌋‖ ⌊⟩\⊣∇† ⌋≀⌈⌉ ℑ ⌈⊣∇‖ }∇⊣†⇔ ⊒⟨⟩⊔⌉ ⌊⟩\⊣∇† ⌋≀⌈⌉ ℑ ↕⟩}⟨⊔ }∇⊣†⇔ ⌊⊣⌋‖}∇≀⊓\⌈ ℑ ⊒⟨⟩⊔⌉⇔ ≀⌊|⌉⌋⊔ ℑ ⌊↕⊣⌋‖↙

↙∋ C⊣⇕⌉∇⊣ √⊣∇⊣⇕⌉⊔⌉∇ ⌋⊣↕⟩⌊∇⊣⊔⟩≀\ ∞

⊣\⌈ ⌋≀\⊑⌉∇⊔ ⟩⊔ ⟩\⊔≀ ⊣ ⊑⊣↕⊓⌉ ⌊⌉⊔⊒⌉⌉\ ′ ⊣\⌈ ∈▽▽↙ T⟨⌉ ∫⌉∐⊓⌉\⌋⌉ ≀{ ⌊⟩\⊣∇† √⊣⊔⊔⌉∇\∫ {≀↕↕≀⊒∫ ⊣ G∇⊣† ⌋≀⌈⌉⇔ ∫⟩\⌋⌉ ≀\↕† ≀\⌉ ⌊⟩⊔ ⌋⟨⊣\}⌉∫ ⊣⊔ ⊣ ⊔⟩⇕⌉↙ T⟨⟩∫ √∇⌉⊑⌉\⊔∫ ⊣\ ⟩\⌋≀\∫⟩∫⊔⌉\⊔ ⌋≀⌈⌉ {∇≀⇕ ⊣∇⟩∫⟩\} {∇≀⇕ ∫⌉⊑⌉∇⊣↕ ⌊⟩⊔∫ ⌋⟨⊣\}⟩\} ⊣∫†\⌋⟨∇≀\≀⊓∫↕† ⇐⊒⟨⟩⌋⟨ ⇕⊣† ≀⌋⌋⊓∇ ⌈⊓⌉ ⊔≀ ⌋⊣⇕⌉∇⊣ \≀⟩∫⌉ ≀∇ ⟩{ ⊔⟨⌉ ⌊⟩\⊣∇† ⌋≀⌈⌉ ⟩∫ \≀⊔ √⌉∇{⌉⌋⊔↕† ⊑⌉∇⊔⟩⌋⊣↕ ⟩\ ⊔⟨⌉ ⟩⇕⊣}⌉⇒↙ T⟨⌉ ⌊⟩\⊣∇† ⊑⊣↕⊓⌉∫ {∇≀⇕ ⊣↕↕ ≀{ ⊔⟨⌉ ⌋≀↕⊓⇕\∫ ⊣∇⌉ ⊣⊑⌉∇⊣}⌉⌈ ⊔≀ ≀⌊⊔⊣⟩\ ⊣ √≀∫⟩⊔⟩≀\ ⌉∫⊔⟩⇕⊣⊔⌉ ⊔⟨⊣⊔ ⟨⊣∫ ⌊⌉⊔⊔⌉∇ ⊔⟨⊣\ ∀↖⌊⟩⊔ ∇⌉∫≀↕⊓⊔⟩≀\ ⇐⊣⌊≀⊓⊔ ′.1 ∘ ⊣⌋⌋⊓∇⊣⌋†⇒↙ T⟨⟩∫ \⊓⇕⌊⌉∇⇔ \≀∇⇕⊣↕⟩‡⌉⌈ ⊔≀ ⊣ ′ ∘ ⊔≀ ∋′̸ ∘ ∇⊣\}⌉⇔ ⟩∫ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ≀{ ≀⊓∇ ⊔⊓∇\⊔⊣⌊↕⌉ √≀∫⟩⊔⟩≀\ ⌉∫⊔⟩⇕⊣⊔≀∇↙

↙∋ C⊣⇕⌉∇⊣ √⊣∇⊣⇕⌉⊔⌉∇ ⌋⊣↕⟩⌊∇⊣⊔⟩≀\

B⌉{≀∇⌉ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⊣⌋∐⊓⟩∫⟩⊔⟩≀\ ∫†∫⊔⌉⇕ ⌋⊣\ ⌊⌉ ∇⊓\⇔ ⊒⌉ ⇕⊓∫⊔ ⌈⌉⊔⌉∇⇕⟩\⌉ ⊔⟨⌉ ⌋⊣⇕⌉∇⊣ √⊣∇⊣⇕⌉⊔⌉∇∫⇔ ⟩↙⌉↙⇔ ⊔⟨⌉ ⌋⊣⇕⌉∇⊣ √≀∫⟩⊔⟩≀\⇔ ≀∇⟩⌉\⊔⊣⊔⟩≀\⇔ ⊣\⌈ {≀⌋⊣↕ ↕⌉\}⊔⟨↙ W⌉ ⌈≀ ⊔⟨⟩∫ ⊓∫⟩\} ⊣ ‖\≀⊒\ ∇⌉{⌉∇⌉\⌋⌉ ⇕≀⌈⌉↕ √↕⊣⌋⌉⌈ ≀\ ⊔⟨⌉ ⊔⊓∇\⊔⊣⌊↕⌉ ⇐F⟩}⊓∇⌉ ⊣⇒ ∪C⊣√∇⟩↕⌉ ⊣\⌈ T≀∇∇⌉⇔ ∞∃∃′⊎↙ F⟩∇∫⊔⇔ ⊒⌉ ⌉§⊔∇⊣⌋⊔ ⊔⟨⌉ ⌉⌈}⌉∫ ⌊† ⊘\⌈⟩\} ⊔⟨⌉ ‡⌉∇≀ ⌋∇≀∫∫⟩\}∫ ⟩\ ⊔⟨⌉ ⌊⊣\⌈↖√⊣∫∫ ⊘↕⊔⌉∇⌉⌈ ⟩⇕⊣}⌉ ⊣\⌈ ⊓∫⟩\} ⊔⟨⌉ }∇⊣⌈⟩⌉\⊔ ≀{ ⊔⟨⌉ ⊘↕⊔⌉∇⌉⌈ ⟩⇕⊣}⌉ ⊔≀ ⌋≀⇕√⊓⊔⌉ ⊔⟨⌉ ⌉⌈}⌉ ≀∇⟩⌉\⊔⊣⊔⟩≀\∫ ⊣\⌈ ⊔≀ ⊔⟨∇≀⊒ ⊣⊒⊣† ⊒⌉⊣‖ ⌉⌈}⌉∫ ⇐F⟩}⊓∇⌉ ⌊⇒↙ N⌉§⊔⇔ ⊒⌉ ⊓∫⌉ ⊔⟨⌉ H≀⊓}⟨ ⊔∇⊣\∫{≀∇⇕ ⊒⟩⊔⟨ }∇⊣⌈⟩⌉\⊔ ⌈⟩∇⌉⌋⊔⟩≀\∫ ∪B⊣↕↕⊣∇⌈ ⊣\⌈ B∇≀⊒\⇔ ∞∃∀∈⊎ ⊔≀ ⊘\⌈ ⊔⟨⌉ ∫⊔∇⊣⟩}⟨⊔ ↕⟩\⌉∫ ⟩\ ⊔⟨⌉ ⟩⇕⊣}⌉ ⇐F⟩}⊓∇⌉ ⌋⇒↙ F⟩\⊣↕↕†⇔ ⊔⟨⌉∫⌉ ↕⟩\⌉∫ ⊣∇⌉ ⊓∫⌉⌈ ⊔≀ ⌋≀⇕√⊓⊔⌉ ⊔⟨⌉ ⌋⊣⇕⌉∇⊣ √⊣∇⊣⇕⌉⊔⌉∇∫ ∇⌉↕⊣⊔⟩⊑⌉ ⊔≀ ⊔⟨⌉ ∇⌉{⌉∇⌉\⌋⌉ ⌋⊓⌊⌉ ∪C⊣√∇⟩↕⌉ ⊣\⌈ T≀∇∇⌉⇔ ∞∃∃′⊎↙ T≀ ⌋≀⇕√⊓⊔⌉ ⊔⟨⌉ ⌋⊣⇕⌉∇⊣ √⊣∇⊣⇕⌉⊔⌉∇∫ ∇⌉↕⊣⊔⟩⊑⌉ ⊔≀ ⊔⟨⌉ ⌋⌉\⊔⌉∇ ≀{ ∇≀⊔⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⊔⊓∇\⊔⊣⌊↕⌉ ⇐⊒⟨⟩⌋⟨ ⟩∫ ≀⊓∇ ⌈⌉∫⟩∇⌉⌈ ≀⌊|⌉⌋⊔↖⌋⌉\⊔⌉∇⌉⌈ ⌋≀≀∇⌈⟩\⊣⊔⌉ {∇⊣⇕⌉⇒⇔ ⊒⌉ ⇕⊓∫⊔ ↕≀≀‖ ⊣⊔ ⊔⟨⌉ ∇⌉{⌉∇⌉\⌋⌉ ⌋⊓⌊⌉ {∇≀⇕ ⊣ \⊓⇕⌊⌉∇ ≀{ ⊑⟩⌉⊒√≀⟩\⊔∫ ⇐⟩↙⌉↙⇔ ⊒⟨⟩↕⌉ ⊔⟨⌉ ⌋⊓⌊⌉ ⟩∫ ∇≀⊔⊣⊔⟩\} ≀\ ⊔⟨⌉ ⊔⊓∇\⊔⊣⌊↕⌉⇒↙ W⌉ ⌋≀⊓↕⌈ ⊣⊔ ⊔⟨⟩∫ ∫⊔⊣}⌉ ⊣↕∫≀ ⊓∫⌉ S⊣⊒⟨\⌉†≃∫ ∪∞∃∃′⊎ ⇕⌉⊔⟨≀⌈ {≀∇ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫↕† ⌋≀⇕√⊓⊔⟩\} ⊔⟨⌉ ⌋⊓⌊⌉ ∫⊔∇⊓⌋⊔⊓∇⌉ ⊣\⌈ ⊔⟨⌉ ⌋⊓⌊⌉ ∇≀⊔⊣⊔⟩≀\ ⊔≀ ⌈≀ ≀⊓∇ ⌋⊣↕⟩⌊∇⊣⊔⟩≀\↙ S⟩\⌋⌉ ⊒⌉ ⟨⊣⊑⌉ \≀⊔ †⌉⊔ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⊔⟨⟩∫ √≀∇⊔⟩≀\ ≀{ ≀⊓∇ ⌋⊣↕⟩⌊∇⊣⊔⟩≀\ √∇≀⌋⌉⌈⊓∇⌉⇔ ⊒⌉ ⊓∫⌉ ⊣ ∫⟩⇕√↕⌉∇ ⇕⌉⊔⟨≀⌈↙ W⌉ ⇕⌉⊣∫⊓∇⌉ ⊔⟨⌉ ⌋⊣⇕⌉∇⊣ ⌈⟩∫⊔⊣\⌋⌉ ⊔≀ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⌊† ⟨⊣\⌈ ⊣\⌈ ⊔⟨⌉\ ⌋≀⇕√⊓⊔⌉ ⊔⟨⌉ ≀⊔⟨⌉∇ ⌋⊣⇕⌉∇⊣ √⊣∇⊣⇕⌉⊔⌉∇∫ {∇≀⇕ ⊔⟨⌉ ⇕⊣|≀∇ ⊣\⌈ ⇕⟩\≀∇ ⊣§⌉∫ ≀{ ⊣\ ⌉↕↕⟩√∫⌉ ⊘⊔⊔⌉⌈ ⊔≀ ⊔⟨⌉ ⟩⇕⊣}⌉ ≀{ ⊔⟨⌉ ⊔⊓∇\⊔⊣⌊↕⌉ ⊔≀√↙ T⟨⟩∫ ∫⟩⇕√↕⟩⊘⌉⌈ ⇕⌉⊔⟨≀⌈ ⌈≀⌉∫ \≀⊔ ∇⌉∐⊓⟩∇⌉ ⊣ ‖\≀⊒\ ∇⌉{⌉∇⌉\⌋⌉ ⇕≀⌈⌉↕⇔ ≀\↕† ⊔⟨⌉ ‖\≀⊒↕⌉⌈}⌉ ≀{ ⊔⟨⌉ ⊔⊓∇\⊔⊣⌊↕⌉ ⌈⟩⊣⇕⌉⊔⌉∇↙

∞∀ I⇕⊣}⌉ P∇⌉√∇≀⌋⌉∫∫⟩\}

⊣ ⌊

⌋ ⌈ F⟩}⊓∇⌉ ¬ C⊣⇕⌉∇⊣ √⊣∇⊣⇕⌉⊔⌉∇ ⌋≀⇕√⊓⊔⊣⊔⟩≀\¬ ⇐⊣⇒ ⌋⊣↕⟩⌊∇⊣⊔⟩≀\ ⌋⊓⌊⌉ ⇐⌊⇒ ⌉⌈}⌉∫ ⌉§⊔∇⊣⌋⊔⌉⌈ ⇐⌋⇒ ↕⟩\⌉∫ ⊘⊔⊔⌉⌈ ⇐⌈⇒ ⟩\⊔⌉∇\⊣↕ ⌋⊓⌊⌉ ⇕≀⌈⌉↕↙

∀ R⌉⊣↕ ⟩⇕⊣}⌉ ∇⌉∫⊓↕⊔∫ ∞∃

T⟨⌉ ≀⊑⌉∇⊣↕↕ ∫⌉∐⊓⌉\⌋⌉ ≀{ ∫⊔⌉√∫ ⟩\⊑≀↕⊑⌉⌈ ⟩\ √∇⌉↖⌋⊣↕⟩⌊∇⊣⊔⟩\} ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟩∫ ⊔⟨⊓∫ {⊣⟩∇↕† ∫⟩⇕√↕⌉↙ W⟩⊔⟨ ⊔⟨⌉ ⊔⊓∇\⊔⊣⌊↕⌉ ∇≀⊔⊣⊔⟩\}⇔ ⊣ ∫⌉∐⊓⌉\⌋⌉ ≀{ ⟩⇕⊣}⌉∫ ⊒⟩⊔⟨≀⊓⊔ ⊣\† ≀⌊|⌉⌋⊔∫ ⟩∫ ⊔⊣‖⌉\↙ T⟨⟩∫ ⇕⌉⇕≀∇⟩‡⌉∫ ⊔⟨⌉ ⌈⌉{⊣⊓↕⊔ ⌊⊣⌋‖}∇≀⊓\⌈ ⊣\⌈ ⊔⟨⌉ ↕≀⌋⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⌊⟩\⊣∇† ⌋≀⌈⌉↙ A ∇⌉{⌉∇⌉\⌋⌉ ⇕≀⌈⌉↕ ⟩∫ ⊔⟨⌉\ √↕⊣⌋⌉⌈ ≀\ ⊔⟨⌉ ⊔⊓∇\⊔⊣⌊↕⌉ ⊣\⌈ ⊔⟨⌉ ⌋⊣⇕⌉∇⊣ √≀∫⟩⊔⟩≀\ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕† ⌈⌉⊔⌉∇⇕⟩\⌉⌈ ⇐⌋⊓∇∇⌉\⊔↕† ⊒⌉ ⊓∫⌉ ⊔⟨⌉ ∫⟨⊣√⌉ ⊣\⌈ √≀∫⟩⊔⟩≀\ ≀{ ⊔⟨⌉ ⊔⊓∇\⊔⊣⌊↕⌉ ⊔≀√⇒↙ T⟨⟩∫ ↕⊣∫⊔ ∫⊔⊣}⌉ ⌋≀⊓↕⌈ ⌋≀\⌋⌉⟩⊑⊣⌊↕† ⌊⌉ ∇⌉√↕⊣⌋⌉⌈ ⌊† ⊣ ∫⌉⊔ ≀{ ⌋⊣↕⟩⌊∇⊣⊔⟩≀\ √≀⟩\⊔∫ √⌉∇⇕⊣\⌉\⊔↕† ⊘§⌉⌈ ⊔≀ ⊔⟨⌉ ⊔⊓∇\⊔⊣⌊↕⌉↙ T⟨⌉ ∇⌉∫⊓↕⊔ ⟩∫ ⊣ ∫†∫⊔⌉⇕ ⊔⟨⊣⊔ ⌋⊣\ ⌊⌉ ≀√⌉∇⊣⊔⌉⌈ ⌊† ⊣ \⊣�⊑⌉ ⊓∫⌉∇ ∫⊓⌋⟨ ⊣∫ ⊣ CAD ⌈⌉∫⟩}\⌉∇ ≀∇ }∇⊣√⟨⟩⌋∫ ⊣∇⊔⟩∫⊔↙

∀ R⌉⊣↕ ⟩⇕⊣}⌉ ∇⌉∫⊓↕⊔∫

W⌉ ⟨⊣⊑⌉ ⊔⌉∫⊔⌉⌈ ≀⊓∇ ⊣↕}≀∇⟩⊔⟨⇕ ≀\ ⊣ \⊓⇕⌊⌉∇ ≀{ ∇⌉⊣↕ ⟩⇕⊣}⌉ ∫⌉∐⊓⌉\⌋⌉∫↙ F⟩}⊓∇⌉ ▽ ∫⟨≀⊒∫ ⊣ ∫⊣⇕√↕⌉ ⟩⇕⊣}⌉ ≀{ ⊣ ⌋⊓√ ∫⟩⊔⊔⟩\} ≀\ ⊔⟨⌉ ⊔⊓∇\⊔⊣⌊↕⌉↙ A√√↕†⟩\} ⊔⟨⌉ ⊣⌈⊣√⊔⊣⊔⟩≀\ ⊣\⌈ ⌋↕⊣∫∫⟩⊘⌋⊣⊔⟩≀\ ⊔⌉⌋⟨\⟩∐⊓⌉∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ √∇⌉⊑⟩≀⊓∫↕†⇔ ⊒⌉ ≀⌊⊔⊣⟩\ ⊔⟨⌉ ⊔⟨∇⌉∫⟨≀↕⌈⌉⌈ ⟩⇕⊣}⌉ ∫⟨≀⊒\ ⟩\ F⟩}⊓∇⌉ ↙̸ F≀∇ ⊔⟨⟩∫ ⟩⇕⊣}⌉ ∫⌉∐⊓⌉\⌋⌉⇔ ⟩⊔ ⊒⊣∫ \⌉⌋⌉∫∫⊣∇† ⊔≀ ↕≀⊒⌉∇ ⊔⟨⌉ ⊔⟨∇⌉∫⟨≀↕⌈∫ ⟩\ ⊔⟨⌉ ⌊∇⟩}⟨⊔ ⊒⟨⟩⊔⌉ ⊣∇⌉⊣∫ ≀{ ⊔⟨⌉ ⊣⌈⊣√⊔⊣⊔⟩≀\ ⟩⇕⊣}⌉⇔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ∫⟨⊣⌈≀⊒∫ ⌋⊣∫⊔ ⌊† ⊔⟨⌉ ⌋⊓√ ⊒⌉∇⌉ ⌋⊣⊓∫⟩\} ⊣\ ⟩\⌋≀∇∇⌉⌋⊔ ⌋↕⊣∫∫⟩⊘⌋⊣⊔⟩≀\ ⇐⇕≀∫⊔ ≀{ ⊔⟨⌉ ⊔⊓∇\⊔⊣⌊↕⌉ ⊔≀√ ⊒≀⊓↕⌈ ⌊⌉ ⌋↕⊣∫∫⟩⊘⌉⌈ ⊣∫ √⊣∇⊔ ≀{ ⊔⟨⌉ ≀⌊|⌉⌋⊔⇒↙ A∫ ⊒⌉ ⌋⊣\ ∫⌉⌉ {∇≀⇕ ⊔⟨⌉ ⊔⟨∇⌉∫⟨≀↕⌈⌉⌈ ⟩⇕⊣}⌉⇔ ⊔⟨⌉ ⊣↕}≀∇⟩⊔⟨⇕ ∫⊔⟩↕↕ ⇕⟩∫⌋↕⊣∫∫⟩⊘⌉∫ ⟩∫≀↕⊣⊔⌉⌈ ⌊⊣⌋‖}∇≀⊓\⌈ √⟩§⌉↕∫ ⊣∫ {≀∇⌉}∇≀⊓\⌈↙ C≀\⊑⌉∇∫⌉↕†⇔ ∫≀⇕⌉ ≀{ ⊔⟨⌉ ∫√⌉⌋⊓↕⊣∇⟩⊔⟩⌉∫ ≀\ ⊔⟨⌉ ⌋⊓√ ⟨⊣⊑⌉ ⌊⌉⌉\ ⇕⟩∫⌋↕⊣∫∫⟩⊘⌉⌈ ⊣∫ ⌊⊣⌋‖}∇≀⊓\⌈↙ U∫⟩\} ⊣ ∫⇕⊣↕↕ ⊣⇕≀⊓\⊔ ≀{ √∇≀√⊣}⊣⊔⟩≀\ ⊣\⌈ ∫⟨∇⟩\‖⟩\} ∪R≀∫⌉\{⌉↕⌈ ⊣\⌈ K⊣‖⇔ ∞∃⊎̸ ∫⟨≀⊓↕⌈ ⟨⌉↕√ ∇⌉⇕≀⊑⌉ ⊔⟨⌉∫⌉ √∇≀⌊↕⌉⇕∫↙ A ⌊⌉⊔⊔⌉∇ ↕≀\}↖⊔⌉∇⇕ ∫≀↕⊓⊔⟩≀\ ⊒≀⊓↕⌈ ⌊⌉ ⊔≀ ⊓∫⌉ ⌋≀↕≀∇ ⟩⇕⊣}⌉∫⇔ ∫⟩\⌋⌉ ⊔⟨⌉∇⌉ ⟩∫ ↕⌉∫∫ ⌋⟨⊣\⌋⌉ ≀{ ⌋≀\{⊓∫⟩≀\⇔ ⊣\⌈ ∫⟩\⌋⌉ ∫⟨⊣⌈⌉⌈ ∇⌉}⟩≀\∫ ⇐}≀⟩\} {∇≀⇕ ⌈⊣∇‖ ⊔≀ ↕⟩}⟨⊔⇒ ⊣∇⌉ \≀⊔ {≀∇⌋⌉⌈ ⊔≀ ⌋∇≀∫∫ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀∇↙ F⟩}⊓∇⌉ ∀ ∫⟨≀⊒∫ ⊔⟨⌉ ⊘\⊣↕ ⇕≀⌈⌉↕ ⌋≀\∫⊔∇⊓⌋⊔⌉⌈ {∇≀⇕ ⊔⟨⌉ ⌋⊓√ ⟩⇕⊣}⌉ ∫⌉∐⊓⌉\⌋⌉↙ T⟨⌉ ⊘\⊣↕ ∇⌉⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⌋⊣√⊔⊓∇⌉∫ ⊔⟨⌉ ≀⊑⌉∇⊣↕↕ ∫⟨⊣√⌉ ≀{ ⊔⟨⌉ ⌋⊓√ ∐⊓⟩⊔⌉ ⊒⌉↕↕↙ T⟨⌉ ⇕⊣|≀∇ ∫≀⊓∇⌋⌉ ≀{ ⌉∇∇≀∇∫ ⟩\ ⊔⟨⌉ ∇⌉⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩∫ ⌈⊓⌉ ⊔≀ ⊔⟨⌉ ∫√⌉⌋⊓↕⊣∇⟩⊔⟩⌉∫ ⊔⟨⊣⊔ ⌋⊣⊓∫⌉ ⌉∇∇≀\⌉≀⊓∫ }∇⊣† \≀⌈⌉∫ ⟩\ ⊔⟨⌉ ⇕⟩⌈⌈↕⌉ ≀{ ⊔⟨⌉ ⇕≀⌈⌉↕ ⇐⊔⟨⌉∫⌉ ⊣∇⌉ \≀⊔ ⊑⟩∫⟩⌊↕⌉ ⟩\ F⟩}⊓∇⌉ ∀⇔ ⊒⟨⟩⌋⟨ ∇⌉\⌈⌉∇∫ }∇⊣† \≀⌈⌉∫ ⊣⊔ ⊔⟨⌉ ↕≀⊒⌉∫⊔ ↕⌉⊑⌉↕ ⊣∫ ≀√⊣∐⊓⌉⇒↙

∈′ ∀ R⌉⊣↕ ⟩⇕⊣}⌉ ∇⌉∫⊓↕⊔∫

F⟩}⊓∇⌉ ∀¬ O⌋⊔∇⌉⌉ ⇕≀⌈⌉↕ ⌈⌉∇⟩⊑⌉⌈ {∇≀⇕ ∇⌉⊣↕ ⌋⊓√ ⟩⇕⊣}⌉∫

∃ E§⊔⌉\∫⟩≀\∫ ∈∞

∃ E§⊔⌉\∫⟩≀\∫

T⟨⌉∇⌉ ⊣∇⌉ ⊣ \⊓⇕⌊⌉∇ ≀{ ⌉{⊘⌋⟩⌉\⌋† ≀√⊔⟩⇕⟩‡⊣⊔⟩≀\∫ ⊔⟨⊣⊔ ⌋≀⊓↕⌈ ⌊⌉ ⊣⌈⌈⌉⌈ ⊔≀ ≀⊓∇ ⊣↕}≀∇⟩⊔⟨⇕↙ T≀ ∇⌉⌈⊓⌋⌉ ⊔⟨⌉ ⌋≀∫⊔ ≀{ ⊔⟨⌉ ⌋⊓⌊⌉ ⌋≀∇\⌉∇ √∇≀|⌉⌋⊔⟩≀\∫⇔ ⊔⟨⌉∇⌉ ⊣∇⌉ ∫⌉⊑⌉∇⊣↕ ⊔⌉⌋⟨\⟩∐⊓⌉∫ ⊔⟨⊣⊔ ⊒⌉ ⌋≀⊓↕⌈ ⊓∫⌉¬

∞↙ ⌋⊣⌋⟨⌉ ⊔⟨⌉ √∇≀|⌉⌋⊔⟩≀\∫⇔ ∫⟩\⌋⌉ ⌉⊣⌋⟨ ⌋≀∇\⌉∇ ⟩∫ ⊓∫⊓⊣↕↕† ⊓∫⌉⌈ ⇕≀∇⌉ ⊔⟨⊣\ ≀\⌋⌉∅

∈↙ √∇≀|⌉⌋⊔ ≀\↕† ≀\⌉ ⌋≀∇\⌉∇⇔ ⊣\⌈ ⊓∫⌉⌈ ⊘§⌉⌈ ⊑⌉⌋⊔≀∇∫ ⊔≀ ⌈⌉⊘\⌉ ⊔⟨⌉ ≀⊔⟨⌉∇ ∫⌉⊑⌉\ ⌋≀∇\⌉∇∫∅

∋↙ ⊓∫⌉ ∇⌉⌋⊓∇∫⟩⊑⌉ ∫⊓⌊⌈⟩⊑⟩∫⟩≀\ ≀{ ⊔⟨⌉ √∇≀|⌉⌋⊔⌉⌈ ≀⌋⊔∇⌉⌉ ⌋⊓⌊⌉∫ ⊔≀ ≀⌊⊔⊣⟩\ ⊔⟨⌉ ⟩⇕⊣}⌉ ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ≀{ ⊔⟨⌉ √≀⟩\⊔∫ ⊣⊔ ⊔⟨⌉ ⌈⌉∫⟩∇⌉⌈ ∇⌉∫≀↕⊓⊔⟩≀\↙ N≀⊔⌉ ⊔⟨⊣⊔ ⊔⟨⌉∫⌉ ↕⊣∫⊔ ⊔⊒≀ ⊣√√∇≀⊣⌋⟨⌉∫ ⌈≀ \≀⊔ }⌉\⌉∇⊣⊔⌉ ⊔⟨⌉ ⌉§⊣⌋⊔ ⌋≀∇\⌉∇ √≀∫⟩⊔⟩≀\∫⇔ ⌊⊓⊔ ⊔⟨⟩∫ ⟩∫ √⌉∇{⌉⌋⊔↕† ⊣⌋⌋⌉√⊔⊣⌊↕⌉⇔ ∫≀ ↕≀\} ⊣∫ ⊣ ↕⊣∇}⌉∇ ⌊≀⊓\⌈⟩\} ⌊≀§ ∇⌉∫⊓↕⊔∫↙ W⌉ ⌋≀⊓↕⌈ {⊓∇⊔⟨⌉∇ ∇⌉⌈⊓⌋⌉ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌋⊓⌊⌉∫ √∇≀|⌉⌋⊔⌉⌈ ⌊† ⌉§⊣⇕⟩\⟩\} ≀\↕† ⊑⟩∫⟩⌊↕⌉ ⌋⊓⌊⌉∫↙ T⟨⟩∫ ⊒≀⊓↕⌈ ∇⌉⇕≀⊑⌉ {∇≀⇕ ⌋≀\∫⟩⌈⌉∇⊣⊔⟩≀\ ⌊≀⊔⟨ ⊔⟨⌉ ⌋⊓⌊⌉∫ ≀\ ⊔⟨⌉ ⌊⊣⌋‖ ∫⟩⌈⌉ ≀{ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⊣\⌈ ⊣↕∫≀ ⊔⟨≀∫⌉ ⟩\⊔⌉∇⟩≀∇ ⊔≀ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⇐⌋⊓⌊⌉∫ ⊔⟨⊣⊔ ⊣∇⌉ \≀⊔ ≀\ ⊔⟨⌉ ∫⊓∇{⊣⌋⌉⇒↙ I⊔ ⊒≀⊓↕⌈ ⊔⟨⌉\ ≀\↕† ⌊⌉ √≀∫∫⟩⌊↕⌉ ⊔≀ ∇⌉⇕≀⊑⌉ ⊣ ∫⟩\}↕⌉ ↕⊣†⌉∇ ≀{ ⌋⊓⌊⌉∫ ⊣⊔ ⊣ ⊔⟩⇕⌉⇔ ⊣\⌈ ⊣ ⟨≀↕⌉ ⟩\ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⊒≀⊓↕⌈ ∇⌉∐⊓⟩∇⌉ ∫⌉⊑⌉∇⊣↕ ⊑⟩⌉⊒∫ ⊔≀ ⊖⌉⊣⊔ ⟩⊔∫ ⊒⊣† ⊔⟨∇≀⊓}⟨⪰ ⊔⟨⌉ ≀⌊|⌉⌋⊔↙ A⌈⌈⟩\} }∇⊣† ↕⌉⊑⌉↕ ≀∇ ⌋≀↕≀∇ ⇕⊣√√⟩\} ≀\⊔≀ ⊔⟨⌉ ⌋⊓⌊⌉∫ ⟩\ ⊔⟨⌉ ≀⌋⊔∇⌉⌉ ⊒≀⊓↕⌈ ⌉\⟨⊣\⌋⌉ ⊔⟨⌉ ∇⌉⊣↕⟩∫⇕ ≀{ ⊔⟨⌉ ∇⌉⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⟩∫ ⟩∫ \≀⊔ ⊣\ ⌉⊣∫† ⊔⊣∫‖⇔ ∫⟩\⌋⌉ ⇕⊣\† ⌈⟩{{⌉∇⌉\⊔ ⟩\⊔⌉\∫⟩⊔⟩⌉∫ ⌋≀⊓↕⌈ ⇕⊣√ ⊔≀ ⊣ ∫⟩\}↕⌉ ⌋⊓⌊⌉⇔ ⌊≀⊔⟨ ⊒⟩⊔⟨⟩\ ⊣ ∫⟩\}↕⌉ {∇⊣⇕⌉ ⊣\⌈ ⌊⌉⊔⊒⌉⌉\ {∇⊣⇕⌉∫ ∪P≀⊔⇕⌉∫⟩↕⇔ ∞∃∀⊎↙ W⌉ ⌋≀⊓↕⌈ ⊣↕∫≀ ⊓∫⌉ ⊔⟨⟩∫ ∫⊔⊣}⌉ ⊔≀ ⌋⟨⌉⌋‖ {≀∇ ⟩\⌋≀\∫⟩∫⊔⌉\⌋⟩⌉∫⇔ ∫⊓⌋⟨ ⊣∫ ⊒⟨⟩⊔⌉ ⌋⊓⌊⌉∫ ⊔⟨⊣⊔ ⌊⌉⌋≀⇕⌉ ⊑⟩∫⟩⌊↕⌉ ↕⊣⊔⌉∇ ≀\↙ O⊓∇ ≀⌋⊔∇⌉⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊣↕}≀∇⟩⊔⟨⇕ ⊒≀⊓↕⌈ ⌊⌉ ⇕≀∇⌉ √≀⊒⌉∇{⊓↕ ⟩{ ⊒⌉ ⌋≀⊓↕⌈ ⌋⟨⊣\}⌉ ⊔⟨⌉ √≀∫⟩⊔⟩≀\ ≀{ ⊔⟨⌉ ⌋⊣⇕⌉∇⊣ ⊣\⌈∝≀∇ ⊔⟨⌉ ≀⌊|⌉⌋⊔↙ T⟨⌉ {≀∇⇕⌉∇ ⌋⊣∫⌉ ⟩∫ ⌉⊣∫⟩⌉∇ ⊔≀ ⟨⊣\⌈↕⌉↙ W⌉ ∫⟩⇕√↕† ∇⌉↖⌋⊣↕⟩⌊∇⊣⊔⌉ ⊔⟨⌉ ∫†∫⊔⌉⇕⇔ ⊣\⌈ ⌋≀\⊔⟩\⊓⌉ √∇≀⌋⌉∫∫⟩\} ⊒⟩⊔⟨ ⊔⟨⌉ \⌉⊒ ⌋⊣⇕⌉∇⊣ √⊣∇⊣⇕⌉⊔⌉∇∫ ⇐⊒⌉ ⌋≀⊓↕⌈ ⊣↕∫≀ ⊓∫⌉ ⇕≀∇⌉ ⊔⟨⊣\ ≀\⌉ ⌋⊣⇕⌉∇⊣ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫↕†⇒↙ A\ ⟩\⊔⌉∇⌉∫⊔⟩\} ⌉⇕√⟩∇⟩⌋⊣↕ ∐⊓⌉∫⊔⟩≀\ ⟩∫ ⊒⟨⌉⊔⟨⌉∇ ⊒⌉ ∫⟨≀⊓↕⌈ ∫⊔⟩↕↕ ⊓∫⌉ ⊔⟨⌉ ∫⊣⇕⌉ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ∫⊔∇⊣⊔⌉}† ⊣∫ ⌊⌉{≀∇⌉ ⇐⌋≀⊣∇∫⌉ ⊔≀ ⊘\⌉

∈∈ ∃ E§⊔⌉\∫⟩≀\∫

∇⌉⊘\⌉⇕⌉\⊔⇒⇔ ≀∇ ⊒⟨⌉⊔⟨⌉∇ ⊒⌉ ∫⟨≀⊓↕⌈ √∇≀⌋⌉∫∫ |⊓∫⊔ ⊔⟨⌉ ⊘\⌉∫⊔ ↕⌉⊑⌉↕�≀∇ ⇕⊣†⌊⌉ ⌉⊑⌉\ ⊔⟨⌉ ⊒⟨≀↕⌉ ⊔∇⌉⌉�{≀∇ ⌉⊣⌋⟨ \⌉⊒ ∫⟩↕⟨≀⊓⌉⊔⊔⌉↙ T⟨⌉ √⊓∇⌉ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ⊣↕}≀∇⟩⊔⟨⇕ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ ⊔⟨⟩∫ √⊣√⌉∇ ⌋≀⊓↕⌈ ⊔⟨⌉\ ⌊⌉ ∇⌉√↕⊣⌋⌉⌈ ⊒⟩⊔⟨ ⊣ ⇕≀∇⌉ ⊙⌉§⟩⌊↕⌉ ⌋≀\⊔∇≀↕ ∫⊔∇⊣⊔⌉}†⇔ ⊒⟨⟩⌋⟨ ⊒≀⊓↕⌈ ⌈⌉⌋⟩⌈⌉ ⟨≀⊒ ⇕⊣\† ⊒⟨≀↕⌉ ≀∇ √⊣∇⊔ ↕⌉⊑⌉↕∫ ⊔≀ √∇≀⌋⌉∫∫ ⌈⌉√⌉\⌈⟩\} ≀\ ⊔⟨⌉ ∇⌉⊣↕↖⊔⟩⇕⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⟩⇕√≀∫⌉⌈ ⌊† ⊔⟨⌉ ∇⊣⊔⌉ ≀{ ⟩\⌋≀⇕⟩\} ⟩⇕⊣}⌉∫↙

T⟨⌉ ⌋⟨⊣\}⌉ ⟩\ ≀⌊|⌉⌋⊔ ≀∇⟩⌉\⊔⊣⊔⟩≀\ ⌋⊣⊓∫⌉⌈ ⌊† ∇⌉√≀∫⟩⊔⟩≀\⟩\} ⟩⊔ ≀\ ⊔⟨⌉ ⊔⊓∇\⊔⊣⌊↕⌉ ⟩∫ ⊣↕∫≀ ∫⟩⇕√↕⌉ ⊔≀ ⟨⊣\⌈↕⌉ ⟩{ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⇕≀⊔⟩≀\ ⟩∫ ‖\≀⊒\↙ I\ ⊔⟨⟩∫ ⌋⊣∫⌉⇔ ⊒⌉ ⌋⊣\ ⊔∇⊣\∫{≀∇⇕ ⊔⟨⌉ ≀⌋⊔∇⌉⌉ ⊔≀ ⟩⊔∫ \⌉⊒ ≀∇⟩⌉\⊔⊣⊔⟩≀\ ∪A⟨⊓|⊣ ⊣\⌈ N⊣∫⟨⇔ ∞∃∀△∅ W⌉\} ⊣\⌈ A⟨⊓|⊣⇔ ∞∃∀⊎ ⊣\⌈ ⌋≀\⊔⟩\⊓⌉ √∇≀⌋⌉∫∫⟩\} ⊣∫ ⌊⌉{≀∇⌉↙ A\ ⌉§⊣⇕√↕⌉ ≀{ ∫⊓⌋⟨ ⊣ ‖\≀⊒\ ⊔∇⊣\∫{≀∇⇕⊣⊔⟩≀\ ⊒≀⊓↕⌈ ⌊⌉ ⟩{ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⟨⊣⌈ ≀\↕† ⊣ {⌉⊒ ∫⊔⊣⌊↕⌉ √≀∫⌉∫↙ D⌉⊔⌉∇⇕⟩\⟩\} ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⇕≀⊔⟩≀\ {∇≀⇕ ⊔⟨⌉ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ⌈⊣⊔⊣ ⟩⊔∫⌉↕{ ⟩∫ ⇕≀∇⌉ ⌈⟩{⊘⌋⊓↕⊔ ∪C⟨⟩⌉\ ⊣\⌈ A}}⊣∇⊒⊣↕⇔ ∞∃∀⊣̸⊎⇔ ⌉∫√⌉⌋⟩⊣↕↕† ⊒⟨⌉\ ⌊≀⊔⟨ ⊔⟨⌉ ≀↕⌈ ⊣\⌈ \⌉⊒ ≀⌊|⌉⌋⊔ ⇕≀⌈⌉↕∫ ⌋≀\⊔⊣⟩\ ⊣∇⌉⊣∫ ⊔⟨⊣⊔ ⊣∇⌉ ⌉§⊔∇⊣\⌉≀⊓∫↙ T⟨⟩∫ ∇⌉⇕⊣⟩\∫ ⊣\ ⟩\⊔⌉∇⌉∫⊔⟩\} ⊣∇⌉⊣ ≀{ {⊓⊔⊓∇⌉ ∇⌉∫⌉⊣∇⌋⟨↙

O\⌉ ⊘\⊣↕ ⟩\⊔⌉∇⌉∫⊔⟩\} ⊣∇⌉⊣ ≀{ ∇⌉∫⌉⊣∇⌋⟨ ⟩∫ ⊔⟨⌉ ⟩\⊔⌉∇⊣⌋⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌊≀⊓\⌈⟩\} ⊑≀↕⊓⇕⌉ }⌉\⌉∇⊣⊔⌉⌈ ⌊† ⊔⟨⟩∫ ⊣↕}≀∇⟩⊔⟨⇕ ⊣\⌈ ⊔⟨⌉ ⌈⌉{≀∇⇕⊣⌊↕⌉ ∫⊓∇{⊣⌋⌉ ⇕≀⌈⌉↕ ⌋≀⇕√⊓⊔⌉⌈ {∇≀⇕ ≀√⊔⟩⌋ ⊙≀⊒ ∪S‡⌉↕⟩∫‖⟩⇔ ∞∃∃′⊎↙ I\ ⊔⟨⟩∫ ⌋≀⇕√↕⌉⇕⌉\⊔⊣∇† ⊣√√∇≀⊣⌋⟨ ⊔≀ ∫⟨⊣√⌉ {∇≀⇕ ∇≀⊔⊣⊔⟩≀\⇔ ‖\≀⊒↕⌉⌈}⌉ ≀{ ⊔⟨⌉ ≀√⊔⟩⌋ ⊙≀⊒ ⊣\⌈ ≀⌊|⌉⌋⊔ ⇕≀⊔⟩≀\ √∇≀⊑⟩⌈⌉∫ ⊣ ∫√⊣∇∫⌉ ⊣\⌈ ∫≀⇕⌉⊒⟨⊣⊔ \≀⟩∫† ⌉∫⊔⟩⇕⊣⊔⌉ ≀{ √≀⟩\⊔∫ ≀\ ⊔⟨⌉ ≀⌊|⌉⌋⊔≃∫ ∫⊓∇{⊣⌋⌉ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⟩\⊔⌉}∇⊣⊔⌉⌈ ⊓∫⟩\} ⊣\ ⌉↕⊣∫⊔⟩⌋ ∫⊓∇{⊣⌋⌉ ⇕≀⌈⌉↕↙ T⟨⌉ ⌊≀⊓\⌈⟩\} ⊑≀↕⊓⇕⌉ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⌊† ⊔⟨⌉ ≀⌋⊔∇⌉⌉ ⌋⊣\ ⌋⌉∇⊔⊣⟩\↕† √∇≀⊑⟩⌈⌉ ⟩\⌉∐⊓⊣↕⟩⊔† ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀\ ⊔⟨⌉ ⌈⌉{≀∇⇕⊣⌊↕⌉ ⇕≀⌈⌉↕⇔ ⌊⊓⊔ ⌋⊣\ ⟩⊔ ⊣↕∫≀ √∇≀⊑⟩⌈⌉ ⊓\⊣⇕⌊⟩}⊓≀⊓∫ ∫⊓∇{⊣⌋⌉ √≀∫⟩⊔⟩≀\∫ ⟩\ ⌋⌉∇⊔⊣⟩\ ⌋⊣∫⌉∫⊥ E⊣⌋⟨ ∇⊣† {∇≀⇕ ⊔⟨⌉ ⌋⊣⇕⌉∇⊣ √⊣∫∫⟩\} ⊔⟨∇≀⊓}⟨ ⊣ √⟩§⌉↕ ⟩\∫⟩⌈⌉ ⊔⟨⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉ ⇕⊓∫⊔ ⟨⟩⊔ ∫≀⇕⌉⊔⟨⟩\} ≀√⊣∐⊓⌉ ⟩\∫⟩⌈⌉ ⊣⊔ ↕⌉⊣∫⊔ ≀\⌉ ≀{ ⊔⟨⌉ ⌊↕⊣⌋‖ ⌋⊓⌊⌉∫ ⟩\ ⟩⊔∫ √⊣⊔⟨↙ I\ ⊔⟨⌉ }⌉\⌉∇⊣↕ ⌋⊣∫⌉⇔ ⊔⟨⟩∫ ≀⌋⌋⊓√⊣\⌋† ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ⌋≀⇕√↕⟩⌋⊣⊔⌉⌈ ⊔≀ ∇⌉√∇⌉∫⌉\⊔ ⊣\⌈ ⊓∫⌉↙ A ⇕≀∇⌉ √∇⊣⌋⊔⟩⌋⊣↕ ⊣√√∇≀⊣⌋⟨ ⟩∫ ⊔≀ ⊔∇⊣⌋‖ ⊔⟨⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉ ≀⊑⌉∇ ⊔⟨∇⌉⌉ ≀∇ ⇕≀∇⌉ {∇⊣⇕⌉∫ ⊔≀ ⌉∫⊔⟩⇕⊣⊔⌉ ⊔⟨⌉ ↕≀⌋⊣⊔⟩≀\ ⊣\⌈ ⌋⊓∇⊑⊣⊔⊓∇⌉ ≀{ √≀⟩\⊔∫ ≀\ ⊔⟨⌉ ∫⊓∇{⊣⌋⌉ ≀{ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ∪G⟩⌊↕⟩\ ⊣\⌈ W⌉⟩∫∫⇔ ∞∃∀∅ V⊣⟩↕↕⊣\⊔⇔ ∞∃∃′⊎↙

∞′ D⟩∫⌋⊓∫∫⟩≀\ ∈∋

∞′ D⟩∫⌋⊓∫∫⟩≀\

G⟩⊑⌉\ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ √⌉∇{≀∇⇕⊣\⌋⌉ ≀{ ≀⊓∇ ⊣↕}≀∇⟩⊔⟨⇕⇔ ⟩∫ ⟩⊔ {⊣⟩∇ ⊔≀ ⌋⊣↕↕ ⟩⊔ ⊣ ⊖∇⌉⊣↕↖⊔⟩⇕⌉⪰ ⇕⌉⊔⟨≀⌈⊥ T⟨⌉ ⇕⟩⌋∇≀⊒⊣⊑⌉ ⊔⊓∇\⊔⊣⌊↕⌉ ⊔⟨⊣⊔ ⊒⌉ ⊓∫⌉ ⊔≀ ∇≀⊔⊣⊔⌉ ≀⊓∇ ≀⌊|⌉⌋⊔ ⊔⊓∇\∫ ⊣⊔ ′↙▽ ∇⌉⊑≀↕⊓⊔⟩≀\∫ √⌉∇ ⇕⟩\⊓⊔⌉↙ T⟨⌉ ⊔⟩⇕⌉ ⊔≀ ⊣⌋∐⊓⟩∇⌉⇔ √∇≀⌋⌉∫∫⇔ ⊣\⌈ ⌈⟩∫√↕⊣† ⊣ ▽∞∈ × △∀′ ⟩⇕⊣}⌉ ≀\ ≀⊓∇ ⊒≀∇‖∫⊔⊣⊔⟩≀\ ⟩∫ ⊣⌊≀⊓⊔ ∞↙ ∫⌉⌋≀\⌈∫ √⌉∇ {∇⊣⇕⌉ {≀∇ ⊣⌈⊣√⊔⊣⊔⟩≀\ ⊣\⌈ ⊔⟨∇⌉∫⟨≀↕⌈⟩\}⇔ ⊣\⌈ ∋↙′ ∫⌉⌋≀\⌈∫ {≀∇ ⊣\ ⟩\⌋∇⌉⇕⌉\⊔⊣↕ ≀⌋⊔∇⌉⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ∫⊔⌉√ ≀{ ⇕≀⌈⌉∇⊣⊔⌉ ⌋≀⇕√↕⌉§⟩⊔† ⇐⟩\⌋↕⊓⌈⟩\} ⊔⟨⌉ ⌈⟩∫√↕⊣† ≀{ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⇕≀⌈⌉↕⇒↙ T⟨⟩∫ ⇕⌉⊣\∫ ⊔⟨⊣⊔ ⊒⌉ ⌋⊣\ √∇≀⌋⌉∫∫ ⊣⌊≀⊓⊔ △′ ⊑⟩⌉⊒∫ √⌉∇ ∇≀⊔⊣⊔⟩≀\⇔ ⊒⟨⟩⌋⟨ ⟩∫ √⌉∇{⌉⌋⊔↕† ⊣⌈⌉∐⊓⊣⊔⌉ {≀∇ ≀⌊⊔⊣⟩\⟩\} ⊣ ⌊≀⊓\⌈⟩\} ⊑≀↕⊓⇕⌉↙ I⌈⌉⊣↕↕†⇔ ⊒⌉ ⊒≀⊓↕⌈ ↕⟩‖⌉ ⊔≀ ∫√⌉⌉⌈ ⊓√ ⊔⟨⌉ ⊔⊓∇\⊔⊣⌊↕⌉ ∇≀⊔⊣⊔⟩≀\ ⇐⊣\⌈ ⊔⟨⌉ √∇≀⌋⌉∫∫⟩\}⇒ ⌊† ⊣ {⊣⌋⊔≀∇ ≀{ ∞′↙ T⟨⟩∫ ∫⟨≀⊓↕⌈ ⌊⌉ ⊣⌋⟨⟩⌉⊑⊣⌊↕⌉ ⊒⟩⊔⟨ ⊔⟨⌉ \⌉§⊔ }⌉\⌉∇⊣⊔⟩≀\ ≀{ {⊣∫⊔⌉∇ RISC √∇≀⌋⌉∫∫≀∇∫↙ B⌉⌋⊣⊓∫⌉ ≀⊓∇ ⊣↕}≀∇⟩⊔⟨⇕ ⟩∫ ⌉∫∫⌉\⊔⟩⊣↕↕† ⌈⊣⊔⊣ √⊣∇⊣↕↕⌉↕ ⇐⌊≀⊔⟨ ⊣⊔ ⊔⟨⌉ √⟩§⌉↕ ⊣\⌈ ⌋⊓⌊⌉ ↕⌉⊑⌉↕∫⇒⇔ ⟩⊔ ⊒≀⊓↕⌈ ⌊⌉ ⌉⊣∫† ⊔≀ ≀⌊⊔⊣⟩\ ⊔∇⊓⌉ ∇⌉⊣↕↖⊔⟩⇕⌉ √⌉∇{≀∇⇕⊣\⌋⌉ ⊒⟩⊔⟨ ⊣ SIMD √⊣∇⊣↕↕⌉↕ ⇕⊣⌋⟨⟩\⌉↙ A ⇕≀∇⌉ ⟩⇕√≀∇⊔⊣\⊔ ∐⊓⌉∫⊔⟩≀\ ⇕⟩}⟨⊔ ⌊⌉¬ ⟩∫ ≀⊓∇ ∫†∫⊔⌉⇕ ⊓∫⌉{⊓↕ ⊣\⌈ ⌉⊣∫† ⊔≀ ⊓∫⌉⊥ C≀⇕√⊣∇⌉⌈ ⊔≀ √∇⌉⊑⟩≀⊓∫ ≀⌋⊔∇⌉⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊣↕}≀∇⟩⊔⟨⇕∫⇔ ≀⊓∇ \⌉⊒ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ⊣√√∇≀⊣⌋⟨ ∇⌉∐⊓⟩∇⌉∫ ↕⌉∫∫ ⌋≀⇕√⊓⊔⊣⊔⟩≀\ ⌊⌉⌋⊣⊓∫⌉ ⟩⊔ ≀\↕† ⌉§⊣⇕⟩\⌉∫ ⊔⟨≀∫⌉ ⌋⊓⌊⌉∫ ⌋↕≀∫⌉ ⊔≀ ⊔⟨⌉ ∫⊓∇{⊣⌋⌉ ≀{ ⊔⟨⌉ ≀⌊|⌉⌋⊔↙ I⊔ √∇≀⊑⟩⌈⌉∫ ⊣ ⌋≀⊣∇∫⌉ ⇕≀⌈⌉↕ ≀{ ⊔⟨⌉ ≀⌋⊔∇⌉⌉ ∇⊣√⟩⌈↕†⇔ ⊒⟨⟩⌋⟨ ⟩⇕√∇≀⊑⌉∫ ⊣∫ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⌋≀\⊔⟩\⊓⌉∫ ⊔≀ ∇≀⊔⊣⊔⌉ ⟩\ {∇≀\⊔ ≀{ ⊔⟨⌉ ⌋⊣⇕⌉∇⊣↙ C≀⇕√⊣∇⌉⌈ ⊔≀ ⊔⟨⌉ ⊣↕⊔⌉∇\⊣⊔⟩⊑⌉∫ ≀{ ⇕⊣\⊓⊣↕↕† ⌉\⊔⌉∇⟩\} ⊣ ⇕≀⌈⌉↕ ⊓∫⟩\} ⊣ ∋↖D √≀⟩\⊔⌉∇ ≀∇ ⊓∫⟩\} ∫⊔∇⊓⌋⊔⊓∇⌉⌈ ↕⟩}⟨⊔⇔ ≀⊓∇ ∫†∫⊔⌉⇕ ⟩∫ ⌉⊣∫⟩⌉∇ ⊔≀ ⊓∫⌉ ⊣\⌈ ∇⌉∐⊓⟩∇⌉∫ ↕⌉∫∫ ⌉∐⊓⟩√⇕⌉\⊔↙ H≀⊒⌉⊑⌉∇⇔ ⟩⊔ ∫⊔⟩↕↕ ⟨⊣∫ ⊔⟨⌉ ∫⊣⇕⌉ ↕⟩⇕⟩⊔⊣⊔⟩≀\ ⊣∫ √∇⌉⊑⟩≀⊓∫ ∫⟩↕⟨≀⊓⌉⊔⊔⌉↖⌊⊣∫⌉⌈ ⊣↕}≀∇⟩⊔⟨⇕∫⇔ ∫⊓⌋⟨ ⊣∫ ⊣ ↕⟩⇕⟩⊔⌉⌈ √∇⌉⌋⟩∫⟩≀\ ⊣\⌈ ⊔⟨⌉ ⟩\⊣⌊⟩↕⟩⊔† ⊔≀ ⌈⌉⊔⌉⌋⊔ ⌋≀\⌋⊣⊑⟩⊔⟩⌉∫ ⟩\ ⊔⟨⌉ ≀⌊|⌉⌋⊔↙ T≀ ⌊⌉ ⊔∇⊓↕† ⊓∫⌉{⊓↕⇔ ≀⊓∇ ⇕⌉⊔⟨≀⌈ ⊒⟩↕↕ ⟨⊣⊑⌉ ⊔≀ ⌊⌉ ⌋≀⇕⌊⟩\⌉⌈ ⊒⟩⊔⟨ ⇕≀∇⌉ ∫≀√⟨⟩∫⊔⟩⌋⊣⊔⌉⌈ ∫⟨⊣√⌉ {∇≀⇕ ⇕≀⊔⟩≀\ ⊣↕}≀∇⟩⊔⟨⇕∫ ⊔⟨⊣⊔ ⊔∇⊣⌋‖ ∫⊓∇{⊣⌋⌉ ⇕⊣∇‖⟩\}∫ ≀\ ⊔⟨⌉ ≀⌊|⌉⌋⊔↙ A∫ √⊣∇⊔ ≀{ ∫⊓⌋⟨ ⊣ ∫⟨⊣√⌉ {∇≀⇕ ∇≀⊔⊣⊔⟩≀\ ∫†∫⊔⌉⇕⇔ ⟩⊔ ⌋⊣\ ∐⊓⟩⌋‖↕† ⊣\⌈ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕† √∇≀⊑⟩⌈⌉ ∋↖D ∫⟨⊣√⌉ ⌈⌉∫⌋∇⟩√⊔⟩≀\∫ ≀{ ∇⌉⊣↕ ≀⌊|⌉⌋⊔ {≀∇ }⌉≀⇕⌉⊔∇⟩⌋ ⇕≀⌈⌉↕⟩\} ⊣√√↕⟩⌋⊣⊔⟩≀\∫↙

∈△ ∞′ D⟩∫⌋⊓∫∫⟩≀\ R⌉{⌉∇⌉\⌋⌉∫ ∪A⟨⊓|⊣ ⊣\⌈ N⊣∫⟨⇔ ∞∃∀△⊎ N↙ A⟨⊓|⊣ ⊣\⌈ C↙ N⊣∫⟨↙ O⌋⊔∇⌉⌉ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ≀{ ⇕≀⊑⟩\} ≀⌊|⌉⌋⊔∫↙ C≀⇕√⊓⊔⌉∇ V⟩∫⟩≀\⇔ G∇⊣√⟨⟩⌋∫⇔ ⊣\⌈ I⇕⊣}⌉ P∇≀⌋⌉∫∫⟩\}⇔ ∈¬̸∈′∘∈∞⇎ ∞∃∀△↙ ∪B⊣↕↕⊣∇⌈ ⊣\⌈ B∇≀⊒\⇔ ∞∃∀∈⊎ D↙ H↙ B⊣↕↕⊣∇⌈ ⊣\⌈ C↙ M↙ B∇≀⊒\↙ C≀⇕√⊓⊔⌉∇ V⟩∫⟩≀\↙ P∇⌉\⊔⟩⌋⌉↖ H⊣↕↕⇔ E\}↕⌉⊒≀≀⌈ C↕⟩{{∫⇔ N⌉⊒ J⌉∇∫⌉†⇔ ∞∃∀∈↙ ∪C⊣√∇⟩↕⌉ ⊣\⌈ T≀∇∇⌉⇔ ∞∃∃′⊎ B↙ C⊣√∇⟩↕⌉ ⊣\⌈ V↙ T≀∇∇⌉↙ U∫⟩\} ⊑⊣\⟩∫⟨⟩\} √≀⟩\⊔∫ {≀∇ ⌋⊣⇕⌉∇⊣ ⌋⊣↕⟩⌊∇⊣⊔⟩≀\↙ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ J≀⊓∇\⊣↕ ≀{ C≀⇕√⊓⊔⌉∇ V⟩∫⟩≀\⇔ △⇐∈⇒¬∞∈∘∞∋∃⇔ M⊣∇⌋⟨ ∞∃∃′↙ ∪C⊣∇↕⌊≀⇕ ⌉⊔ ⊣↕↙⇔ ∞∃∀▽⊎ I↙ C⊣∇↕⌊≀⇕⇔ I↙ C⟨⊣∇‖∇⊣⊑⊣∇⊔†⇔ ⊣\⌈ D↙ V⊣\⌈⌉∇∫⌋⟨⌉↕↙ A ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ⌈⊣⊔⊣ ∫⊔∇⊓⌋⊔⊓∇⌉ {≀∇ ∇⌉√∇⌉∫⌉\⊔⟩\} ⊔⟨⌉ ∫√⊣⊔⟩⊣↕ ⌈⌉⌋≀⇕√≀∫⟩⊔⟩≀\ ≀{ ∋↖D ≀⌊|⌉⌋⊔∫↙ IEEE C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫ ⊣\⌈ A√√↕⟩⌋⊣⊔⟩≀\∫⇔ ▽⇐△⇒¬∈△∘∋∞⇔ ∞∃∀▽↙ ∪C⟨⌉\ ⊣\⌈ H⊓⊣\}⇔ ∞∃∀∀⊎ H↙ H↙ C⟨⌉\ ⊣\⌈ T↙ S↙ H⊓⊣\}↙ A ∫⊓∇⊑⌉† ≀{ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊣\⌈ ⇕⊣\⟩√⊓↕⊣⊔⟩≀\ ≀{ ≀⌋⊔∇⌉⌉∫↙ C≀⇕√⊓⊔⌉∇ V⟩∫⟩≀\⇔ G∇⊣√⟨⟩⌋∫⇔ ⊣\⌈ I⇕⊣}⌉ P∇≀⌋⌉∫∫⟩\}⇔ △∋¬△′∃∘ △∋∞⇔ ∞∃∀∀↙ ∪C⟨⟩⌉\ ⊣\⌈ A}}⊣∇⊒⊣↕⇔ ∞∃∀⊣̸⊎ C↙ H↙ C⟨⟩⌉\ ⊣\⌈ J↙ K↙ A}}⊣∇⊒⊣↕↙ I⌈⌉\⊔⟩⊘⌋⊣⊔⟩≀\ ≀{ ∋D ≀⌊|⌉⌋⊔∫ {∇≀⇕ ⇕⊓↕⊔⟩√↕⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉∫ ⊓∫⟩\} ∐⊓⊣⌈⊔∇⌉⌉∫ ∝ ≀⌋⊔∇⌉⌉∫↙ C≀⇕√⊓⊔⌉∇ V⟩∫⟩≀\⇔ G∇⊣√⟨⟩⌋∫⇔ ⊣\⌈ I⇕⊣}⌉ P∇≀⌋⌉∫∫⟩\}⇔ ∋¬̸∈▽∘̸∈∋⇔ ∞∃∀↙̸ ∪C⟨⟩⌉\ ⊣\⌈ A}}⊣∇⊒⊣↕⇔ ∞∃∀⌊̸⊎ C↙ H↙ C⟨⟩⌉\ ⊣\⌈ J↙ K↙ A}}⊣∇⊒⊣↕↙ V≀↕⊓⇕⌉∝∫⊓∇{⊣⌋⌉ ≀⌋⊔∇⌉⌉∫ {≀∇ ⊔⟨⌉ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ≀{ ⊔⟨∇⌉⌉↖⌈⟩⇕⌉\∫⟩≀\⊣↕ ≀⌊|⌉⌋⊔∫↙ C≀⇕√⊓⊔⌉∇ V⟩∫⟩≀\⇔ G∇⊣√⟨⟩⌋∫⇔ ⊣\⌈ I⇕⊣}⌉ P∇≀⌋⌉∫∫⟩\}⇔ ∋¬̸∞′′∘∞∞∋⇔ ∞∃∀↙̸ ∪C⟨⟩⌉\ ⌉⊔ ⊣↕↙⇔ ∞∃∀∀⊎ C↙ H↙ C⟨⟩⌉\⇔ Y↙ B↙ S⟩⇕⇔ ⊣\⌈ J↙ K↙ A}}⊣∇⊒⊣↕↙ G⌉\⌉∇⊣⊔⟩≀\ ≀{ ⊑≀↕↖ ⊓⇕⌉∝∫⊓∇{⊣⌋⌉ ≀⌋⊔∇⌉⌉ {∇≀⇕ ∇⊣\}⌉ ⌈⊣⊔⊣↙ I\ IEEE C≀⇕√⊓⊔⌉∇ S≀⌋⟩⌉⊔† C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕↖ √⊓⊔⌉∇ V⟩∫⟩≀\ ⊣\⌈ P⊣⊔⊔⌉∇\ R⌉⌋≀}\⟩⊔⟩≀\ ⇐CVPR≃∀∀⇒⇔ √⊣}⌉∫ ∈▽△∘∈′̸⇔ IEEE C≀⇕√⊓⊔⌉∇ S≀⌋⟩⌉⊔† P∇⌉∫∫⇔ A\\ A∇⌊≀∇⇔ M⟩⌋⟨⟩}⊣\⇔ J⊓\⌉ ∞∃∀∀↙ ∪C↕⊣∇‖⇔ ∞∃∀∈⊎ J↙ H↙ C↕⊣∇‖↙ T⟨⌉ }⌉≀⇕⌉⊔∇† ⌉\}⟩\⌉¬ ⊣ VLSI }⌉≀⇕⌉⊔∇† ∫†∫⊔⌉⇕ {∇≀⇕ }∇⊣√⟨⟩⌋∫↙ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫ ⇐SIGGRAPH≃∀⇒⇔ ∞⇍∋⇒¬▽̸∘∈⇔ J⊓\⌉ ∞∃∀∈↙

∞′ D⟩∫⌋⊓∫∫⟩≀\ ∈▽ ∪G⟩⌊↕⟩\ ⊣\⌈ W⌉⟩∫∫⇔ ∞∃∀⊎ P↙ G⟩⌊↕⟩\ ⊣\⌈ R↙ W⌉⟩∫∫↙ R⌉⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ≀{ ∫⊓∇{⊣⌋⌉∫ {∇≀⇕ √∇≀⊘↕⌉∫↙ I\ F⟩∇∫⊔ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇ V⟩∫⟩≀\ ⇐ICCV≃∀⇒⇔ √⊣}⌉∫ ∞∋∘̸∞△△⇔ IEEE C≀⇕√⊓⊔⌉∇ S≀⌋⟩⌉⊔† P∇⌉∫∫⇔ L≀\⌈≀\⇔ E\}↕⊣\⌈⇔ J⊓\⌉ ∞∃∀↙ ∪H≀\} ⊣\⌈ S⟨\⌉⟩⌉∇⇔ ∞∃∀▽⊎ T↙↖H↙ H≀\} ⊣\⌈ M↙ O↙ S⟨\⌉⟩⌉∇↙ D⌉∫⌋∇⟩⌊⟩\} ⊣ ∇≀⌊≀⊔≃∫ ⊒≀∇‖∫√⊣⌋⌉ ⊓∫⟩\} ⊣ ∫⌉∐⊓⌉\⌋⌉ ≀{ ⊑⟩⌉⊒∫ {∇≀⇕ ⊣ ⇕≀⊑⟩\} ⌋⊣⇕⌉∇⊣↙ IEEE T∇⊣\∫⊣⌋⊔⟩≀\∫ ≀\ P⊣⊔⊔⌉∇\ A\⊣↕†∫⟩∫ ⊣\⌈ M⊣⌋⟨⟩\⌉ I\⊔⌉↕↕⟩}⌉\⌋⌉⇔ PAMI↖⇐⇏¬∈∞∘∈⇎ N≀⊑⌉⇕⌊⌉∇ ∞∃∀▽↙ ∪J⊣⌋‖⟩\∫ ⊣\⌈ T⊣\⟩⇕≀⊔≀⇔ ∞∃∀′⊎ C↙ L↙ J⊣⌋‖⟩\∫ ⊣\⌈ S↙ L↙ T⊣\⟩⇕≀⊔≀↙ O⌋⊔↖⊔∇⌉⌉∫ ⊣\⌈ ⊔⟨⌉⟩∇ ⊓∫⌉ ⟩\ ∇⌉√∇⌉∫⌉\⊔⟩\} ⊔⟨∇⌉⌉↖⌈⟩⇕⌉\∫⟩≀\⊣↕ ≀⌊|⌉⌋⊔∫↙ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫⇔ ⊣\⌈ I⇕⊣}⌉ P∇≀⌋⌉∫∫⟩\}⇔ ∞△¬∈△∃∘∈′⇔ ∞∃∀′↙ ∪M⊣∇⊔⟩\ ⊣\⌈ A}}⊣∇⊒⊣↕⇔ ∞∃∀∋⊎ W↙ N↙ M⊣∇⊔⟩\ ⊣\⌈ J↙ K↙ A}}⊣∇⊒⊣↕↙ V≀↕⊓⇕⌉⊔∇⟩⌋ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ≀{ ≀⌊|⌉⌋⊔∫ {∇≀⇕ ⇕⊓↕⊔⟩√↕⌉ ⊑⟩⌉⊒∫↙ IEEE T∇⊣\∫⊣⌋⊔⟩≀\∫ ≀\ P⊣⊔⊔⌉∇\ A\⊣↕†∫⟩∫ ⊣\⌈ M⊣⌋⟨⟩\⌉ I\⊔⌉↕↕⟩}⌉\⌋⌉⇔ PAMI↖▽⇐∈⇒¬∞▽′∘∞▽∀⇔ M⊣∇⌋⟨ ∞∃∀∋↙ ∪M⊣⊔⊔⟨⟩⌉∫ ⌉⊔ ⊣↕↙⇔ ∞∃∀∃⊎ L↙ H↙ M⊣⊔⊔⟨⟩⌉∫⇔ T↙ K⊣\⊣⌈⌉⇔ ⊣\⌈ R↙ S‡⌉↕⟩∫‖⟩↙ K⊣↕⇕⊣\ ⊘↕⊔⌉∇↖⌊⊣∫⌉⌈ ⊣↕}≀∇⟩⊔⟨⇕∫ {≀∇ ⌉∫⊔⟩⇕⊣⊔⟩\} ⌈⌉√⊔⟨ {∇≀⇕ ⟩⇕⊣}⌉ ∫⌉∐⊓⌉\⌋⌉∫↙ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ J≀⊓∇\⊣↕ ≀{ C≀⇕√⊓⊔⌉∇ V⟩∫⟩≀\⇔ ∋¬∈′∃∘∈∋⇎ ∞∃∀∃↙ ∪M⌉⊣}⟨⌉∇⇔ ∞∃∀∈⊎ D↙ M⌉⊣}⟨⌉∇↙ G⌉≀⇕⌉⊔∇⟩⌋ ⇕≀⌈⌉↕⟩\} ⊓∫⟩\} ≀⌋⊔∇⌉⌉ ⌉\⌋≀⌈⟩\}↙ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫⇔ ⊣\⌈ I⇕⊣}⌉ P∇≀⌋⌉∫∫⟩\}⇔ ∞∃¬∞∈∃∘∞△⇔ ∞∃∀∈↙ ∪N≀⌊≀∇⟩≀ ⌉⊔ ⊣↕↙⇔ ∞∃∀∀⊎ H↙ N≀⌊≀∇⟩≀⇔ S↙ F⊓‖⊣⌈⊣⇔ ⊣\⌈ S↙ A∇⟩⇕≀⊔≀↙ C≀\∫⊔∇⊓⌋⊔⟩≀\ ≀{ ⊔⟨⌉ ≀⌋⊔∇⌉⌉ ⊣√√∇≀§⟩⇕⊣⊔⟩\} ⊔⟨∇⌉⌉↖⌈⟩⇕⌉\∫⟩≀\⊣↕ ≀⌊|⌉⌋⊔∫ ⌊† ⊓∫⟩\} ⇕⊓↕⊔⟩√↕⌉ ⊑⟩⌉⊒∫↙ IEEE T∇⊣\∫⊣⌋↖ ⊔⟩≀\∫ ≀\ P⊣⊔⊔⌉∇\ A\⊣↕†∫⟩∫ ⊣\⌈ M⊣⌋⟨⟩\⌉ I\⊔⌉↕↕⟩}⌉\⌋⌉⇔ PAMI↖∞′⇐⇏¬∄∘∀∈⇔ N≀⊑⌉⇕⌊⌉∇ ∞∃∀∀↙ ∪P⌉\⊔↕⊣\⌈⇔ ∞∃∀⊎̸ A↙ P↙ P⌉\⊔↕⊣\⌈↙ P⌉∇⌋⌉√⊔⊓⊣↕ ≀∇}⊣\⟩‡⊣⊔⟩≀\ ⊣\⌈ ⊔⟨⌉ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ≀{ \⊣⊔⊓∇⊣↕ {≀∇⇕↙ A∇⊔⟩⊘⌋⟩⊣↕ I\⊔⌉↕↕⟩}⌉\⌋⌉⇔ ∈∀⇐∋⇒¬∈∃∋∘∋∋∞⇔ M⊣† ∞∃∀↙̸ ∪P≀⊔⇕⌉∫⟩↕⇔ ∞∃∀⊎ M↙ P≀⊔⇕⌉∫⟩↕↙ G⌉\⌉∇⊣⊔⟩\} ≀⌋⊔∇⌉⌉ ⇕≀⌈⌉↕∫ ≀{ ∋D ≀⌊|⌉⌋⊔∫ {∇≀⇕ ⊔⟨⌉⟩∇ ∫⟩↕⟨≀⊓↖ ⌉⊔⊔⌉∫ ⟩\ ⊣ ∫⌉∐⊓⌉\⌋⌉ ≀{ ⟩⇕⊣}⌉∫↙ C≀⇕√⊓⊔⌉∇ V⟩∫⟩≀\⇔ G∇⊣√⟨⟩⌋∫⇔ ⊣\⌈ I⇕⊣}⌉ P∇≀⌋⌉∫∫⟩\}⇔ △′¬∞∘∈∃⇔ ∞∃∀↙

∈ ̸∞′ D⟩∫⌋⊓∫∫⟩≀\ ∪R≀∫⌉\{⌉↕⌈ ⊣\⌈ K⊣‖⇔ ∞∃⊎̸ A↙ R≀∫⌉\{⌉↕⌈ ⊣\⌈ A↙ C↙ K⊣‖↙ D⟩}⟩⊔⊣↕ P⟩⌋⊔⊓∇⌉ P∇≀⌋⌉∫∫⟩\}↙ A⌋⊣↖ ⌈⌉⇕⟩⌋ P∇⌉∫∫⇔ N⌉⊒ Y≀∇‖⇔ N⌉⊒ Y≀∇‖⇔ ∞∃↙̸ ∪S⊣⇕⌉⊔⇔ ∞∃∀∃⊎ H↙ S⊣⇕⌉⊔↙ T⟨⌉ D⌉∫⟩}\ ⊣\⌈ A\⊣↕†∫⟩∫ ≀{ S√⊣⊔⟩⊣↕ D⊣⊔⊣ S⊔∇⊓⌋⊔⊓∇⌉∫↙ A⌈⌈⟩∫≀\↖ W⌉∫↕⌉†⇔ R⌉⊣⌈⟩\}⇔ M⊣∫∫⊣⌋⟨⊓∫⌉⊔⊔∫⇔ ∞∃∀∃↙ ∪S⊣⊒⟨\⌉† ⌉⊔ ⊣↕↙⇔ ∞∃∃′⊎ H↙ S↙ S⊣⊒⟨\⌉†⇔ J↙ O↕⟩⌉\∫⟩∫⇔ ⊣\⌈ A↙ R↙ H⊣\∫≀\↙ D⌉∫⌋∇⟩√⊔⟩≀\ ⊣\⌈ ∇⌉⌋≀\∫⊔∇⊓⌋⊔⟩≀\ {∇≀⇕ ⟩⇕⊣}⌉ ⊔∇⊣|⌉⌋⊔≀∇⟩⌉∫ ≀{ ∇≀⊔⊣⊔⟩≀\⊣↕ ⇕≀⊔⟩≀\↙ I\ T⟨⟩∇⌈ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇ V⟩∫⟩≀\ ⇐ICCV≃∃′⇒⇔ √⊣}⌉∫ △∃△∘△∃∀⇔ IEEE C≀⇕√⊓⊔⌉∇ S≀⌋⟩⌉⊔† P∇⌉∫∫⇔ O∫⊣‖⊣⇔ J⊣√⊣\⇔ D⌉⌋⌉⇕⌊⌉∇ ∞∃∃′↙ ∪S≀↕⟩\⊣ ⊣\⌈ B⊣|⌋∫†⇔ ∞∃∃′⊎ F↙ S≀↕⟩\⊣ ⊣\⌈ R↙ B⊣|⌋∫†↙ R⌉⌋≀⊑⌉∇† ≀{ √⊣∇⊣⇕⌉⊔∇⟩⌋ ⇕≀⌈⌉↕∫ {∇≀⇕ ∇⊣\}⌉ ⟩⇕⊣}⌉∫¬ ⊔⟨⌉ ⌋⊣∫⌉ {≀∇ ∫⊓√⌉∇∐⊓⊣⌈∇⟩⌋∫ ⊒⟩⊔⟨ }↕≀⌊⊣↕ ⌈⌉{≀∇⇕⊣⊔⟩≀\∫↙ IEEE T∇⊣\∫⊣⌋⊔⟩≀\∫ ≀\ P⊣⊔⊔⌉∇\ A\⊣↕†∫⟩∫ ⊣\⌈ M⊣⌋⟨⟩\⌉ I\⊔⌉↕↕⟩}⌉\⌋⌉⇔ ∞∈⇐∈⇒¬∞∋∞∘∞△⇔ F⌉⌊∇⊓⊣∇† ∞∃∃′↙ ∪S∇⟩⊑⊣∫⊔⊣⊑⊣ ⊣\⌈ A⟨⊓|⊣⇔ ∞∃∃′⊎ S↙ K↙ S∇⟩⊑⊣∫⊔⊣⊑⊣ ⊣\⌈ N↙ A⟨⊓|⊣↙ O⌋⊔∇⌉⌉ }⌉\⌉∇⊣⊔⟩≀\ {∇≀⇕ ≀⌊|⌉⌋⊔ ∫⟩↕⟨≀⊓⌉⊔⊔⌉∫ ⟩\ √⌉∇∫√⌉⌋⊔⟩⊑⌉ ⊑⟩⌉⊒∫↙ C≀⇕√⊓⊔⌉∇ V⟩∫⟩≀\⇔ G∇⊣√⟨⟩⌋∫⇔ ⊣\⌈ I⇕⊣}⌉ P∇≀⌋⌉∫∫⟩\}⇔ △∃¬∀̸∘∀△⇔ ∞∃∃′↙ ∪S‡⌉↕⟩∫‖⟩⇔ ∞∃∃′⊎ R↙ S‡⌉↕⟩∫‖⟩↙ S⟨⊣√⌉ {∇≀⇕ R≀⊔⊣⊔⟩≀\↙ T⌉⌋⟨\⟩⌋⊣↕ R⌉√≀∇⊔ ∃′∝∞∋⇔ D⟩}⟩⊔⊣↕ E∐⊓⟩√↖ ⇕⌉\⊔ C≀∇√≀∇⊣⊔⟩≀\⇔ C⊣⇕⌊∇⟩⌈}⌉ R⌉∫⌉⊣∇⌋⟨ L⊣⌊⇔ D⌉⌋⌉⇕⌊⌉∇ ∞∃∃′↙ F≀∇ ≀∇⌈⌉∇⟩\} ⟩\{≀∇⇕⊣↖ ⊔⟩≀\⇔ √↕⌉⊣∫⌉ ∫⌉\⌈ ⊣ ⇕⌉∫∫⊣}⌉ ⊔≀ ⊔⌉⌋⟨∇⌉√≀∇⊔∫ℵ⌋∇↕↙⌈⌉⌋↙⌋≀⇕ ⊒⟩⊔⟨ ⊔⟨⌉ ⊒≀∇⌈ ⟨⌉↕√ ⟩\ ⊔⟨⌉ S⊓⌊|⌉⌋⊔ ↕⟩\⌉↙ ∪V⊣⟩↕↕⊣\⊔⇔ ∞∃∃′⊎ R↙ V⊣⟩↕↕⊣\⊔↙ U∫⟩\} ≀⌋⌋↕⊓⌈⟩\} ⌋≀\⊔≀⊓∇∫ {≀∇ ∋D ≀⌊|⌉⌋⊔ ⇕≀⌈⌉↕⟩\}↙ I\ F⟩∇∫⊔ E⊓∇≀√⌉⊣\ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇ V⟩∫⟩≀\ ⇐ECCV≃∃′⇒⇔ √⊣}⌉∫ △▽△∘△△̸⇔ S√∇⟩\}⌉∇↖ V⌉∇↕⊣}⇔ A\⊔⟩⌊⌉∫⇔ F∇⊣\⌋⌉⇔ A√∇⟩↕ ∈∋∘∈ ∞∃∃′↙ ∪V⌉⌉\∫⊔∇⊣ ⊣\⌈ A⟨⊓|⊣⇔ ∞∃∀⊎̸ J↙ V⌉⌉\∫⊔∇⊣ ⊣\⌈ N↙ A⟨⊓|⊣↙ E{⊘⌋⟩⌉\⊔ ≀⌋⊔∇⌉⌉ }⌉\⌉∇⊣⊔⟩≀\ {∇≀⇕ ∫⟩↕⟨≀⊓⌉⊔⊔⌉∫↙ I\ IEEE C≀⇕√⊓⊔⌉∇ S≀⌋⟩⌉⊔† C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇ V⟩∫⟩≀\ ⊣\⌈ P⊣⊔⊔⌉∇\ R⌉⌋≀}\⟩⊔⟩≀\ ⇐CVPR≃∀⇏⇔ √⊣}⌉∫ ▽∋∘▽△∈⇔ IEEE C≀⇕√⊓⊔⌉∇ S≀⌋⟩⌉⊔† P∇⌉∫∫⇔ M⟩⊣⇕⟩ B⌉⊣⌋⟨⇔ F↕≀∇⟩⌈⊣⇔ J⊓\⌉ ∞∃∀↙̸ ∪W⌉\} ⊣\⌈ A⟨⊓|⊣⇔ ∞∃∀⊎ J↙ W⌉\} ⊣\⌈ N↙ A⟨⊓|⊣↙ O⌋⊔∇⌉⌉ ≀{ ≀⌊|⌉⌋⊔∫ ⟩\ ⊣∇⌊⟩⊔∇⊣∇† ⇕≀⊔⟩≀\¬

A S⌉∇⟩⊣↕ ⊣\⌈ √⊣∇⊣↕↕⌉↕ ⟨⊣↕{↖⌈⟩∫⊔⊣\⌋⌉ ⊔∇⊣\∫{≀∇⇕∫ ∈ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ⊣\⌈ ⌉{⊘⌋⟩⌉\⌋†↙ C≀⇕√⊓⊔⌉∇ V⟩∫⟩≀\⇔ G∇⊣√⟨⟩⌋∫⇔ ⊣\⌈ I⇕⊣}⌉ P∇≀⌋⌉∫∫⟩\}⇔ ∋∃¬∞∘̸∞∀▽⇔ ∞∃∀↙

A S⌉∇⟩⊣↕ ⊣\⌈ √⊣∇⊣↕↕⌉↕ ⟨⊣↕{↖⌈⟩∫⊔⊣\⌋⌉ ⊔∇⊣\∫{≀∇⇕∫ O⊓∇ ≀⌋⊔∇⌉⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊣↕}≀∇⟩⊔⟨⇕ ⊓∫⌉∫ ⊔⟨⌉ ⟨⊣↕{↖⌈⟩∫⊔⊣\⌋⌉ ⊔∇⊣\∫{≀∇⇕ ⊔≀ ⊔⌉∫⊔ ⊔⟨⌉ ⌊≀⊓\⌈⟩\} ⌊≀§⌉∫ ≀{ √∇≀|⌉⌋⊔⌉⌈ ⌋⊓⌊⌉∫ ⊣}⊣⟩\∫⊔ ⊔⟨⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉ ⟩⇕⊣}⌉∫↙ T⟨⌉ ⟨⊣↕{↖⌈⟩∫⊔⊣\⌋⌉ ⊔∇⊣\∫{≀∇⇕ ⟩∫ ⊣ ≀\⌉↖∫⟩⌈⌉⌈ ⊑⌉∇∫⟩≀\ ≀{ ⊔⟨⌉ ⌋⟨⌉∫∫⌊≀⊣∇⌈ ⌈⟩∫⊔⊣\⌋⌉ ⊔∇⊣\∫{≀∇⇕ ∪R≀∫⌉\{⌉↕⌈ ⊣\⌈ K⊣‖⇔ ∞∃⊎̸↙ G⟩⊑⌉\ ⊣ ⌊⟩\⊣∇† ⟩⇕⊣}⌉⇔ ⟩⊔ ⌋≀⇕√⊓⊔⌉∫ {≀∇ ⌉⊣⌋⟨ √⟩§⌉↕ ⊔⟨⌉ ∫⟩‡⌉ ≀{ ⊔⟨⌉ ↕⊣∇}⌉∫⊔ ⊣↕↕ ≀\⌉∫ ∫∐⊓⊣∇⌉ ∫⊔⊣∇⊔⟩\} ⊣⊔ ⊔⟨⊣⊔ √⟩§⌉↕↙ T⟨⌉ ∫⌉∇⟩⊣↕ ⊑⌉∇∫⟩≀\ ≀{ ⊔⟨⌉ ⊣↕}≀∇⟩⊔⟨⇕ ⌋≀⇕√⊓⊔⌉∫ f^{(1)}(i, j) = min(f^{(0)}(i, j), 1 + min_{(u,v)∈N3}f^{(1)}(i + u, j + v))

in reverse raster order, where f^{(0)}(i, j) is the input binary image, and N3 = {(0, 1), (1, 0), (1, 1)}↙ A ∫⟩⇕√↕⌉ √⊣∇⊣↕↕⌉↕ ⊑⌉∇∫⟩≀\ ≀{ ⊔⟨⌉ ⊣↕}≀∇⟩⊔⟨⇕ ⌋⊣\ ⌊⌉ ⌈∇⟩⊑⌉⌈ {∇≀⇕ ⊔⟨⌉ PD ⊣↕}≀∇⟩⊔⟨⇕ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ ∪R≀∫⌉\{⌉↕⌈ ⊣\⌈ K⊣‖⇔ ∞∃⇎ √↙ ∋▽⊎̸ f^{(m+1)}(i, j) = f^{(0)}(i, j) + min_{(u,v)∈N4}f^{(m)}(i + u, j + v), where N4 = {(0, 0), (0, 1), (1, 0), (1, 1)}↙ T⟨⟩∫ ⊣↕}≀∇⟩⊔⟨⇕ ⊔⊣‖⌉∫ d steps to converge where d is the diameter of the largest region ↼the maximum value in the distance map↽▷ A variant on this algorithm is f^{(m+1)}(i, j) = min(f^{(m)}(i, j), 1 + min_{(u,v)∈N3} f^{(m)}(i + u, j + v)), where initially f^{(0)}(i, j) are set to 0 or ∞ {≀∇ √⟩§⌉↕∫ ≀⊓⊔∫⟩⌈⌉∝⟩\∫⟩⌈⌉ ⊔⟨⌉ ∫⟩↕⟨≀⊓⌉⊔⊔⌉↙ A ∐⊓⟩⌋‖⌉∇ ⊑⌉∇∫⟩≀\ ≀{ ⊔⟨⌉ √∇⌉⌋⌉⌈⟩\} √⊣∇⊣↕↕⌉↕ ⊣↕}≀∇⟩⊔⟨⇕ ⊓∫⌉∫ ∈ ↕≀} d steps f^{(2m+1)}(i, j) = min(f^{(2m)}(i, j), s + min_{(u,v)∈N2}f^{(2m)}(i + su, j + sv)) f^{(2m+2)}(i, j) = min(f^{(2m+1)}(i, j), s + f^{(2m+1)}(i + s, j + s)), where s = 2^m and N 2 = {(0, 1), (1, 0)}↙ T⟨⟩∫ ⊣↕}≀∇⟩⊔⟨⇕ ⌈≀⊓⌊↕⌉∫ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ ⊔≀ ⊔⟨⌉ \⌉⟩}⟨⌊≀∇∫ ⌉⊑⌉∇† ⊔⊒≀ ⟩⊔⌉∇⊣⊔⟩≀\∫↙ I{ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ √⊣∇⊣↕↕⌉↕ √∇≀⌋⌉∫∫≀∇ ⊣⊑⊣⟩↕⊣⌊↕⌉ ⟩∫ ↕⌉∫∫ ⊔⟨⊣\ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ √⟩§⌉↕∫�{≀∇ ⌉§⊣⇕√↕⌉ ⊒⟨⌉\ ⊓∫⟩\} ⊣ MIMD ⇕⊣⌋⟨⟩\⌉ ≀∇ ⊣ ∫⇕⊣↕↕⌉∇ SIMD ⊣∇∇⊣†�⟩⊔ √⊣†∫ ⊔≀ ∇⌉⌈⊓⌋⌉ ⊔⟨⌉ ⊔≀⊔⊣↕ ⊣⇕≀⊓\⊔ ≀{ ⌋≀⇕√⊓⊔⊣⊔⟩≀\ √⌉∇{≀∇⇕⌉⌈↙ I\ ⊔⟨⟩∫ ⌋⊣∫⌉⇔ ⊒⌉ ⌋⊣\ ⊓∫⌉ ⊣ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ⊑⌉∇∫⟩≀\ ≀{ ⊔⟨⌉ √⊣∇⊣↕↕⌉↕ ⟨⊣↕{↖⌈⟩∫⊔⊣\⌋⌉ ⊣↕}≀∇⟩⊔⟨⇕↙ W⌉ ⊓∫⌉ ⊔⟨⌉ {≀↕↕≀⊒⟩\} √†∇⊣⇕⟩⌈⊣↕ ⊣↕}≀∇⟩⊔⟨⇕ f^{(2m+1)}(s_xi, s_yj) = min(f^{(2m)}(s_xi, s_yj), s + min_{(u,v)∈N2} f^{(2m)}(s_xi + su, s_yj + sv)) f^{(2m+2)}(s_xi, s_yj) = min(f^{(2m+1)}(s_xi, s_yj), s + f^{(2m+1)}(s_xi + s, s_yj + s)) in two ffne-to-coarse-to-ffne sweeps. In the ffrst sweep, s_y = 1, and s_x = s = 2^m going up the pyramid and s x = s = 2(2M −m) going down, where M = log 2d is the height of the pyramid▷ In the second sweep the roles of s_x and s_y are reversed▷ This algorithm αrst propagates the distances horizontally and diagonally subsampling the points by 2 horizontally▷ The algorithm then repeats the procedure subsampling vertically▷ Because the number of points being updated is reduced by 2 every 2 steps the total number of operations is O(n).

B Templates for Gray coded positioning ring and calibration cube Figures 9 and 10 show the patterns used for the 8-bit turntable position encoding ring (suit- able for the 9˚ mini MICRO-GO-ROUNDR◯⊔⊓∇\⊔⊣⌊↕⌉⇒ ⊣\⌈ ⊔⟨⌉ △^{′′} × △^{′′} ⌋⊣↕⟩⌊∇⊣⊔⟩≀\ ⌋⊓⌊⌉↙ B≀⊔⟨ ⊘}⊓∇⌉∫ ∫⟨≀⊒ ⊔⟨⌉ √⊣⊔⊔⌉∇\∫ ⊣⊔ ⟨⊣↕{ ∫⌋⊣↕⌉↙ F⊓↕↕ ∫⌋⊣↕⌉ ⊑⌉∇∫⟩≀\∫ ≀{ ⊔⟨⌉∫⌉ ⊘}⊓∇⌉∫ ⌋⊣\ ⌊⌉ ⌉§↖ ⊔∇⊣⌋⊔⌉⌈ {∇≀⇕ ⊔⟨⌉ P≀∫⊔S⌋∇⟩√⊔ ⊑⌉∇∫⟩≀\ ≀{ ⊔⟨⟩∫ ∇⌉√≀∇⊔↙ F≀∇ ⟩\{≀∇⇕⊣⊔⟩≀\ ≀\ ⟨≀⊒ ⊔≀ ≀⌊⊔⊣⟩\ ⊣\ ⌉↕⌉⌋↖ ⊔∇≀\⟩⌋ ⌋≀√† ≀{ ⊔⟨⟩∫ ⌈≀⌋⊓⇕⌉\⊔⇔ √↕⌉⊣∫⌉ ∫⌉\⌈ ⊣ ⇕⌉∫∫⊣}⌉ ⊔≀ ⊔⌉⌋⟨∇⌉√≀∇⊔∫ℵ⌋∇↕↙⌈⌉⌋↙⌋≀⇕ ⊒⟩⊔⟨ ⊔⟨⌉ ⊒≀∇⌈ ⟨⌉↕√ ⟩\ ⊔⟨⌉ S⊓⌊|⌉⌋⊔ ↕⟩\⌉↙

B T⌉⇕√↕⊣⊔⌉∫ {≀∇ G∇⊣† ⌋≀⌈⌉⌈ √≀∫⟩⊔⟩≀\⟩\} ∇⟩\} ⊣\⌈ ⌋⊣↕⟩⌊∇⊣⊔⟩≀\ ⌋⊓⌊⌉ ∈∃

F⟩}⊓∇⌉ ∃¬ T⊓∇\⊔⊣⌊↕⌉ ≀∇⟩⌉\⊔⊣⊔⟩≀\ ∇⟩\} ⊒⟩⊔⟨ ⌊⟩\⊣∇† G∇⊣† ⌋≀⌈⌉ ⇐ ∞/2 scale↽▷

Figure 10. Pattern for calibration cube ↼1/2 scale↽▷