SIS. A System for Sequential Circuit Synthesis Electronics Research Laboratory Memorandum No▷ UCB◁ERL M92◁41 Ellen M▷ Sentovich Kanwar Jit Singh Luciano Lavagno Cho Moon Rajeev Murgai Alexander Saldanha Hamid Savoj Paul R▷ Stephan Robert K▷ Brayton Alberto SangiovanniVincentelli Department of Electrical Engineering and Computer Science University of California Berkeley CA 94720 4 May 1992

Abstract SIS is an interactive tool for synthesis and optimization of sequential circuits▷ Given a state transition table a signal transition graph or a logiclevel description of a sequential circuit it produces an optimized netlist in the target technology while preserving the sequential inputoutput behavior▷ Many different programs and algorithms have been integrated into SIS allowing the user to choose among a variety of techniques at each stage of the process▷ It is built on top of MISII ♭5♯ and includes all ↼combinational↽ optimization techniques therein as well as many enhancements▷ SIS serves as both a framework within which various algorithms can be tested and compared and as a tool for automatic synthesis and optimization of sequential circuits▷ This paper provides an overview of SIS▷ The αrst part contains descriptions of the input speciαcation STG ↼state transition graph↽ manipulation new logic optimization and veriαcation algorithms ASTG ↼asynchronous signal transition graph↽ manipulation and synthesis for PGAφs ↼programmable gate arrays↽▷ The second part contains a tutorial example illustrating the design process using SIS▷

1 Introduction The SIS synthesis system is speciαcally targeted for sequential circuits and supports a design methodology that allows the designer to search a larger solution space than was previously possible▷ In current practice the synthesis of sequential circuits proceeds much like synthesis of combinational circuits. sequential circuits are divided into purely combinational blocks and registers▷ Combinational optimization techniques are applied to the combinational logic blocks which are later reconnected to the registers to form a single circuit▷ This limits the optimization by αxing the register positions and optimizing logic only within combinational blocks without exploiting signal dependencies across register boundaries▷ Veriαcation techniques are limited to verifying machines with the same encoding▷ Finally it is cumbersome to separate the circuit into logic and registers only to reconstruct it later▷ In this paper a sequential circuit design methodology is described, it is implemented through a system that employs stateoftheart synthesis and optimization techniques▷ This approach is illustrated with an example demonstrating the usefulness of these new techniques and the βexibility the designer can exploit during the synthesis process▷ Many algorithms have been published for various stages of sequential synthesis▷ For synchronous circuits these include methods for state assignment ♭24 58♯ state minimization ♭17 31♯ testing ♭16♯ retiming ♭22♯ technology mapping ♭33♯ veriαcation ♭6 10♯ timing analysis and optimization across register boundaries ♭11 25 28 29♯▷ For asynchronous circuits these include methods for hazardfree synthesis ♭20 32♯▷ However no comprehensive evaluation of the algorithms and no complete synthesis system in which all of these algorithms are employed has been

Figure 1. A Design is Speciαed as an ASTG STG or Logic

reported to date▷ A complete sequential circuit synthesis system is needed both as a framework for implementing and evaluating new algorithms and as a tool for automatic synthesis and optimization of sequential circuits▷ SIS is an interactive tool like MISII but for sequential circuit synthesis and optimization▷ It is built on top of MISII and replaces it in the Octtools ♭12♯ the Berkeley synthesis tool set based on the Oct database▷ While MISII operated on only combinational circuits SIS handles both combinational and sequential circuits▷ In the Octtools environment a behavioral description of combinational logic can be given in a subset of the BDS language ↼the BDS language was developed at DEC ♭1♯↽▷ The program bdsyn ♭45♯ is used to translate this description into a set of logic equations and then bdnet is used to connect combinational logic and registers and create an Oct description αle▷ Alternately the starting point can be either a state transition table and SIS is used to invoke state assignment programs to create the initial logic implementation or a signal transition graph and SIS is used to create a hazardfree logic implementation▷ SIS is then used for optimization and technology mapping, placement and routing tools in the Octtools produce a symbolic layout for the circuit▷ The SIS environment is similar to MISII. optimization is done for area performance and testability▷ Systemlevel timing constraints can be speciαed for the I◁O pins▷ External Ψdonφt careν conditions expressing given degrees of freedom in the logic equations can be supplied and used in the optimization▷ Synthesis proceeds in several phases. state minimization and state assignment global area minimization and performance optimization local optimization and technology mapping▷ SIS is interactive but as in MISII scripts are provided to automate the process and guide the optimization steps▷ In the sequel the main new components of SIS will be described ↼i▷e▷ those algorithms and operations not available in MISII↽ including an input intermediate format for sequential circuits▷ This is followed by an example illustrating the use of SIS in the design process▷

2 Design Speciαcation A sequential circuit can be input to SIS in several ways ↼see Figure 1↽ allowing SIS to be used at various stages of the design process▷ The two most common entry points are a netlist of gates and a αnitestate machine in statetransition table form▷ Other methods of input are by reading from the Oct database and through a sequential circuit netlist called SLIF ↼Stanford Logic Interchange Format↽ ♭15♯▷ For asynchronous circuits the input is a signal transition graph ♭8♯▷

2▷1 Logic Implementation ↼Netlist↽ The netlist description is given in extended BLIF ↼Berkeley Logic Interchange Format↽ which consists of interconnected singleoutput combinational gates and latches ↼see Appendix A for a description↽▷ The BLIF format used in MISII has been augmented to allow the speciαcation of latches and controlling clocks▷ The latches are simple generic delay elements, in the technologymapping phase they are mapped to actual latches in the library▷ Additionally the BLIF format accepts userspeciαed donφt care conditions▷ Designs can be described hierarchically although currently the hierarchy information is not retained in the internal data structure resulting in a βat netlist1▷ 2▷2 State Transition Graph ↼STG↽ A state transition table for a αnitestate machine can be speciαed with the KISS ♭26♯ format used extensively in state assignment and state minimization programs▷ Each state is symbolic, the transition table indicates the next symbolic state and output bitvector given a current state and input bitvector▷ External donφt care conditions are indicated by a missing transition ↼i▷e▷ a presentstate◁input combination that has no speciαed nextstate◁output↽ or by a ℓφ in an output bit ↼indicating that for that presentstate◁input combination that particular output can be either 0 or 1↽▷ 2▷3 Internal Representation of the Logic and the STG Internally the BLIF αle for a logiclevel speciαcation is represented by two Boolean networks a care network and a donφt care network representing the external donφt cares▷ Each network is a DAG where each node represents either a primary input x_i a primary output z_i or an intermediate signal y_i▷ Each y_i has an associated function F_i and an edge connects node i to node j if the function at node j depends explicitly on the signal i▷ The donφt care network has the same number of outputs as the care network. an output of ℓ1φ in the donφt care network under an input condition indicates for that input either ℓ0φ or ℓ1φ is allowed for that output in the care network▷ Simultaneously the KISS speciαcation ↼if present↽ is stored as an STG ↼state transition graph↽ structure▷ The network and STG representations can be given simultaneously by embedding the KISS αle in the BLIF speciαcation▷ SIS provides routines for interactively manipulating both representations of a single circuit as described in Sections 3▷1 and 3▷2▷ An example of an STG and a logic implementation is shown in Figure 2, the corresponding BLIF speciαcation with an embedded state table is on the right▷ With two internal representations for a single synchronous circuit ↼STG and logic↽ it is necessary to check the consistency of the two representations▷ This is done with the stg cover command which does a symbolic simulation of the logic implementation for each edge of the STG to ensure that the behavior speciαed by the edge is implemented by the logic ↼the STG Ψcoversν the logic implementation↽▷ This command should be invoked if the two representations are initially given for a circuit▷ 2▷4 Signal Transition Graph ↼ASTG↽ The signal transition graph is an eventbased speciαcation for asynchronous circuits▷ It is composed of transitions representing changes of values of input or output signals of the speciαed circuit and places representing preδ and postδconditions of the transitions▷ A place can be marked with one or more tokens meaning that the corresponding condition holds in the circuit▷ When all the preδconditions of a transition are marked the transition may αre ↼meaning that the corresponding signal changes value↽ and the tokens are removed from its preδconditions and added to its postδconditions▷ Hence a signal transition graph speciαes the behavior both of an asynchronous circuit and of the environment where it operates▷ The causality relations described by places joining pairs of transitions represent how the circuit and its environment can react to signal transitions▷ For example see Figure 3↼a↽ which represents a fragment of a signal transition graph speciαcation▷ Places are shown as double circles transitions are shown as simple circles and places with exactly one predecessor and one successor ↼implicit places↽ are omitted▷ Transitions b�1 and b�2 are two distinct falling transitions of signal b▷ Initially place p1 is marked▷ Either a+ or b�1 can �re, but not both, since �ring one of them removes the token from the

1A new programcalled HSIS (hierarchical SIS) is currently under developmentfor synthesis of hierarchical netlists.

Figure 2: STG, Logic Implementation, Partial BLIF �le

Figure 3: A Signal Transition Graph, its text �le representation and its State Graph predecessor of the other one (a+ and b�1 are in con�ict). If a+ �res, signal a changes value from 0 to 1▷ If b�1 �res, signal b changes value from 1 to 0▷ Standard digital circuits are deterministic so this kind of nondeterministic choice between αring transition is allowed only for input signals ↼it allows a more abstract modeling of the circuit environment↽▷ If a+ �res, it marks the implicit places between a+ and b�2 and between a+ and c+. So a+ causes

transitions b�2 and c+ to be enabled (a+ and b�2 are ordered). Transitions b�2 and c+ do not share a pre�condition, so they can �re in any order (b�2 and c+ are concurrent). When both have �red, d+ becomes enabled, because both its pre�conditions are marked, and so on.

Note that the transitions in this fragment allow us to infer a value for each signal in each distinct marking of the signal transition graph. For example, in the initial marking a = 0 (because its ffrst transition, a+, will be rising), b = 1

(because its ffrst transition, either b�1 or b�2, will be falling), and similarly c = 0 and d = 0. The value label attached to each marking must be consistent across different ffring sequences of the signal transition graph. For example, when p2 is marked the value for d is always 0 independent of whether we αred d� or b�1 (in the latter case the value for d is the same as when p1 is marked since no transition of d αres between p1and p2↽▷ The existence of such a consistent labeling of each marking with signal values is the key for the correctness of a signal transition graph together with three other properties. • ↕⟩⊑⌉\⌉∫∫¬ {≀∇ ⌉⊑⌉∇† ⊔∇⊣\∫⟩⊔⟩≀\⇔ {∇≀⇕ ⌉⊑⌉∇† ⇕⊣∇‖⟩\} ⊔⟨⊣⊔ ⌋⊣\ ⌊⌉ ∇⌉⊣⌋⟨⌉⌈ {∇≀⇕ ⊔⟨⌉ ⟩\⟩⊔⟩⊣↕ ≀\⌉⇔ ⊒⌉ ⇕⊓∫⊔ ⌊⌉ ⊣⌊↕⌉ ⊔≀ ∇⌉⊣⌋⟨ ⊣ ⇕⊣∇‖⟩\} ⊒⟨⌉∇⌉ ⊔⟨⌉ ⊔∇⊣\∫⟩⊔⟩≀\ ⟩∫ ⌉\⊣⌊↕⌉⌈ ⇐\≀ ⌈⌉⊣⌈↕≀⌋‖∫ ⊣\⌈ \≀ ⊖≀√⌉∇⊣⊔⟩\} ⌋†⌋↕⌉∫⪰ ⊔⟨⊣⊔ ⌋⊣\\≀⊔ ⌊⌉ ∇⌉⊣⌋⟨⌉⌈ {∇≀⇕ ⌉⊣⌋⟨ ≀⊔⟨⌉∇⇒↙ • ∫⊣{⌉\⌉∫∫¬ \≀ ⇕≀∇⌉ ⊔⟨⊣\ ≀\⌉ ⊔≀‖⌉\ ⌋⊣\ ⌊⌉ √∇⌉∫⌉\⊔ ⟩\ ⊣ √↕⊣⌋⌉ ⟩\ ⊣\† ∇⌉⊣⌋⟨⊣⌊↕⌉ ⇕⊣∇‖⟩\}↙ • {∇⌉⌉↖⌋⟨≀⟩⌋⌉¬ ⟩{ ⊣ √↕⊣⌋⌉ ⟨⊣∫ ⇕≀∇⌉ ⊔⟨⊣\ ≀\⌉ ∫⊓⌋⌋⌉∫∫≀∇ ⇐p1 in the example↽ then it must be the only predecessor of those transitions▷ Furthermore a signal transition graph must be pure i▷e▷ no place can be both a predecessor and a successor of the same transition and placesimple i▷e▷ no two places can have exactly the same predecessors and successors▷ A state machine ↼SM↽ is a signal transition graph where each transition has exactly one predecessor and one successor place ↼no concurrency↽▷ A marked graph ↼MG↽ is a signal transition graph where each place has exactly one predecessor and one successor transition ↼no choice↽▷ These two classes of signal transition graphs are useful because some synthesis algorithms can be used only for example on marked graphs and some analysis algorithms decompose a general signal transition graph into state machine components or into marked graph components ↼see Section 3▷3↽▷ A signal transition graph can be represented as directed graph in a text αle and read into SIS with the read astg command ↼an example is shown in Figure 3↼b↽↽▷ The αrst three lines ↼▷model ▷inputs and ▷outputs↽ have the same meaning as in the BLIF format▷ In addition the keyword ▷internal can be used to describe signals that are not visible to the circuit environment e▷g▷ state signals▷ Everything after a Ψϑν sign is treated as a comment▷ Each line after ▷graph describes a set of graph edges▷ For example p1 a⇁ b◁1 describes the pair of edges between p1 and a+ and b�1 respectively. The optional .marking line describes the set of initially marked places (a

blank-separated list surrounded by braces). Implicit places, e.g. the place between a

+ and b�2, can be denoted in the initial marking by writing its predecessor and successor transitions between angle brackets, e.g. ¡a+,b-/2¿.

In addition to input, output and internal transitions, the signal transition graph model also allows dummy signals. Dummy signals, denoted by the keyword .dummy, just act as �placeholders� or �synchronizers� and do not represent any actual circuit signal (so their transitions are not allowed to have a �+� or �-� sign). Dummy signals are very useful, for example, in transforming an asynchronous �nite state machine into a signal transition graph by direct translation [9]. In this translation one explicit place represents each state, and it has one dummy transition for each output edge, followed by a set of transitions representing input signal changes

2, followed by state signal changes, followed by output signal changes, followed by another dummy transition, followed by the place corresponding to the next state. Note that the input transitions must precede the state and output transitions in order to imply the correct deterministic behavior, because the dummy transitions have no effect on the observable signals. In order for this direct translation to be possible, every �nite state machine state must be entered with a single set of values of input and output signals, 2If more than one input signal changesvalue, this situation could not be represented,in general, by a free-choice signal transition graph without dummy transitions.

Figure 4: An asynchronous �nite state machine and its signal transition graph speci�cation

i.e. it must be a Moore-type machine, and each edge entering the state must have exactly the same input signal labels (this is often the case, for example, with classical �primitive �ow tables�, see [55]).

Suppose that a �nite state machine, whose fragment appears in Figure 4(a), has a state s 1 with code 00 where all input and output signals signals have the value 0▷ If inputs a and b rise then it makes a transition to a state s2 with code 01 where outputs d and e have value 1▷ Otherwise if input c rises it makes a transition to state s3 with code 11 where no output change occurs▷ The αnite state machine fragment can be represented by the following signal transition graph fragment ↼place p1 corresponds to state s1 place p2 to state s2 and place p3 to state s3↽ shown in Figure 4↼b↽. ▷inputs a b c ▷▷▷ ▷outputs d e ▷▷▷ ϑ state signals ▷internal x0 x1 ▷dummy eps ▷graph ▷▷▷ ϑ state s1. two transitions p1 eps◁1 eps◁2 ϑ input change eps◁1 a⇁ b⇁ ϑ state change 00 > 01 a⇁ x0⇁ b⇁ x0⇁ ϑ output change x0⇁ d⇁ e⇁ ϑ next state is s2 d⇁ eps◁3 e⇁ eps◁3 eps◁3 p2 ϑ input change eps◁2 c⇁ ϑ state change 00 > 11 c⇁ x0⇁ x1⇁ ϑ no output change ϑ next state is s3 x0⇁ eps◁4 x1⇁ eps◁4 eps◁4 p3 ▷▷▷

3 Part I. The SIS Synthesis and Optimization System SIS contains many new operations and algorithms and it is the combination of these within a uniform framework that allows the designer to explore a large design space▷ Some of these are enhancements to the combinational techniques previously employed in MISII▷ These include improvements to performance optimization ↼both restructuring and technology mapping↽ storage and use of external donφt cares improved node minimization and faster divisor extraction▷ In addition new sequential techniques are included. an interface to state minimization and state assignment programs retiming sequential circuit optimization algorithms αnitestate machine veriαcation technology mapping for sequential circuits and synthesis of asynchronous designs▷ 3▷1 STG Manipulations 3▷1▷1 State Minimization A state transition graph ↼STG↽ contains a collection of symbolic states and transitions between them▷ The degrees of freedom in this representation or donφt cares are either unspeciαed transitions or explicit output donφt cares▷ These degrees of freedom along with the notion that two states are equivalent if they produce equivalent output sequences given equivalent input sequences can be exploited to produce a machine with fewer states▷ This usually translates to a smaller logic implementation▷ Such a technique is called state minimization and has been studied extensively ↼e▷g▷ ♭17 31♯↽▷ For completely speciαed machines the problem can be solved in polynomial time while in the more general case of incompletely speciαed machines the problem is NP hard▷ In SIS state minimization has been implemented to allow the user to choose among various state minimization programs▷ No single state minimization algorithm has been integrated but rather the user can choose among state minimization programs distributed with SIS or other programs that conform to an I◁O speciαcation designed for state minimization programs▷ Programs that conform to the speciαcation can be executed from the SIS shell▷ It has simple requirements e▷g▷ that the program use the KISS format for input and output▷ For example the user may invoke the STAMINA ♭17♯ program a heuristic state minimizer for incompletely speciαed machines distributed with SIS as follows. sis> state⌢minimize stamina s 1 In this case STAMINA is used with its option ℓs 1φ to perform state minimization on the current STG▷ When the command is completed the original STG is replaced by the one computed by STAMINA with ↼possibly↽ fewer states▷ 3▷1▷2 State Assignment State assignment provides the mapping from an STG to a netlist▷ State assignment programs start with a state transition table and compute optimal binary codes for each symbolic state▷ These binary codes are used to create a logiclevel implementation by substituting the binary codes for the symbolic states and creating a latch for each bit of the binary code▷ In SIS the state assignment mechanism is similar to state minimization. the user is free to choose among state assignment programs provided those programs conform to a simple speciαcation ↼in this case the input is KISS and the output is BLIF↽▷ A call to a state assignment program such as sis> state⌢assign nova e ih will perform optimal state assignment on the STG and return a corresponding logic implementation▷ Two state assignment programs JEDI♭24♯ and NOVA ♭58♯ are distributed with SIS▷ JEDI is a general symbolic encoding program ↼i▷e▷ for encoding both inputs and outputs↽ that can be used for the more speciαc state encoding problem, it is targeted for multilevel implementations▷ NOVA is a state assignment program targeted for PLAbased αnitestate machines, it produces good results for multilevel implementations as well▷ After state assignment there may be unused state codes and from the KISS speciαcation unspeciαed transitions and output donφt cares▷ These are external donφt cares for the resulting logic and can be speciαed in the BLIF αle that is returned by the state assignment program as is done with NOVA▷ These donφt care conditions will be stored and automatically used in some subsequent optimization algorithms such as full simplify ↼see Section 3▷2▷1↽▷ 3▷1▷3 STG Extraction STG extraction is the inverse of state assignment▷ Given a logiclevel implementation the state transition graph can be extracted from the logic for subsequent state minimization or state assignment▷ This provides a way of reencoding the machine for a possibly more efαcient implementation▷ The STG extraction algorithm involves forward simulation and backtracking to αnd all states reachable from the initial state▷ Alternately all 2^n states can be extracted where n is the number of latches▷ The resulting STG is completely speciαed because it is derived from the implementation ↼which is completely speciαed by deαnition↽ and because the external donφt cares in the donφt care network are not used during the extraction▷ Thus to minimize the size of the STG the donφt cares should be given explicitly for the STG representation▷ The stg extract operation should be used with caution as the STG may be too large to extract, the STG is in effect a twolevel ↼symbolic↽ sumofproducts form▷ 3▷2 Netlist Manipulations SIS contains MISII and all the combinational optimization techniques therein▷ This includes the global area minimization strategy ↼iteratively extract and resubstitute common subexpressions eliminate the least useful factors↽ combinational speedup techniques based on local restructuring local optimization ↼node factoring and decomposition twolevel logic minimization using local donφt care conditions↽ and technology mapping for area or performance optimization▷ Some of these techniques have been improved signiαcantly over the last available version of MISII▷ In addition new techniques for both combinational and sequential circuits have been introduced▷ 3▷2▷1 Combinational Optimization Node Simpliαcation The logic function at a node is simpliαed in MISII using the simplify command which uses the twolevel logic minimizer ESPRESSO ♭4♯▷ The objective of a general twolevel logic minimizer is to αnd a logic representation with a minimal number of implicants and literals while preserving the functionality▷ There are several approaches to this problem▷ In ESPRESSO the offset is generated to determine whether a given cube is an implicant in the function▷ The input usually contains a cover for the onset and a cover for the donφt care set▷ A cover for the offset is generated from the input using a complement algorithm based on the Unate Recursive Paradigm ♭4♯▷ The number of cubes in the offset can grow exponentially with the number of input variables, hence the offset generation could be quite time consuming▷ In the context of a multilevel network node functions with many cubes in the offset and donφt care set happen quite often but the initial cover of the onset is usually small and both the initial cover and the donφt care cover mainly consist of primes▷ To overcome the problem of generating huge offsets a subset of the offset called the reduced offset is used ♭27♯▷ The reduced offset for a cube is never larger than the entire offset of the function and in practice has been found to be much smaller▷ The reduced offset can be used in the same way as the full offset for the expansion of a cube and no quality is lost▷ The use of the reduced offset speeds up the node simpliαcation, however if the size of donφt care set is too large the computation of reduced offsets is not possible either▷ As a result αlters ♭40♯ must be introduced to keep the donφt care size reasonably small▷ The αlters are chosen heuristically with the goal that the quality of the node simpliαcation is not reduced signiαcantly▷

Figure 5. Node Simpliαcation

To perform node simpliαcation on a node in a multilevel network an appropriate donφt care set must αrst be generated▷ In MISII subsets of the satisαability and observability donφt care sets ↼SDC and ODC respectively see ♭2♯↽ are used▷ The SDC captures conditions which can never happen in the network and hence are donφt cares ↼i▷e▷ if y1 = �x1 then y1x1 is a donφt care because y1 and x1 will never both be 1↽▷ The ODC captures changes which may occur without affecting the outputs ↼i▷e▷ if y1 is the only output and y1 = y2y3 then �y2 is a donφt care for y3 because when y2 = 0 the value of y3 is not observable at y1↽▷ In latter versions of MISII and in SIS the generation of the donφt care sets has been improved signiαcantly▷ A subset of the SDC is used that is known as the support subset ♭40♯ and consists of the satisαability donφt cares of all the nodes whose support is included in the support of the node being simpliαed▷ By using this subset we can effectively cause a Boolean substitution of the nodes of the network into the node being simpliαed but in general we do not get maximum simpliαcation of the node▷ As an example of the subset αlter while simplifying node y2 shown in Figure 5 the SDC for node y9 is generated because the support of y9 is a subset of the support of y2▷ Thus substitution of node y9 in y2 will happen if y2 can be expressed in terms of y9 and it results in a simpler function for y2▷ The techniques for computing observability donφt cares compute these in terms of intermediate variables in the network▷ External donφt cares ↼EDC↽ are expressed with a separate donφt care network as described in Section 2▷ To fully utilize ODCφs plus EDCφs for the simpliαcation of each intermediate node one has to αnd how the current representation of the node is related to these donφt cares▷ The relation between EDCφs plus ODCφs and the current representation at each node is usually only through primary inputs▷ To get the most simpliαcation possible for each node one has to provide this connection which is the structure of the Boolean network to the twolevel minimizer▷ The most straightforward approach is to establish this connection through SDCφs▷ SDCφs are generated for all the nodes in the transitive fanin cone of the node being simpliαed to relate the current representation of the node to the primary inputs▷ SDCφs are also generated to relate the EDC plus ODC to the primary inputs▷ These are all the nodes in the transitive fanin cone of the support of the EDC plus ODC▷ Example. The EDC plus ODC for y2 in Figure 5 is d2 = y1 + y12↼y1 is from the ODC and y12is from the EDC↽▷ SDCφs for nodes y7 and y8 relate y2 to primary inputs▷ SDCφs for nodes y1, y3, y4, y10, y11 and y12relate d2 to primary inputs▷ We also generate SDC of y9because it may be substituted in the representation of y2▷ The input to the twolevel minimizer has 15 input variables and 33 cubes for this very small example▷ After node simpliαcation the representation at y2 becomes f2 = y9+ x5x6▷

It is obvious that this approach is not practical for networks with many levels, the size of satisαability donφt care set grows very large in such cases and node simpliαcation becomes computationally too expensive▷ To reduce the size of the input to the twolevel minimizer several techniques are employed▷ External and observability donφt cares are computed for each node using the techniques in ♭41♯▷ The external donφt cares are only allowed in twolevel form expressed directly in terms of primary inputs▷ A subset of the ODC called the CODC ↼compatible ODC↽ is computed for the simpliαcation of each node▷ The compatible property ensures that the donφt care sets on nodes can be used simultaneously with no need for recomputation after each node has been simpliαed▷ CODCφs are computed in terms of intermediate variables in the network▷ A collapsing and αltering procedure is used to αnd a subset of the CODC which is in the transitive fanin cone of the node being simpliαed▷ A limited SDC is generated to use the CODC plus EDC in twolevel form▷ However EDCφs cannot be represented in twolevel form in many cases because the number of cubes in the sumofproducts representation of EDCφs grows very large▷ Also because of collapsing and αltering and the limited SDC generated the quality is reduced considerably compared to what could be obtained using the full donφt care set▷ Example. The EDC plus ODC for y2in Figure 5 in terms of primary inputs is d2 = x1x2x3x4+ x1x2x3x4▷ SDCφs for nodes y7, y8 and y9 must be generated▷ The input to the twolevel minimizer has 9 input variables and 15 cubes▷ After node simpliαcation the representation at y2 becomes as before f2 = y9+ x5x6▷ There is one αnal improvement to the donφt care set computation▷ Since each node has a local function f_i . B^r −→ B ↼assuming r fanins↽ ideally one would like to express the external plus observability donφt cares of each node in terms of its immediate fanins not the primary inputs▷ These are minterms m_l ∈ B^r for which the value of f_i can be either 1 or 0 and the behavior of the Boolean network is unchanged▷ These local donφt cares are related to the EDC ODC of y i and SDCφs of the network and are as effective in node simpliαcation as the full donφt care set▷ Let y ffi be the node being simpli�ed and fffi : B^r −→ B be the local function at this node in terms of its fanins y1, . . . , y_r▷ The local donφt care set d^lffi is all the points in B^r for which the value of f ffi is not important. To �nd d^lffi, we �rst �nd the observability plus external don’t care set, d^gffi, in terms of primary inputs. The care set of yffi in terms of primary inputs is d^gffi. The local care set d^lffi is computed by �nding all combinations in B^r reachable from d g ffi. Any combination in^{Br that is not reachable from d g}ffi is in the local don’t care set^{dl}ffi. Example: The local don’t care for y2 is d^{lm}_2 = y7y8 ↼computed by effectively simulating the function x1x2x3x4+ x1�x2x3�x4 from the previous example↽▷ By examining the subset support we determine that the SDC of y9 should be included▷ The input to the twolevel minimizer has 5 inputs and 7 cubes▷ After node simpliαcation the representation at y2 becomes as before f2 = y9+ x5x6▷ The command full simplify in SIS uses the satisαability observability and external donφt cares to optimize each node in a multilevel network as described above▷ It αrst computes a set of external plus observability donφt cares for each node. a depthαrst traversal of the network starts at the outputs with the external donφt cares and works backward computing CODCφs for each node▷ At each intermediate node the local donφt cares are computed in terms of fanins of the node being simpliαed by an image computation which uses BDDφs▷ This donφt care set is augmented with some local SDCφs and minimized with the twolevel minimizer ESPRESSO ♭4♯▷ Results for full simplify are reported in ♭42♯▷ This command should not be applied to networks where the BDDφs become too large, there is a builtin mechanism to halt the computation if this occurs▷ Kernel and Cube Extraction An important step in network optimization is extracting new nodes representing logic functions that are factors of other nodes▷ We do not know of any Boolean decomposition technique that performs well and is not computationally expensive, therefore we use algebraic techniques▷ The basic idea is to look for expressions that are observed many times in the nodes of the network and extract such expressions▷ The extracted expression is implemented only once and the output of that node replaces the expression in any other node in the network where the expression appears▷ This technique is dependent on the sumofproducts representation at each node in the network and therefore a slight change at a node can cause a large change in the αnal result for better or for worse▷ The current algebraic techniques in MISII are based on kernels ♭3♯▷ The kernels of a logic expression f are deαned as K(f) = {g | g = f/c, g is cube free }

∞′

⊒⟨⌉∇⌉ ⌋ ⟩∫ ⊣ ⌋⊓⌊⌉⇔ } ⟨⊣∫ ⊣⊔ ↕⌉⊣∫⊔ ⊔⊒≀ ⌋⊓⌊⌉∫ ⊣\⌈ ⟩∫ ⊔⟨⌉ ∇⌉∫⊓↕⊔ ≀{ ⊣↕}⌉⌊∇⊣⟩⌋ ⌈⟩⊑⟩∫⟩≀\ ≀{ f by c and there is no common literal among all the cubes in g ↼i▷e▷ g is cube free↽▷ This set is smaller than the set of all algebraic divisors of the nodes in the network therefore it can be computed much faster and is almost as effective▷ One problem encountered with this in practice is that the number kernels of a logic expression is exponentially larger than the number of cubes appearing in that expression▷ Furthermore after a kernel is extracted there is no easy way of updating other kernels so kernel extraction is usually repeated▷ Once all kernels are extracted the largest intersection that divides most nodes in the network is sought▷ There is no notion of the complement of a kernel being used at this stage▷ After kernels are extracted one looks for the best single cube divisors and extracts such cubes▷ The kernels and cubes are sought only in normal form▷ Later on Boolean or algebraic resubstitution can affect division by the complement as well▷ Extraction of multicube divisors and common cubes from a network in MISII is done with the gkx and gcx commands▷ A more recent algebraic technique extracts only twocube divisors and twoliteral singlecube divisors both in normal and complement form ♭57♯▷ This approach has several advantages in terms of computation time while the quality of the αnal result is as good as kernelbased approaches according to ♭57♯ as well as our experimental results▷ It is shown that the total number of doublecube divisors and twoliteral singlecube divisors is polynomial in the number of cubes appearing in the expression▷ Also this set is created once and can be efαciently updated when a divisor is extracted▷ Additionally one looks for both normal and complement form of a divisor in all the nodes in the network so in choosing the best divisor a better evaluation can be made based on the usefulness of the divisor as well as its complement▷ There is also no need for algebraic resubstitution once divisors are extracted▷ The algorithm works as follows▷ First all twocube divisors and twoliteral singlecube divisors are recognized and put in a list▷ A weight is associated with each divisor which measures how many literals are saved if that expression is extracted▷ This weight includes the usefulness of the complement in the cases where the complements are single cubes or other twocube divisors▷ Common cube divisors are also evaluated at the same time so that εkernelε extraction and εcubeε extraction are nicely interleaved by this process▷ The divisor with highest weight is extracted greedily▷ All other divisors and their weights are updated and the whole process is repeated until no more divisors can be extracted▷ This technique has been implemented in SIS and is called fast extract or fx▷ Generally it should replace the MISII commands gkx and gcx since its quality is comparable but its speed in many cases is substantially higher ♭43♯▷ One shortcoming of this approach is that the size of each divisor is limited to no more than two cubes▷ However large nodes are effectively extracted by the combined process of fast extract and elimination▷ Elimination is used to increase the size of some divisors and remove others that are not effective▷ Test Pattern Generation and Redundancy Removal A very efαcient automatic test pattern generation algorithm for combinational logic has been implemented in SIS▷ First fault collapsing is performed across simple gates, both fault equivalence and fault dominance are used to reduce the fault list▷ Random test generation is done using parallel fault simulation▷ After the random patterns have been simulated the algorithm performs a deterministic search to αnd tests for the remaining faults▷ This part is based on the algorithm reported in ♭19♯. a set of equations is written to express the difference between the good and faulty circuits for a particular fault and Boolean satisαability is used to αnd a satisfying assignment for these equations▷ The implementation of the algorithm in SIS has been substantially improved for speed▷ While the singlestuckfault test pattern generation problem is NPcomplete this implementation has been able to produce 100ϱ stuckat fault coverage in all test cases available to us▷ The command atpg αle in SIS produces a set of test vectors in the αle αle▷ The redundancy removal command red removal is based on these techniques and iteratively removes all redundant faults▷ Technology Mapping MISII uses a treecovering algorithm to map arbitrary complex logic gates into gates speciαed in a technology library ♭39♯▷ ↼The technology library is given in genlib format which is described in Appendix B▷↽ This is done by decomposing the logic to be mapped into a network of 2input NAND gates and inverters▷ This network is then Ψcoveredν by patterns that represent the possible choices of gates in the library▷ During the covering stage the area or the delay of the circuit is used as an optimization criterion▷ This has been successful for area minimization but ineffective for performance optimization because the load at the output of gates is not considered when selecting gates and no optimization is provided for signals that are distributed to several other gates▷ Recent reαnements have signiαcantly improved it for performance optimization as reported in ♭54♯, tree covering has been extended to take load values into account accurately▷ In addition efαcient heuristic fanout optimization algorithms reported in ♭51♯ have been extended and implemented▷ They are also used during tree covering to estimate delay at multiple fanout points, this enables the algorithm to make better decisions in successive mapping passes over the circuit▷ In addition to the technology mapping for delay another command that inserts buffers in the circuit to reduce delay is provided▷ The command buffer opt ♭47♯ takes as input a circuit mapped for minimum area ↼map m 0↽ and inserts buffers to improve circuit performance▷ This command is subsumed by the map m 1 A command which in addition to adding buffers also makes selections of the gates to implement the logic functions▷ However it does provide a design whose area and delay are intermediate to the minimumarea and minimumdelay mapped circuits▷ Restructuring for Performance The delay of the circuit is determined by the multilevel structure of the logic as well as the choice of gates used to implement the functions▷ There are two algorithms that address the restructuring of the logic to improve the delay▷ These are speed up ♭48♯ and reduce depth ♭52♯▷ The speed up command operates on a decomposition of the network in terms of simple gates ↼2input NAND gates and inverters↽▷ This description is the same as that used by technology mapping▷ The speed up command tries to reduce the depth of the decomposed circuit with the intuition that a small depth representation will result in a smaller delay▷ The restructuring is performed by collapsing sections along the long paths and resynthesizing them for better timing characteristics ♭48♯▷ Following the restructuring the circuit is mapped for minimum delay▷ The recommended use of the speed up command is to run the following on an areaoptimized circuit. gd ⇀, eliminate 1, speed up, map m 1 A▷ The reduce depth command takes a different approach to technologyindependent network restructuring for performance optimization ♭52♯▷ The idea is to uniformly reduce the depth of the circuit▷ It does this by αrst clustering nodes according to some criteria and then collapsing each cluster into a single node▷ The clusters are formed as follows. a maximum cluster size is computed and the algorithm αnds a clustering that respects this size limit and minimizes the number of levels in the network after collapsing the clusters▷ The cluster size limit can be controlled by the user▷ The clustering and collapsing results in a large area increase▷ Hence it is important to follow the clustering with constrained areaoptimization techniques that will not increase the circuit depth▷ This is done by using the simplify l and fx l commands▷ The l option ensures that depth of the circuit will not increase▷ A special script script▷delay that uses the reduce depth command is provided for automating synthesis for performance optimization▷ 3▷2▷2 Sequential Optimization All of the combinational techniques described above can be applied to the combinational blocks between register boundaries in a sequential circuit▷ Further improvements can be made by allowing the registers to move and by performing optimizations across register boundaries▷ Some of these techniques are described in the following section including retiming retiming and resynthesis and retiming donφt cares▷ Some extensions are required for the technology mapping algorithms to work on sequential circuits▷ Finally sequential donφt cares based on unreachable states can be computed and used during node minimization▷ Retiming Retiming ♭22♯ is an algorithm that moves registers across logic gates either to minimize cycle time minimize the number of registers or minimize the number of registers subject to a cycletime constraint▷ It operates on synchronous edgetriggered designs▷ A particular gate is retimed forward by moving registers from each of its fanins to each of its fanouts ↼see Figure 6↽▷ The sequential I◁O behavior of the circuit is maintained▷ An example of retiming for minimum cycle time taken from ♭21♯ is shown in Figure 7▷ This example represents a correlator circuit which takes a stream of bits and compares it with a pattern a0, a1, a2, a3▷ The delays of each of the components are given ↼delay / 3 for a comparator 7 for an adder↽▷ For this circuit the cycle time is reduced from 24 to 13▷ The original algorithm ♭23♯ was based on a mixedinteger linear programming formulation for determining whether a particular cycle time is feasible, if so the correct register positions are determined▷ Later more efαcient relaxation

Figure 6. Retiming a Gate Forward

Figure 7. Retiming the Correlator Circuit

based techniques were reported ♭44♯▷ Both approaches are implemented in the retime command in SIS▷ To determine the optimal cycle time the feasible cycle time algorithm is combined with a binary search procedure through a range of cycle times▷ The original circuit may have an initial state associated with the registers and this initial state should be preserved during retiming as it may affect subsequent optimization and behavior of the circuit▷ Although the retimed circuit may not have an equivalent reset state a method for computing the new initial state when possible is reported in ♭50♯▷ It uses implicit state enumeration techniques ↼see Section 3▷2▷2↽ to αnd a cycle of states containing the reset state▷ Simulation along the cycle is used to determine the new initial state for the retimed circuit▷ Recently the notion of a resetable circuit was proposed ♭37♯▷ Resetable circuits have an easily computed initializing sequence which brings the machine to a known state independent of the state on powerup▷ Although retiming preserves the resetable property Boolean operations may not▷ At a later date the initial state recomputation after retiming may be combined in SIS with initializing sequences so that an optimal choice can be made▷ Retiming Donφt Cares Donφt care conditions used for minimization of the logic function at each node in a network are computed based on other nodes in the network▷ For sequential circuits this is done by considering each combinational logic block between register boundaries as a separate network. the inputs and outputs of each block consist of primary inputs and outputs as well as register outputs and inputs▷ The donφt care conditions are computed based on the boundaries of these blocks▷ During retiming the registers are moved and these boundaries change▷ This invalidates the computed donφt care information even though the combinational logic function at each node is unchanged▷ An algorithm for preserving the maximal donφt care sets during retiming has been reported ♭46♯ and is currently being implemented in SIS ↼it is not available in the current release of SIS↽▷ Although often the donφt care information can be recomputed based on the new structure of the logic blocks in some cases this results in a smaller donφt care set▷ Some of the donφt cares that depend on the original structure must be translated to donφt cares for the retimed structure or they are lost▷ In particular external or userspeciαed donφt cares cannot be recomputed based on the new logic blocks and should be preserved during retiming▷

Figure 8. Retiming and Resynthesis Example

As a byproduct of the investigation on retiming donφt cares an algorithm was developed for propagating donφt care conditions forward in a network▷ That is given the donφt cares for the inputs of a node an appropriate donφt care function is computed for the output of the node▷ Techniques for propagating donφt cares backward have already been developed in the work on ODCφs ♭42♯▷ Together the forward and backward propagation algorithms can be used to propagate donφt care conditions completely throughout a network regardless of where these donφt cares originate▷ Retiming and Resynthesis Retiming αnds optimal register positions without altering the combinational logic functions at each node▷ Standard combinational techniques optimize a logic network but given a sequential circuit the optimization is limited to each combinational block. interactions between signals across register boundaries are not exploited▷ These two techniques are combined in the retiming and resynthesis algorithm ♭28♯▷ The αrst step is to identify the largest subcircuits that can be peripherally retimed i▷e▷ that can be retimed in such a way as to move all the registers to the boundaries of the subcircuit▷ Peripheral retiming is an extended notion of retiming where Ψnegativeν latches at the boundary are allowed ↼time is borrowed from the environment↽ as long as they can be retimed away after resynthesis▷ After peripheral retiming standard combinational techniques are used to minimize the interior logic▷ Finally the registers are retimed back into the circuit to minimize cycle time or the number of registers used▷ An example of this procedure is shown in Figure 8▷ In the example pure combinational optimization would not yield any improvement and standard retiming as it was αrst described cannot be applied to the circuit▷ It is only by combining peripheral retiming which allows negative registers and resynthesis that the improvement is obtained▷ This algorithm has been successful in performance optimization of pipelined circuits ♭29♯▷ Experiments with area minimization are ongoing but it is expected that good results will be obtained only when the latest combinational optimization techniques which use a larger set of observability donφt cares are employed▷ In particular those that use a maximal observability donφt care set can exploit the signal dependencies exposed during peripheral retiming▷ Retiming and resynthesis will be implemented in SIS after further investigation and experimentation▷ Technology Mapping The strategy of representing feedback lines by latches preserves the acyclic nature of the circuit representation and allows the combinational technology mapping algorithms to be easily extended to sequential mapping ♭33♯▷ The same treecovering algorithm ♭39♯ is used but the pattern matching procedure is extended to accommodate sequential elements▷ The pattern matching relies no longer on just the network topology but also on the type of library element and on the location of latch input and output pins▷ By choosing to treat the problem of selecting a clocking scheme ↼singlephase synchronous multiphase synchronous or even asynchronous↽ and clocking parameters as a higher level issue the output of sequential technology mapping can be controlled by simply restricting the types of sequential elements allowed in the technology library▷ This approach can handle complex latches which are either synchronous or asynchronous but not both ↼for example synchronous latches with asynchronous set◁reset↽3▷ Implicit State Enumeration Techniques Recently methods for implicitly enumerating the states in a αnitestate machine have been reported and can be used to explore the state space in very large examples ♭10 53♯▷ Such techniques employ a breadthαrst traversal of sets of states of a machine▷ Beginning with an initial state set all the states reachable in one transition from that set are computed simultaneously then all the states reachable in two transitions etc▷ Efαcient implementation of this technique requires careful computation of the product of the transition relation ↼presentstate◁nextstate relation↽ and the current set of states▷ This can be done either by reducing the size of the resulting function during computation by eliminating variables appropriately ♭53♯ or by using a divide and conquer approach ♭10♯▷ Each function is efαciently implemented and manipulated using BDDs ♭6♯▷ These techniques are useful for generating sequential donφt care conditions▷ The reachable state set is computed with implicit techniques, the complement of this set represents the unreachable states▷ These are donφt care conditions expressed in terms of the registers in the circuit▷ In SIS the command extract seq dc extracts the unreachable states and stores them as external donφt cares▷ Subsequent calls to full simplify ↼see Section 3▷2▷1↽ exploit these donφt cares▷ Implicit state enumeration techniques are also useful for veriαcation▷ The equivalence of two αnitestate machines ↼logiclevel implementations↽ can be veriαed by computing the reachable states for the product machine▷ The two machines may have different state encodings▷ At each iteration the states reached are checked for equivalent output functions▷ The verify fsm command in SIS has veriαed machines with more than 1068states ♭53♯▷ 3▷3 Signal Transition Graph Manipulations The design input to SIS need not be a synchronous speciαcation▷ An asynchronous speciαcation can be given as a signal transition graph▷ In this section algorithms are outlined for the synthesis of hazardfree circuits under different delay models from signal transition graphs▷ If a signal transition graph is correct ↼live safe free choice and with a consistent labeling↽ then it can be automatically synthesized if it satisαes another condition. • ⌋≀⇕√↕⌉⊔⌉ ∫⊔⊣⊔⌉ ⌋≀⌈⟩\}¬ ⊒⟨⌉\⌉⊑⌉∇ ⊔⊒≀ ⇕⊣∇‖⟩\}∫ ⟨⊣⊑⌉ ⊔⟨⌉ ∫⊣⇕⌉ ↕⊣⌊⌉↕⇔ ⊔⟨⌉\ ⊔⟨⌉† ⇕⊓∫⊔ ⌉\⊣⌊↕⌉ ⊔⟨⌉ ∫⊣⇕⌉ ∫⌉⊔ ≀{ ≀⊓⊔√⊓⊔ ⊔∇⊣\∫⟩⊔⟩≀\∫↙ T⟨⌉ ∫†\⊔⟨⌉∫⟩∫ ⟩∫ √⌉∇{≀∇⇕⌉⌈ ⌊† ⌉§⟨⊣⊓∫⊔⟩⊑⌉ ∫⟩⇕⊓↕⊣⊔⟩≀\ ≀{ ⊣↕↕ ∇⌉⊣⌋⟨⊣⌊↕⌉ ⇕⊣∇‖⟩\}∫↙ T⟨⟩∫ √∇≀⌈⊓⌋⌉∫ ⊣ ∫⊔⊣⊔⌉ }∇⊣√⟨⇔ ⊒⟨⌉∇⌉ ⌉⊣⌋⟨ ⇕⊣∇‖⟩\} ⟩∫ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ⊣ ∫⊔⊣⊔⌉⇔ ⊣\⌈ ⌉⊣⌋⟨ ⌉⌈}⌉⇔ ∇⌉√∇⌉∫⌉\⊔⟩\} ⊣ ⊔∇⊣\∫⟩⊔⟩≀\ ⊘∇⟩\}⇔ |≀⟩\∫ ⊔⟨⌉ ⌋≀∇∇⌉∫√≀\⌈⟩\} √∇⌉⌈⌉⌋⌉∫∫≀∇ ⊣\⌈ ∫⊓⌋⌋⌉∫∫≀∇ ⇕⊣∇‖⟩\}∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⟩\ F⟩}⊓∇⌉ ∋⇐⌋⇒ ⊔⟨⌉ ∫⊔⊣⊔⌉ }∇⊣√⟨ {∇⊣}⇕⌉\⊔ ⌋≀∇∇⌉∫√≀\⌈⟩\} ⊔≀ F⟩}⊓∇⌉ ∋⇐⊣⇒ ⟩∫ ∫⟨≀⊒\⇔ ⊒⟨⌉∇⌉ ⊔⟨⌉ ∫⊔⊣⊔⌉ ↕⊣⌊⌉↕⌉⌈ ′∞′′ ⌋≀∇∇⌉∫√≀\⌈∫ ⊔≀ p1 being marked▷ If the signal transition graph is correct and has complete state coding then we can derive from the state graph an implied value for each output signal in each state as follows▷ For every state s for every output signal x the implied value of x in s is. 3Such latches cannot be represented by a combinational network feeding a latch element, the require some additional logic at the latch output▷ This introduces cyclic dependency to the cost function and the treecovering can no longer be solved by a dynamic programming algorithm▷

• ⊔⟨⌉ ⊑⊣↕⊓⌉ ≀{ x in the label of s if no transition for x is enabled in the marking corresponding to s▷ For example in state 0100 corresponding to p1 being marked no transition for c is enabled so the implied value of c is 0▷ • ≀⊔⟨⌉∇⊒⟩∫⌉⇔ ⊔⟨⌉ ⌋≀⇕√↕⌉⇕⌉\⊔ ≀{ ⊔⟨⊣⊔ ⊑⊣↕⊓⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⟩\ ∫⊔⊣⊔⌉ ′∞′′ ⊔∇⊣\∫⟩⊔⟩≀\ b�2 is enabled, so the implied value of b in 0100 is 0▷ A combinational function computing the implied value for each input label ↼minterm↽ obviously implements the required behavior of each output signal▷ This straightforward implementation though can still exhibit hazards ↼i▷e▷ temporary deviations from the expected values due to the nonzero delays of gates and wires in a combinational circuit↽▷ SIS provides an implementation of the algorithms described in ♭32♯ and ♭20♯ to produce hazardfree circuits under the unbounded gatedelay model and the bounded wiredelay model respectively▷ The commands that operate on a signal transition graph and produce an asynchronous circuit implementation of it can be roughly classiαed as analysis and synthesis commands▷ Analysis commands • ⊣∫⊔} ⌋⊓∇∇⌉\⊔ √∇⟩\⊔∫ ∫≀⇕⌉ ⟩\{≀∇⇕⊣⊔⟩≀\ ≀\ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ∫⟩}\⊣↕ ⊔∇⊣\∫⟩⊔⟩≀\ }∇⊣√⟨↙ • ⊣∫⊔} ⇕⊣∇‖⟩\} √∇⟩\⊔∫ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⇕⊣∇‖⟩\}⇔ ⟩{ ⊣\†⇔ ≀{ ⊔⟨⌉ ∫⟩}\⊣↕ ⊔∇⊣\∫⟩⊔⟩≀\ }∇⊣√⟨ ⇐⟩⊔ ⟩∫ ⊓∫⌉{⊓↕ ⟩{ ⊔⟨⌉ ⇕⊣∇‖⟩\} ⊒⊣∫ ≀⌊⊔⊣⟩\⌉⌈ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕† ⌊† SIS ⇔ ∫⟩\⌋⌉ ⊔⟨⟩∫ ⟩∫ ⊣\ ⌉§√⌉\∫⟩⊑⌉ ⌋≀⇕√⊓⊔⊣⊔⟩≀\⇒↙ • ⊣∫⊔} √∇⟩\⊔ ∫} √∇⟩\⊔∫⊔⟨⌉ ∫⊔⊣⊔⌉ }∇⊣√⟨ ≀⌊⊔⊣⟩\⌉⌈ ⌈⊓∇⟩\}⊔⟨⌉ ∫†\⊔⟨⌉∫⟩∫ √∇≀⌋⌉∫∫ ⇐⇕⊣⟩\↕† ⊓∫⌉{⊓↕ {≀∇ ⌈⌉⌊⊓}}⟩\}√⊓∇√≀∫⌉∫⇒↙ • ⊣∫⊔} √∇⟩\⊔ ∫⊔⊣⊔ √∇⟩\⊔∫ ⊣ ⌊∇⟩⌉{ ∫⊓⇕⇕⊣∇† ≀{ ⊔⟨⌉ ∫⟩}\⊣↕ ⊔∇⊣\∫⟩⊔⟩≀\ }∇⊣√⟨ ⊣\⌈ ∫⊔⊣⊔⌉ }∇⊣√⟨ ⌋⟨⊣∇⊣⌋⊔⌉∇⟩∫⊔⟩⌋∫↙ S†\⊔⟨⌉∫⟩∫ ⌋≀⇕⇕⊣\⌈∫ • ⊣∫⊔} ∫†\ ∫†\⊔⟨⌉∫⟩‡⌉∫ ⊣ ⟨⊣‡⊣∇⌈↖{∇⌉⌉ ⌋⟩∇⌋⊓⟩⊔ ⊓∫⟩\} ⊔⟨⌉ ⊓\⌊≀⊓\⌈⌉⌈ }⊣⊔⌉↖⌈⌉↕⊣† ⇕≀⌈⌉↕↙ I⊔ ⌉↕⟩⇕⟩\⊣⊔⌉∫ ⟨⊣‡⊣∇⌈∫ {∇≀⇕ ⊔⟨⌉ ⟩\⟩⊔⟩⊣↕ ⌋⟩∇⌋⊓⟩⊔⇔ √∇≀⌈⊓⌋⌉⌈ {∇≀⇕ ⊔⟨⌉ ⟩⇕√↕⟩⌉⌈ ⊑⊣↕⊓⌉∫ ⊣∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⊣⌊≀⊑⌉⇔ ⌊† ⊣⌈⌈⟩\} ∇⌉⌈⊓\⌈⊣\⊔ }⊣⊔⌉∫ ⊣\⌈∝≀∇ ⊣⌈⌈⟩\} ⟩\√⊓⊔ ⌋≀\\⌉⌋⊔⟩≀\∫ ⊔≀ ∫≀⇕⌉ }⊣⊔⌉∫⇔ ⊣∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ ∪∋∈⊎↙ T⟨⟩∫ ⌋≀⇕⇕⊣\⌈ ⇐⊣∫ ⊒⌉↕↕ ⊣∫ ⊣∫⊔} ⊔≀ {⇒ ⌋⊣\ ⌋≀⇕√⊓⊔⌉ ⊔⟨⌉ ⟩\⟩⊔⟩⊣↕ ⇕⊣∇‖⟩\} ⟩{ ⟩⊔ ⟩∫ \≀⊔ ⌉§√↕⟩⌋⟩⊔↕† }⟩⊑⌉\↙ • ⊣∫⊔} ⊔≀ { ∫†\⊔⟨⌉∫⟩‡⌉∫ ⊣ ⌋⟩∇⌋⊓⟩⊔ ⇐↕⟩‖⌉ ⊣∫⊔} ∫†\⇒⇔ ⌊⊓⊔ ⟩\ ⊣⌈⌈⟩⊔⟩≀\ ⟩⊔ ⊣\⊣↕†‡⌉∫ ⊣\⌈ ∫⊔≀∇⌉∫ ⟩⊔∫ √≀⊔⌉\⊔⟩⊣↕⟨⊣‡⊣∇⌈∫ ⊓∫⟩\} ⊔⟨⌉ ⌊≀⊓\⌈⌉⌈ ⊒⟩∇⌉↖⌈⌉↕⊣† ⇕≀⌈⌉↕△↙ T⟨≀∫⌉ ⟨⊣‡⊣∇⌈∫ ⌋⊣\ ⌊⌉ ⌉↕⟩⇕⟩\⊣⊔⌉⌈⇔ ⊣{⊔⌉∇ ⊣ ⌋≀\∫⊔∇⊣⟩\⌉⌈ ↕≀}⟩⌋ ∫†\⊔⟨⌉∫⟩∫ ⊣\⌈ ⊔⌉⌋⟨\≀↕≀}† ⇕⊣√√⟩\}⇔ ⌊† ⊔⟨⌉ ⊣∫⊔} ∫↕≀⊒ ⌋≀⇕⇕⊣\⌈↙ • ⊣∫⊔} ∫↕≀⊒ ⟩\∫⌉∇⊔∫ ⌈⌉↕⊣†∫⇔ ⊣∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ ∪∈′⊎⇔ ⟩\ ≀∇⌈⌉∇ ⊔≀ √∇≀⌈⊓⌋⌉ ⊣ ⟨⊣‡⊣∇⌈↖{∇⌉⌉ ⌋⟩∇⌋⊓⟩⊔ ⟩\ ⊣ ∫√⌉⌋⟩⊘⌋ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⊔⌉⌋⟨\≀↕≀}†↙ N≀⊔⌉ ⊔⟨⊣⊔ ⊔⟨⟩∫ ∫⊔⌉√ ⌋⊣\ ⊔⊣‖⌉ ⊣⌈⊑⊣\⊔⊣}⌉ ≀{ ⊔⟨⌉ ‖\≀⊒↕⌉⌈}⌉ ⊣⌊≀⊓⊔ ⇕⟩\⟩⇕⊓⇕ ⌈⌉↕⊣†∫ ⟩\ ⊔⟨⌉ ⌉\⊑⟩∇≀\⇕⌉\⊔▽↙ T⟨⌉∫⌉ ⌈⌉↕⊣†∫ ⌋⊣\ ⌉⟩⊔⟨⌉∇ ⌊⌉ }⟩⊑⌉\ ⊣∫ ⊣ ∫⟩\}↕⌉ ↕≀⊒⌉∇ ⌊≀⊓\⌈⇔ ⊒⟩⊔⟨ ⊔⟨⌉ ↖⌈ ≀√⊔⟩≀\⇔ ≀∇ ⟩\ ⊣ ⊘↕⌉⇔ ⊒⟩⊔⟨ ⊔⟨⌉ ↖{ ≀√⊔⟩≀\↙ E⊣⌋⟨ ↕⟩\⌉ ⟩\ ⊔⟨⟩∫ ⌉\⊑⟩∇≀\⇕⌉\⊔ ⌈⌉↕⊣† ⊘↕⌉ ⌋≀\⊔⊣⟩\∫ ⊣ √⊣⟩∇ ≀{ ∫⟩}\⊣↕∫ ⊣\⌈ ⊣ √⊣⟩∇ ≀{ \⊓⇕⌊⌉∇∫⇔ ⊣\⌈ ∇⌉√∇⌉∫⌉\⊔∫ ⊔⟨⌉ ⇕⟩\⟩⇕⊓⇕ }⊓⊣∇⊣\⊔⌉⌉⌈ ↕≀⊒⌉∇ ⌊≀⊓\⌈ ≀\ ⊔⟨⌉ ⌈⌉↕⊣† ⌊⌉⊔⊒⌉⌉\ ⊣ ⊔∇⊣\∫⟩⊔⟩≀\ ≀\ ⊔⟨⌉ ⊘∇∫⊔ ∫⟩}\⊣↕ ⊣\⌈ ⊣ ∇⟩∫⟩\}∝{⊣↕↕⟩\} ⊔∇⊣\∫⟩⊔⟩≀\ ∇⌉∫√⌉⌋⊔⟩⊑⌉↕† ≀\ ⊔⟨⌉ ∫⌉⌋≀\⌈ ∫⟩}\⊣↕↙ I\ ≀∇⌈⌉∇ ⊔≀ ⌈≀ ⊒≀∇∫⊔↖⌋⊣∫⌉ ⟨⊣‡⊣∇⌈ ⊣\⊣↕†∫⟩∫⇔ ⊣∫⊔} ∫↕≀⊒ ⊣↕∫≀ √∇≀⊑⟩⌈⌉∫ ⊣ ∇⊓⌈⟩⇕⌉\⊔⊣∇† ⇕⌉⌋⟨⊣\⟩∫⇕ ⊔≀ ⌈⌉∫⌋∇⟩⌊⌉ }⊣⊔⌉∫ ⊒⟩⊔⟨ ⊓√√⌉∇ ⊣\⌈ ↕≀⊒⌉∇ ⌊≀⊓\⌈∫ ≀\ ⊔⟨⌉ ⌈⌉↕⊣†⇔ ⊓∫⟩\} ⊔⟨⌉ ↖⇕ ≀√⊔⟩≀\↙ T⟨⟩∫ ≀√⊔⟩≀\ ∫√⌉⌋⟩⊘⌉∫ ⊣ ⇕⊓↕⊔⟩√↕⟩⌋⊣⊔⟩⊑⌉ {⊣⌋⊔≀∇ ⊔≀ ≀⌊⊔⊣⟩\ ⊔⟨⌉ ⇕⟩\⟩⇕⊓⇕ ⌈⌉↕⊣† ≀{ ⌉⊣⌋⟨ }⊣⊔⌉⇔ }⟩⊑⌉\ ⟩⊔∫ ⇕⊣§⟩⇕⊓⇕ ⌈⌉↕⊣† ⊣∫ ∫√⌉⌋⟩⊘⌉⌈ ⌊† ⊔⟨⌉ }⊣⊔⌉ ↕⟩⌊∇⊣∇† ⊓∫⌉⌈ {≀∇ ⊔⌉⌋⟨\≀↕≀}† ⇕⊣√√⟩\}↙ N≀⊔⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ⊣∫⊔} ⊔≀ { ⊣\⌈ ⊣∫⊔} ∫↕≀⊒ ⌋≀⇕⇕⊣\⌈∫ ∇⌉∐⊓⟩∇⌉ ⊔⟨⊣⊔ ≀\↕† ⊣↕}⌉⌊∇⊣⟩⌋ ≀√⌉∇⊣⊔⟩≀\∫ ⌈⊓∇⟩\} ↕≀}⟩⌋ ∫†\⊔⟨⌉∫⟩∫ ⟩\ ≀∇⌈⌉∇ ⊔≀ }⊓⊣∇⊣\⊔⌉⌉ ⟨⊣‡⊣∇⌈↖{∇⌉⌉ ∫†\⊔⟨⌉∫⟩∫↙ N⊣⇕⌉↕† ≀\↕† ⊔⟨⌉ ∫⊒⌉⌉√⇔ {§⇔ }‖§⇔ }⌋§⇔ ∇⌉∫⊓⌊⇔ ⌉↕⟩⇕⟩\⊣⊔⌉⇔ ⌈⌉⌋≀⇕√ ⊣\⌈ ⇕⊣√ ⌋≀⇕⇕⊣\⌈∫ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈↙ O⊔⟨⌉∇ ⌋≀⇕⇕⊣\⌈∫ ∫⊓⌋⟨ ⊣∫ ∫⟩⇕√↕⟩{† ⊣\⌈ {⊓↕↕ ∫⟩⇕√↕⟩{† ⇕⊣† ∇⌉↖⟩\⊔∇≀⌈⊓⌋⌉ ⟨⊣‡⊣∇⌈∫↙ △N≀⊔⌉ ⊔⟨⊣⊔ ⊣ ⌋⟩∇⌋⊓⟩⊔ ⊔⟨⊣⊔ ⌈≀⌉∫ \≀⊔ ⟨⊣⊑⌉ ⟨⊣‡⊣∇⌈∫ ⊒⟩⊔⟨ ⊔⟨⌉ ⊓\⌊≀⊓\⌈⌉⌈}⊣⊔⌉ ⌈⌉↕⊣† ⇕≀⌈⌉↕⇔ ⊒⟨⌉∇⌉ ⊣↕↕ ⊒⟩∇⌉ ⌈⌉↕⊣†∫ ⊣∇⌉ ⊣∫∫⊓⇕⌉⌈ ⊔≀ ⌊⌉ ‡⌉∇≀⇔ ⌋⊣\ ⌉§⟨⟩⌊⟩⊔ ⟨⊣‡⊣∇⌈∫ ⊒⟩⊔⟨ ⊔⟨⌉ ⌊≀⊓\⌈⌉⌈ ⊒⟩∇⌉↖⌈⌉↕⊣† ⇕≀⌈⌉↕↙ T⟨⌉ ⌈⌉∫⟩}\⌉∇ ∫⟨≀⊓↕⌈ ⊓∫⌉ ⊔⟨⌉ ⌈⌉↕⊣† ⇕≀⌈⌉↕ ⊔⟨⊣⊔ ⌊⌉∫⊔ ∫⊓⟩⊔∫ ⊔⟨⌉ ⊓\⌈⌉∇↕†⟩\} ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⊔⌉⌋⟨\≀↕≀}† ⇐∫⌉⌉ ∪⊎⇒↙ ▽B† ⌈⌉{⊣⊓↕⊔ ⊔⟨⌉ ⌉\⊑⟩∇≀\⇕⌉\⊔⟩∫ ⊣∫∫⊓⇕⌉⌈⊔≀ ∇⌉∫√≀\⌈⟩\∫⊔⊣\⊔⊣\⌉≀⊓∫↕†⇔∫⟩\⌋⌉ ⊔⟨⟩∫ ∇⌉√∇⌉∫⌉\⊔∫⊣ √⌉∫∫⟩⇕⟩∫⊔⟩⌋ ⊒≀∇∫⊔↖⌋⊣∫⌉ ⊣∫∫⊓⇕√⊔⟩≀\{≀∇ ⟨⊣‡⊣∇⌈ ⊣\⊣↕†∫⟩∫↙

∞

TLU S†\⊔⟨⌉∫⟩∫ §↕ ⊣≀ ⌋⊓⌊⌉↖√⊣⌋‖⟩\} ≀\ ⊣\ ⟩\{⌉⊣∫⟩⌊↕⌉ \⌉⊔⊒≀∇‖ §↕ ‖ ⌈⌉⌋≀⇕√ ⊣√√↕† R≀⊔⟨↖K⊣∇√ ⌈⌉⌋≀⇕√≀∫⟩⊔⟩≀\ §↕ ∫√↕⟩⊔ ⇕≀⌈⟩⊘⌉⌈ ‖⌉∇\⌉↕ ⌉§⊔∇⊣⌋⊔⟩≀\ §↕ ⟩⇕√ ⊣√√↕† ⌈⟩{{⌉∇⌉\⊔ ⌈⌉⌋≀⇕√≀∫⟩⊔⟩≀\ ∫⌋⟨⌉⇕⌉∫ ⊣\⌈ √⟩⌋‖ ⊔⟨⌉ ⌊⌉∫⊔ §↕ ⊣⌊∫≀∇⌊ ∇⌉⌈⊓⌋⌉ ⟩\{⌉⊣∫⟩⌊⟩↕⟩⊔† ≀{ ⊔⟨⌉ \⌉⊔⊒≀∇‖ §↕ ⌋≀⊑⌉∇ ⊓∫⌉ ⌊⟩\⊣⊔⌉ ⌋≀⊑⌉∇⟩\} ⊔≀ ⇕⟩\⟩⇕⟩‡⌉ \⊓⇕⌊⌉∇ ≀{ ⌊↕≀⌋‖∫ §↕ √⊣∇⊔⟩⊔⟩≀\ ⇕⟩\⟩⇕⟩‡⌉ \⊓⇕⌊⌉∇ ≀{ ⌊↕≀⌋‖∫ ⌊† ⌋≀↕↕⊣√∫⟩\} \≀⌈⌉∫ ⟩\⊔≀ ⟩⇕⇕⌉⌈⟩⊣⊔⌉ {⊣\≀⊓⊔∫ §↕ √⊣∇⊔ ⌋≀↕↕ ⟩\⟩⊔⟩⊣↕ ⇕⊣√√⟩\} ⊣\⌈ √⊣∇⊔⟩⊣↕ ⌋≀↕↕⊣√∫⌉ ≀\ ⊔⟨⌉ \⌉⊔⊒≀∇‖ §↕ ⇕⌉∇}⌉ ⟩⌈⌉\⊔⟩{† {⊓\⌋⊔⟩≀\↖√⊣⟩∇∫ ⊔≀ ⌊⌉ √↕⊣⌋⌉⌈ ≀\ ⊔⟨⌉ ∫⊣⇕⌉ CLB §↕ ⌈⌉⌋≀⇕√ ⊔⊒≀ ⌋⊓⌊⌉↖√⊣⌋‖⟩\} ⊔⊣∇}⌉⊔⌉⌈ {≀∇ ⊔⊒≀↖≀⊓⊔√⊓⊔ CLB≃∫ §↕ ∇↕ ∇⌉⌈⊓⌋⌉ \⊓⇕⌊⌉∇ ≀{ ↕⌉⊑⌉↕∫ §↕ \≀⌈⌉⊑⊣↕⊓⌉ √∇⟩\⊔ ⟩\{⌉⊣∫⟩⌊↕⌉ \≀⌈⌉∫ MB S†\⊔⟨⌉∫⟩∫ ⊣⌋⊔ ⇕⊣√ ⌊↕≀⌋‖ ⌋≀⊓\⊔ ⇕⟩\⟩⇕⟩‡⊣⊔⟩≀\ {≀∇ ⊣⌋⊔∞ ⊣\⌈ ⊣⌋⊔ ⊣∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉∫ T⊣⌊↕⌉ ∞¬ PGA S†\⊔⟨⌉∫⟩∫ C≀⇕⇕⊣\⌈∫ ⟩\ SIS • ⊣∫⊔} ⌋≀\⊔∇⊣⌋⊔⇔ }⟩⊑⌉\ ⊣ ∫√⌉⌋⟩⊘⌋ ≀⊓⊔√⊓⊔ ∫⟩}\⊣↕ x for which logic needs to be synthesized removes from the signal transition graph all the signals that are not directly required as inputs of the logic implementing x▷ Note that contraction is guaranteed to yield a contracted signal transition graph with complete state coding only if the original signal transition graph was a marked graph▷ • ⊣∫⊔} ↕≀⌋‖}∇⊣√⟨⇔ }⟩⊑⌉\ ⊣ ⌋≀∇∇⌉⌋⊔ ∫⟩}\⊣↕ ⊔∇⊣\∫⟩⊔⟩≀\ }∇⊣√⟨ ⊒⟩⊔⟨≀⊓⊔ ⌋≀⇕√↕⌉⊔⌉ ∫⊔⊣⊔⌉ ⌋≀⌈⟩\}⇔ ⊓∫⌉∫ ⊔⟨⌉ ⊣↕}≀∇⟩⊔⟨⇕ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ ∪▽⊎̸ ⊔≀ √∇≀⌈⊓⌋⌉ ⊣ ∫⟩}\⊣↕ ⊔∇⊣\∫⟩⊔⟩≀\ }∇⊣√⟨ ⊒⟩⊔⟨ ↕⌉∫∫ ⌋≀\⌋⊓∇∇⌉\⌋† ⌊⊓⊔ ⌋≀⇕√↕⌉⊔⌉ ∫⊔⊣⊔⌉ ⌋≀⌈⟩\} ⇐∫≀ ⊔⟨⊣⊔ ⟩⊔ ⌋⊣\ ⌊⌉ ∫†\⊔⟨⌉∫⟩‡⌉⌈⇒↙ N≀⊔⌉ ⊔⟨⊣⊔ ⊔⟨⟩∫ ⊔⌉⌋⟨\⟩∐⊓⌉ ⊒≀∇‖∫ ∫⊓⌋⌋⌉∫∫{⊓↕↕† ≀\↕† {≀∇ ⇕⊣∇‖⌉⌈ }∇⊣√⟨∫↙ • ⊣∫⊔} √⌉∇∫⟩∫⊔ ⌉\∫⊓∇⌉∫ ⊔⟨⊣⊔ ⊔⟨⌉ ∫⟩}\⊣↕ ⊔∇⊣\∫⟩⊔⟩≀\ }∇⊣√⟨ ⟩∫ √⌉∇∫⟩∫⊔⌉\⊔⇔ ⟩↙⌉↙ \≀ ∫⟩}\⊣↕ ⊔⟨⊣⊔ ⌉\⊣⌊↕⌉∫ ⊣ ⊔∇⊣\∫⟩⊔⟩≀\ ⌋⊣\ ⌋⟨⊣\}⌉ ⊑⊣↕⊓⌉ ⌊⌉{≀∇⌉ ⊔⟨⊣⊔ ⊔∇⊣\∫⟩⊔⟩≀\ ⟨⊣∫ ⊘∇⌉⌈ ⇐⊔⟨⟩∫ √∇≀√⌉∇⊔† ⌉\∫⊓∇⌉∫ ⊣ ∫≀⇕⌉⊒⟨⊣⊔ ∫⟩⇕√↕⌉∇ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\⇔ ⊣⊔ ⊔⟨⌉ ⌋≀∫⊔ ≀{ ⊣ ↕≀∫∫ ⟩\ ⌋≀\⌋⊓∇∇⌉\⌋†⇒↙ N≀⊔⌉ ⊔⟨⊣⊔ ⊔⟨⟩∫ ⌋≀⇕⇕⊣\⌈ ⊒≀∇‖∫ ∫⊓⌋⌋⌉∫∫{⊓↕↕† ≀\↕† {≀∇ ⇕⊣∇‖⌉⌈ }∇⊣√⟨∫↙ • ⊣∫⊔} ⊔≀ ∫⊔} √∇≀⌈⊓⌋⌉∫ ⊣ ∫⊔⊣⊔⌉ ⊔∇⊣\∫⟩⊔⟩≀\ }∇⊣√⟨ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ⊔⟨⊣⊔ ⌈⌉∫⌋∇⟩⌊⌉∫ ⊣ ⌊⌉⟨⊣⊑⟩≀∇ ⌉∐⊓⟩⊑⊣↕⌉\⊔ ⊔≀ ⊔⟨⌉ ∫⟩}\⊣↕ ⊔∇⊣\∫⟩⊔⟩≀\ }∇⊣√⟨↙ I⊔ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔≀ ⌋≀⇕√⊣∇⌉ ⊣ ∫†\⌋⟨∇≀\≀⊓∫ ⊣\⌈ ⊣\ ⊣∫†\⌋⟨∇≀\≀⊓∫ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⇐∇≀⊓}⟨↕†⇒ ⊔⟨⌉ ∫⊣⇕⌉ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\↙ ∋↙△ L≀}⟩⌋ S†\⊔⟨⌉∫⟩∫ {≀∇ P∇≀}∇⊣⇕⇕⊣⌊↕⌉ G⊣⊔⌉ A∇∇⊣†∫ ⇐PGA≃∫⇒ S†\⊔⟨⌉∫⟩‡⟩\} ⌋⟩∇⌋⊓⟩⊔∫ ⊔⊣∇}⌉⊔⌉⌈ {≀∇ √⊣∇⊔⟩⌋⊓↕⊣∇ PGA ⊣∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉∫ ∇⌉∐⊓⟩∇⌉∫ \⌉⊒ ⊣∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉↖∫√⌉⌋⟩⊘⌋ ⊣↕}≀∇⟩⊔⟨⇕∫↙ A \⊓⇕⌊⌉∇ ≀{ ⊔⟨⌉∫⌉ ⟨⊣⊑⌉ ⌊⌉⌉\ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⟩\ ↕⊣⊔⊔⌉∇ ⊑⌉∇∫⟩≀\∫ ≀{ MISII⇔ ⊣\⌈ ⊣∇⌉ ⌊⌉⟩\} ⟩⇕√∇≀⊑⌉⌈ ⊣\⌈ ⌉\⟨⊣\⌋⌉⌈ ⟩\ SIS↙ T⟨⌉∫⌉ ⊣↕}≀∇⟩⊔⟨⇕∫ ⊣∇⌉ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⌊∇⟩⌉⊙† ⟩\ ⊔⟨⟩∫ ∫⌉⌋⊔⟩≀\↙ A ∫⊓⇕⇕⊣∇† ≀{ ⊔⟨⌉ ⌋≀⇕⇕⊣\⌈∫ ⟩\ SIS {≀∇ PGA ∫†\⊔⟨⌉∫⟩∫ ⊣∇⌉ }⟩⊑⌉\ ⟩\ T⊣⌊↕⌉ ∞↙ T⟨⌉ ⌊⊣∫⟩⌋ PGA ⊣∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉∫ ∫⟨⊣∇⌉ ⊣ ⌋≀⇕⇕≀\ {⌉⊣⊔⊓∇⌉¬ ∇⌉√⌉⊣⊔⌉⌈ ⊣∇∇⊣†∫ ≀{ ⟩⌈⌉\⊔⟩⌋⊣↕ ↕≀}⟩⌋ ⌊↕≀⌋‖∫↙ A ↕≀}⟩⌋ ⌊↕≀⌋‖ ⇐≀∇ ⌊⊣∫⟩⌋ ⌊↕≀⌋‖⇒ ⟩∫ ⊣ ⊑⌉∇∫⊣⊔⟩↕⌉ ⌋≀\⊘}⊓∇⊣⊔⟩≀\ ≀{ ↕≀}⟩⌋ ⌉↕⌉⇕⌉\⊔∫ ⊔⟨⊣⊔ ⌋⊣\ ⌊⌉ √∇≀}∇⊣⇕⇕⌉⌈ ⌊† ⊔⟨⌉ ⊓∫⌉∇↙ T⟨⌉∇⌉ ⊣∇⌉ ⊔⊒≀ ⇕⊣⟩\ ⌋⊣⊔⌉}≀∇⟩⌉∫ ≀{ ⌊↕≀⌋‖ ∫⊔∇⊓⌋⊔⊓∇⌉∫⇔ \⊣⇕⌉↕† T⊣⌊↕⌉↖L≀≀‖↖U√ ⇐TLU⇒ ⊣\⌈ M⊓↕⊔⟩√↕⌉§≀∇↖B⊣∫⌉⌈ ⇐MB⇒∅ ⊔⟨⌉ ∇⌉∫⊓↕⊔⟩\} ⊣∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉∫ ⊣∇⌉ ⌋⊣↕↕⌉⌈ ⊔⟨⌉ TLU ⊣\⌈ ⊔⟨⌉ MB ⊣∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉∫ ∇⌉∫√⌉⌋⊔⟩⊑⌉↕†↙ A ⌊⊣∫⟩⌋ ⌊↕≀⌋‖ ≀{ ⊣ TLU ⊣∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉ ⇐⊣↕∫≀ ⌋⊣↕↕⌉⌈ ⌋≀\⊘}⊓∇⊣⌊↕⌉ ↕≀}⟩⌋ ⌊↕≀⌋‖ ≀∇ CLB⇒ ⟩⇕√↕⌉⇕⌉\⊔∫ ⊣\† {⊓\⌋⊔⟩≀\ ⟨⊣⊑⟩\} ⊓√ ⊔≀ m inputs m ≥ ∈↙ F≀∇ ⊣ }⟩⊑⌉\ TLU ⊣∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉⇔ m is a αxed number▷ A typical example is the Xilinx architecture ♭18♯ in which m = 5. In MB architectures, the basic block is a conffguration of multiplexors [13]. In SIS, combinational circuits can be synthesized for both these architectures. Area minimization for both architectures and delay minimization for TLU architectures are supported. We are working on extending the capabilities to handle sequential circuits.

The algorithms and the corresponding commands that implement them in SIS are described next. For complete details of the algorithms, the reader may refer to [34, 35, 36].

3.4.1 Synthesis for TLU architectures If a function has at most m inputs we know it can be realized with one block▷ We call such a function mfeasible▷ Otherwise it is minfeasible▷ A network is mfeasible if the function at each node of the network is mfeasible▷ Let us αrst address the problem of minimizing the number of basic blocks used to implement a network▷ We assume that the technologyindependent optimizations have been already applied on the given network description▷ In order to realize an infeasible network using the basic blocks we have to αrst make infeasible nodes feasible▷ After obtaining a feasible network we have to minimize the number of blocks used▷ These two subproblems are described next▷ Making an infeasible node feasible Decomposition is a way of obtaining smaller nodes from a large node▷ We use decomposition to obtain a set of mfeasible nodes for an infeasible node function▷ The following is a summary of various decomposition commands for TLU architectures that are in SIS. xl ao cubepacking on an infeasible network xl k decomp apply RothKarp decomposition xl split modiαed kernel extraction xl imp apply different decomposition schemes and pick the best Cubepacking ♭14♯ used in xl ao treats the cubes ↼productterms↽ of the function as items▷ The size of each cube is the number of literals in it▷ Each logic block is a bin with capacity m▷ The decomposition problem can then be seen as that of packing the cubes into a minimum number of bins▷ xl k decomp uses classical RothKarp decomposition ♭38♯ to decompose an infeasible node into mfeasible nodes▷ A set X ↼called the bound set↽ of cardinality m is chosen from the inputs of the infeasible function f▷ The rest of the inputs form the free set Y ▷ Then the RothKarp technique decomposes f as follows. f(X, Y ) = g(α1(X), α2(X), . . . , α_p(X), Y ) (1) where α1, α2, . . . , α_p are mfeasible functions▷ If p + |Y | > m g is infeasible and needs to be decomposed further▷ To get the best possible decomposition all possible choices of bound sets have to be tried▷ With options e and f all bound sets of a node are tried and the one resulting in the minimum number of nodes is selected▷ xl split extracts kernels from an infeasible node▷ This procedure is recursively applied on the kernel and the node until either they become mfeasible or no more kernels can be extracted in which case a simple andor decomposition is performed▷ xl imp tries to get the best possible decomposition for the network▷ It applies a set of decomposition techniques on each infeasible node n of the network▷ These techniques include cubepacking on the sumofproducts form of n cubepacking on the factored form of n RothKarp decomposition and kernel extraction▷ The best decomposition result the one which has a minimum number of mfeasible nodes is selected▷ One command which does not necessarily generate an mfeasible network but reduces the infeasibility of a network is xl absorb▷ Infeasibility of a network is measured as the sum of the number of fanins of the infeasible nodes▷ The command xl absorb moves the fanins of the infeasible nodes to feasible nodes so as to decrease the infeasibility of the network▷ RothKarp decomposition is used to determine if a fanin of a node could be made to fan in to another node▷ Block Count Minimization After decomposition an mfeasible network is obtained and may be mapped directly onto the basic blocks▷ However it may be possible to collapse some nodes into their fanouts while retaining feasibility▷ The following commands in SIS do the block count minimization. xl cover use binate covering xl partition collapse nodes into immediate fanouts xl cover enumerates all sets of nodes which can be realized as a single block▷ Each such set is called a supernode▷ The enumeration is done using the maximum βow algorithm repeatedly▷ A smallest subset S of supernodes that satisfy the following three constraints is selected. 1▷ each node of the network should be included in at least one supernode in S 2▷ each input to a supernode in S should either be an output of another supernode in S or an external input to the network and 3▷ each output of the network should be an output of some supernode in S▷ This is a binate covering formulation ♭39♯▷ Mathonyφs algorithm ♭30♯ is used to solve this formulation▷ For large networks this algorithm is computationally intensive and several heuristics for fast approximate solutions are used ↼option h↽▷ xl partition tries to reduce the number of nodes by collapsing nodes into their immediate fanouts▷ It also takes into account extra nets created▷ It collapses a node into its fanout only if the resulting fanout is mfeasible▷ It associates a cost with each ↼node fanout↽ pair which reβects the extra nets created if node is collapsed into the fanout▷ It then selects pairs with lowest costs and collapses them▷ With t option a node is considered for collapsing into all the fanouts and is collapsed if all the fanouts remain mfeasible after collapsing▷ The node is then deleted from the network▷ Further optimization results by considering the technique of moving of fanins ↼using m option↽▷ This technique is applied as follows▷ Before considering the collapse of node n into its fanout↼s↽ we check if any fanin F of n could be moved to G another fanin of n▷ This increases the chances of n being collapsed into its fanout↼s↽▷ Moreover it may later enable some other fanin of n to be collapsed into n▷ Overall Algorithm We αrst apply technologyindependent optimization on the given network▷ Each infeasible node of this network is mapped as follows▷ We αrst decompose it into an mfeasible subnetwork using the techniques discussed above▷ The block count minimization is then applied on this subnetwork▷ Applying decomposition and block count minimization nodebynode gives better results than αrst applying decomposition on the entire network and then using block count minimization▷ The reason is that the exact block count minimization on the full network is computationally intensive and hence is run only in heuristic mode▷ The nodebynode mapping paradigm does not exploit structural relationship between the nodes of the network▷ This is achieved in command xl part coll ↼for partial collapse↽ by collapsing each node into its fanouts remapping the fanouts and computing the gain from this collapse▷ A greedy approach is employed the collapse is accepted if it results in a gain▷ Next we apply a heuristic block count minimization on the entire network ↼for example xl cover h 3↽▷ For good results the following script may be used. xl part coll m g 2 xl coll ck xl partition m simplify xl imp xl partition t xl cover e 30 u 200 xl coll ck k For very fast results the following script may be used. xl ao xl partition tm xl coll ck collapses a feasible network if the number of primary inputs is small ↼speciαed by c option↽ applies RothKarp decomposition and cofactoring schemes picks the best result and compares with the original network

↼before collapsing↽▷ If the number of nodes is smaller accepts the better decomposition▷ It does nothing if m / 2▷ If k option is speciαed RothKarp decomposition is not applied, only cofactoring is used▷ Note that in all the commands the default value of m is 5▷ It may be changed by specifying n option to each command▷ Intermediate points in the qualitytime tradeoff curve may be obtained by suitably modifying the scripts▷ One useful command not described above is xl nodevalue v support▷ It prints nodes that have at least support fanins▷ This command is used to make sure that a feasible network has indeed been obtained▷ For example if m = 5, use xl nodevalue -v 6.

Handling Two Outputs

There are special features in some TLU architectures. For example, in the Xilinx architecture, a CLB may implement one function of at most 5 inputs, or two functions if both of them have at most 4 inputs each and the total number of inputs is at most 5 (in which case they are called mergeable). The problem is to minimize the number of two-output CLB’s used for a given circuit description. SIS has two special commands for handling two-output CLB’s:

xl merge identify function-pairs to be placed on the same block xl decomp two cube-packing targeted for two-output CLB’s The approach currently followed in SIS is to minimize ffrst the number of single-output blocks using the script(s) described above and then use xl merge as a post-processing step to place maximum number of mergeable functionpairs in one CLB each. This reduces to the following problem: ΨGiven a feasible network, ffnd the largest set of disjoint pairs of mergeable functions.˚ We have shown that this problem can be formulated as the maximum cardinality matching problem in a related graph. An exact solution can be generated using lindo, an integer linear programming package. If lindo is not found in the path, xl merge switches to a heuristic to solve the matching problem.

A different approach that sometimes gives better results is the following. First obtain a 4-feasible network (by running any one of the above scripts with -n 4) and then use xl merge without -F option. Since there are no nodes with 5 inputs, all nodes can potentially pair with other nodes. As a result the number of matches is higher. When -F option is not used, xl merge ffrst ffnds maximum number of mergeable function pairs and then applies block minimization on the subnetwork consisting of unmatched nodes of the network. This sometimes results in further savings. We recommend that the user should use scripts for both 4-feasible and 5-feasible, apply xl merge and pick the network that uses lower number of CLB’s.

The command xl decomp two does decomposition of the network targeted for two-output CLB’s. It is a modiffcation of the cube-packing approach. However, it does not guarantee a feasible network; other decomposition commands should be run afterwards to ensure feasibility.

Timing Optimization

xl rl performs delay optimizations during logic synthesis. Given a feasible network (preferably generated by speed up), xl rl reduces the number of levels of TLU blocks used in the network. Then any block count minimization command (e.g. xl cover, xl partition) can be applied to reduce the number of blocks without increasing the number of levels. The details of the complete algorithm may be found in [36].

3.4.2 Synthesis for MB architectures

We have implemented synthesis algorithms for Actel’s act1 architecture (Figure 9). The command is called act map. The architecture act (that is, act1 with the OR gate removed) is also supported. No library needs to be read.

The outline of the algorithm [34] is as follows: ffrst, for each node of the network a BDD (ordered or unordered) is constructed. The basic block of the architecture is represented with pattern graphs. The problem of covering the BDD with minimum number of pattern graphs is solved by ffrst decomposing the BDD into trees and then mapping each tree onto the pattern-graphs using a dynamic programming algorithm. The overall algorithm is very similar to the one for TLU architecture. After initial mapping, an iterative improvement phase of partial collapse, decomposition and quick phase is entered. Quick phase decides if it is better to implement a node in the complement form. The user may specify number of iterations, limits on number of fanins of nodes for collapsing or decomposition. A bdnet-like ffle may be generated in which case the mapped network consists of nodes that are implemented by one basic block each.

Figure 9: Two multiplexor-based architectures

3.5 Summary of SIS

Some of the new commands in SIS and their functions are summarized in Table 2. Currently SIS is being exercised on a number of standard and industrial examples, and being tested at various academic and industrial locations. The algorithms, particularly simpliffcation and veriffcation, are being run through large examples to test their robustness in terms of CPU time and memory usage.

New techniques are being explored for overcoming current limitations in the size of the circuits that can be manipulated. One direction for improvement is BDD ordering. Since the ordering of variables for constructing a BDD has a direct effect on the size of the BDD, with improved algorithms for determining the variable ordering, the size of the BDDs will decrease allowing larger circuits to be synthesized with these techniques.

The sequential technology mapping algorithm supports both synchronous and asynchronous latches, but not synchronous latches with asynchronous signals (e.g. set, reset). These latches cannot be represented by a combinational network feeding a latch element; some additional logic is required at the latch output. This introduces a cyclic dependency to the cost function, and the tree-covering can no longer be solved by a dynamic programming algorithm. Solutions to this problem are under investigation. One possibility is to tag every primary input and output node as either synchronous or asynchronous. Then, a latch with asynchronous set/reset signals can be represented as a latch with only synchronous set/reset signals, and the mapper distinguishes between the two by the types of input pins.

A project is underway to store an un-encoded state machine in an MDD representation (multiple-valued decision diagram) [49] rather than the cumbersome STG representation; state assignment algorithms that work from multi-level logic descriptions represented as MDDs are being explored. Also under investigation are techniques for sequential test pattern generation. While the BLIF format allows a hierarchical net-list to be given, currently the hierarchy is fiattened to a single sequential circuit in SIS. This limitation is being addressed in the development of a hierarchical version of SIS.

4 Part II: Using the SIS Design Environment

4.1 Synchronous Synthesis Example

The synthesis of a sequential circuit using SIS is best illustrated with an example. The example chosen is mark1, which is in the MCNC benchmark set [26]. The speciffcation is given in the KISS format (part of a smaller example in KISS is embedded in the BLIF speciffcation of Figure 2).

sis¿ read˙kiss mark1.kiss2

mark1.kiss2 pi= 5 po=16 nodes= 0 latches= 0 lits(sop)= 0 lits(fac)= 0 #states(STG)= 16

STG Manipulation one hot quick state assignment using one hot encoding state assign ffnd an optimal binary code for each state and create a corresponding network state minimize minimize the number of states by merging compatible states stg cover verify that the STG behavior contains the logic behavior stg extract extract an STG from a logic implementation

Combinational Optimization full simplify simplify the two-level function at each node using external, satisffability, and observability don’t cares fx extract common single-cube and double-cube divisors red removal remove combinational redundancies reduce depth improve performance by selectively reducing the circuit depth

Sequential Optimization randr optimize using combined retiming and resynthesis retime move the registers for minimum cycle or minimum number of registers

ASTG Analysis astg current print ASTG information astg marking print initial marking astg print sg print state graph (after synthesis) astg print stat print other ASTG information

ASTG Synthesis astg syn synthesize hazard-free implementation with unbounded gate-delay astg to f synthesize and do hazard analysis with bounded wire-delay astg slow remove hazards (after mapping) with bounded wire-delay astg contract reduce the ASTG to the signals required for a single output astg lockgraph ensure complete state coding (marked graph only) astg persist ensure persistency (marked graph only) astg to stg produce state transition graph equivalent to ASTG

Miscellaneous atpg test pattern generation on combinational logic (assumes a scan design) extract seq dc extract unreachable states and store as external don’t cares verify fsm verify the equivalence of two state machines using implicit state enumeration techniques

Table 2: Partial List of New SIS commands

Some statistics are given: the name of the circuit, the number of primary inputs and outputs, the number of nodes in the multi-level logic implementation, the number of latches, the number of literals in sum-of-product and factored form, and the number of states in the STG. The number of literals is the number of variables in true and complemented form that appear in the Boolean functions for all nodes. The number of literals in factored form is roughly equal to the number of transistor pairs that would be required for a static CMOS implementation. Since only the STG data structure is present, the only statistics reported are number of inputs and outputs and the number of states in the STG.

State minimization is performed on the circuit with the STAMINA program

sis¿ state˙minimize stamina

Running stamina, written by June Rho, University of Colorado at Boulder Number of states in original machine : 16 Number of states in minimized machine : 12

mark1.kiss2 pi= 5 po=16 nodes= 0 latches= 0 lits(sop)= 0 lits(fac)= 0 #states(STG)= 12

and the number of states in the STG is reduced from 16 to 12.

State assignment determines binary codes for each state and substitutes these codes for the symbolic states, creating a logic-level implementation.

sis¿ state˙assign jedi

mark1.kiss2 pi= 5 po=16 nodes= 20 latches= 4 lits(sop)= 195 lits(fac)= 144 #states(STG)= 12

The JEDI state assignment program targets a multi-level implementation, The number of latches refiects the number of encoding bits used by the state assignment program. There are four unused state codes; these will later be extracted and used as don’t care conditions during the optimization.

Next the standard script from MISII is called, which iteratively extracts common cubes and factors, resubstitutes them in the node functions, and collapses nodes whose literal-count savings is below a threshold. The result is a circuit with a signiffcant improvement in the number of literals.

sis¿ source script

mark1.kiss2 pi= 5 po=16 nodes= 16 latches= 4 lits(sop)= 91 lits(fac)= 81 #states(STG)= 12

No further improvement can be obtained by subsequent invocations of the standard MISII script. The powerful node simpliffcation procedure is called to minimize the Boolean functions at each node using a large don’t care set, which includes both ODC’s and SDC’s.

sis¿ full˙simplify

mark1.kiss2 pi= 5 po=16 nodes= 16 latches= 4 lits(sop)= 91 lits(fac)= 80 #states(STG)= 12

In this case, the improvement is insigniffcant, but further improvements can be obtained by running the simpliffcation algorithm with sequential don’t cares. These don’t cares are unreachable states computed using implicit state enumeration techniques.

sis¿ extract˙seq˙dc

number of latches = 4 depth = 6 states visited = 12

During this process, 12 states are visited in breadth-ffrst order, and the remaining 4 are stored as don’t care conditions. These are exploited by full simplify.

sis¿ full˙simplify

mark1.kiss2 pi= 5 po=16 nodes= 16 latches= 4 lits(sop)= 79 lits(fac)= 70 #states(STG)= 12

The series of commands executed above demonstrate the improvements that the full simplify algorithm with sequential don’t cares obtains over the simplify algorithm in the MISII standard script. However, our recommendation is to use a new script, script.rugged instead of the MISII standard script. The new script extracts factors faster using fx, and hence will quickly reduce the size of large examples. Initially it uses the faster but less powerful MISII minimization; full simplify is used later in the script for powerful node minimization. For the mark1 example, a better result than the one shown above can be obtained automatically by invoking script.rugged. The following commands are applied to mark1 after state assignment.

sis¿ extract˙seq˙dc sis¿ source script.rugged

mark1.kiss2 pi= 5 po=16 nodes= 17 latches= 4 lits(sop)= 70 lits(fac)= 66 #states(STG)= 12

The retiming algorithm can be run to improve the cycle time of the circuit.

sis¿ retime -n Lower bound on the cycle time = 3.40 Retiming will minimize the cycle time RETIME: Initial clk = 13.60, Desired clk = 3.40 initial cycle delay = 13.60 initial number of registers = 4 initial logic cost = 78.00 initial register cost = 4.00

Failed at 3.40 : Now attempting 8.50 Failed at 8.50 : Now attempting 11.05 Failed at 11.05 : Now attempting 12.32 Failed at 12.32 : Now attempting 12.96 Failed at 12.96 : Now attempting 13.28 Failed at 13.28 : Now attempting 13.44 Success at 13.44, Delay is 13.40 Success: Now attempting 13.34 Quitting binary search at 13.34

final cycle delay = 13.40 final number of registers = 8 final logic cost = 78.00 final register cost = 8.00

RETIME: Final cycle time achieved = 13.40 mark1.kiss2 pi= 5 po= 16 nodes= 17 latches= 8 lits(sop)= 70 lits(fac)= 66

The result is that the cycle time decreases from 13.6 to 13.4, while the number of latches increases from 4 to 8. In this example, the increase in latches outweighs the small decrease in cycle time. However, in many cases only a small increase in the number of latches is required for a signiffcant improvement in cycle time. Moreover, the user can control the tradeoff between latch count and cycle time.

Finally, a library of gates including latches is read in.

sis¿ rlib lib2.genlib

lib2.genlib is based on a standard-cell design style and is from the MCNC benchmark set [26]. It has been augmented with latches. The circuit is mapped into a net-list of gates and latches in this target technology.

sis¿ map -s total gate area: 104864.00 maximum arrival time: (19.75,20.35)

mark1.kiss2 pi= 5 po=16 nodes= 50 latches= 9 lits(sop)= 120 lits(fac)= 105

The number of literals changes as the mapping routine restructures the network to fft the target technology. The gate area is based on standard-cell grid count, and the arrival time is computed with static timing analysis, using the delays on the gates given in the library. The two numbers represent the maximum rise and fall delays.

A new script, script.delay, is provided with SIS and targets performance optimization. It should be used after area optimization is complete. If it is invoked for mark1 after the rugged script is used, the result is as follows:

total gate area: 116000.00 maximum arrival time: ( 8.08, 8.19)

This is compared with the best results for area optimization, which, in the example above, is the circuit obtained after the last application of script.rugged:

total gate area: 79344.00 maximum arrival time: (15.82,16.33)

The use of script.delay resulted in a 50% improvement in speed for a 46% penalty in area. Again, the user can control the trade-off between area and delay by varying the parameters supplied to the various algorithms.

4.2 Asynchronous Synthesis Example

Let us examine a simple example of a signal transition graph from [8], shown in Figure 10. It is a marked graph (no place has multiple predecessors or successors), and no initial marking is given.

.model two˙phase˙fifo .inputs Ri Ao D .outputs Ro Ai L .graph D- L-/1 Ro- L-/1 Ai- Ai- Ri+ Ri+ L+/1 Ro- Ao- Ao- L+/1 L+/1 D+ D+ L-/2 Ro+ L-/2 Ai+ Ai+ Ri- Ri- L+/2

Figure 10: A Signal Transition Graph and its State Graph

Ro+ Ao+ Ao+ L+/2 L+/2 D- .end

Suppose that the signal transition graph is contained in a ffle called chu150.g. The following SIS session shows an example of how to use the main commands that use the unbounded gate-delay model.

sis¿ read˙astg chu150.g sis¿ astg˙syn sis¿ print

Ai˙next = Ai˙ D + Ai˙ –L˝ + D –L˝’ –L˝ = Ao D Ri’ + Ao’ D’ Ri –Ro˝ = D –Ai˝ = Ai˙ sis¿ print˙latch input: –Ai˙next˝ output: Ai˙ init val: 1 cur val: 1 type: as control: none sis¿ print˙io primary inputs: Ri Ao D Ai˙ primary outputs: –Ai˙next˝ –Ro˝ –Ai˝ –L˝ sis¿ astg˙current two˙phase˙fifo

File: chu150.g (modified) Pure: Y Place-simple: Y Connected: Y Strongly Connected: Y Free Choice: Y Marked Graph: Y State Machine: N SM components: 4 MG components: 1 sis¿ astg˙marking –¡L+/2,D-¿˝ sis¿ astg˙print˙stat File Name = chu150.g Total Number of Signals = 6 (I = 3/O = 3) Initial State = state 55 : (Ri=0 Ao=1 D=1 Ro=1 Ai=1 L=1 ) enabled transitions : [D- ]

Total Number of States = 26 sis¿

astg syn automatically computes an initial marking, printed with astg marking, that corresponds to the (implicit) place between L+2 and D� being marked, and hence to the state labeled 011111 in the state graph.

Note that the function of signal Ai depends on the signal itself. In order to break the asynchronous feedback loop, an asynchronous latch is inserted between primary output Ai next and primary input Ai . So each output signal that is part of an asynchronous feedback loop is represented inside SIS by three distinct signals: • ⊣ ⊖⊘⌋⊔⟩⊔⟩≀⊓∫⪰ √∇⟩⇕⊣∇† ⟩\√⊓⊔ ⇐⌈⟩∫⊔⟩\}⊓⟩∫⟨⌉⌈ ⌊† ⊖ ⪰⇒⇔ • ⊣ ⊖⊘⌋⊔⟩⊔⟩≀⊓∫⪰ √∇⟩⇕⊣∇† ≀⊓⊔√⊓⊔ ⇐⌈⟩∫⊔⟩\}⊓⟩∫⟨⌉⌈ ⌊† ⊖ \⌉§⊔⪰⇒⇔ • ⊣ ⊖∇⌉⊣↕⪰ √∇⟩⇕⊣∇† ≀⊓⊔√⊓⊔↙ A↕↕ ⊔⟨∇⌉⌉ ∫⟩}\⊣↕∫⇔ ⊔⟨≀⊓}⟨⇔ ⊣∇⌉ ⊣⌋⊔⊓⊣↕↕† ⌈⟩∇⌉⌋⊔↕† ⌋≀\\⌉⌋⊔⌉⌈ ⊔≀ ⌉⊣⌋⟨ ≀⊔⟨⌉∇⇔ ∫⟩\⌋⌉ ⊣\ ⊣∫†\⌋⟨∇≀\≀⊓∫ ↕⊣⊔⌋⟨ ∇⌉√∇⌉∫⌉\⊔∫ ≀\↕† ⊣ ⌈⌉↕⊣† ⌉↕⌉⇕⌉\⊔ ⊓∫⌉⌈ ⊔≀ ⌊∇⌉⊣‖ ⊔⟨⌉ ↕≀≀√↙ T⟨⟩∫ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ⊔∇⟩⌋‖ ⟩∫ ∇⌉∐⊓⟩∇⌉⌈ ⊔≀ ⌈⌉∫⌋∇⟩⌊⌉ ⊣\ ⊣∫†\⌋⟨∇≀\≀⊓∫ ⌋⟩∇⌋⊓⟩⊔ ⊒⟩⊔⟨⟩\ ⊣ {∇⊣⇕⌉⊒≀∇‖ ⌊⌉⊔⊔⌉∇ ∫⊓⟩⊔⌉⌈ {≀∇ ∫†\⌋⟨∇≀\≀⊓∫ ∫†∫⊔⌉⇕∫↙ S⟩}\⊣↕∫ L ⊣\⌈ R≀⇔ ≀\ ⊔⟨⌉ ≀⊔⟨⌉∇ ⟨⊣\⌈⇔ ⊣∇⌉ √⊓∇⌉↕† ⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕⇔ ⟨⌉\⌋⌉ ⊔⟨⌉† ⊣∇⌉ |⊓∫⊔ ∇⌉√∇⌉∫⌉\⊔⌉⌈ ⊣∫ ⊣ ⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ↕≀}⟩⌋ ⌊↕≀⌋‖↙ N≀⊒ ⊒⌉ ⌋⊣\ ⌉§⊣⇕⟩\⌉ ⊣ ∫⟩⇕⟩↕⊣∇ ∫⌉∫∫⟩≀\ ⊓∫⟩\} ⊔⟨⌉ ⌊≀⊓\⌈⌉⌈ ⊒⟩∇⌉↖⌈⌉↕⊣† ⇕≀⌈⌉↕ ⌋≀⇕⇕⊣\⌈∫↙ ∫⟩∫⊤ ∇⌉⊣⌈∨⊣∫⊔} ⌋⟨⊓∞▽′↙} ∫⟩∫⊤ ⊣∫⊔}∨⊔≀∨{ ∫⟩∫⊤ √∇⟩\⊔ ¶R≀∨\⌉§⊔♦ ℑ D ∪∞▽⊎ ℑ A⟩∨ D ⇓ A⟩∨ L∨ ⇓ D L∨≃ ¶A⟩♦ ℑ A⟩∨ ∪∞⊎ ℑ A≀ D R⟩≃ ⇓ A≀≃ D≃ R⟩ ¶L♦ ℑ L∨ ∫⟩∫⊤ √∇⟩\⊔∨↕⊣⊔⌋⟨ ⟩\√⊓⊔¬ ¶∪∞▽⊎♦ ≀⊓⊔√⊓⊔¬ A⟩∨ ⟩\⟩⊔ ⊑⊣↕¬ ∞ ⌋⊓∇ ⊑⊣↕¬ ∋ ⊔†√⌉¬ ⊣∫ ⌋≀\⊔∇≀↕¬ \≀\⌉ ⟩\√⊓⊔¬ ¶∪∞⊎♦ ≀⊓⊔√⊓⊔¬ L∨ ⟩\⟩⊔ ⊑⊣↕¬ ∞ ⌋⊓∇ ⊑⊣↕¬ ∋ ⊔†√⌉¬ ⊣∫ ⌋≀\⊔∇≀↕¬ \≀\⌉ ∫⟩∫⊤ √∇⟩\⊔∨⟩≀ √∇⟩⇕⊣∇† ⟩\√⊓⊔∫¬ R⟩ A≀ D A⟩∨ L∨ √∇⟩⇕⊣∇† ≀⊓⊔√⊓⊔∫¬ ¶R≀∨\⌉§⊔♦ ¶A⟩♦ ¶L♦ ¶∪∞▽⊎♦ ¶∪∞⊎♦ ∫⟩∫⊤ ∇⌉⊣⌈∨↕⟩⌊∇⊣∇† ⊣∫†\⌋⟨↙}⌉\↕⟩⌊ ∫⟩∫⊤ ⇕⊣√ ↖W ∫⟩∫⊤ √∇⟩\⊔∨↕⊣⊔⌋⟨ ⟩\√⊓⊔¬ ¶∪▽∀⊎♦ ≀⊓⊔√⊓⊔¬ A⟩∨ ⟩\⟩⊔ ⊑⊣↕¬ ∞ ⌋⊓∇ ⊑⊣↕¬ ∋ ⊔†√⌉¬ ⊣∫ ⌋≀\⊔∇≀↕¬ \≀\⌉ ⟩\√⊓⊔¬ ¶∪▽∀⊎̸♦ ≀⊓⊔√⊓⊔¬ L∨ ⟩\⟩⊔ ⊑⊣↕¬ ∞ ⌋⊓∇ ⊑⊣↕¬ ∋ ⊔†√⌉¬ ⊣∫ ⌋≀\⊔∇≀↕¬ \≀\⌉ ∫⟩∫⊤ √∇⟩\⊔∨⟩≀ √∇⟩⇕⊣∇† ⟩\√⊓⊔∫¬ R⟩ A≀ D A⟩∨ L∨ √∇⟩⇕⊣∇† ≀⊓⊔√⊓⊔∫¬ ¶R≀∨\⌉§⊔♦ ¶A⟩♦ ¶L♦ ¶∪▽∀⊎♦ ¶∪▽∀⊎̸♦ ∫⟩∫⊤ √∇⟩\⊔∨}⊣⊔⌉ ↖∫ ⊣≀∋∋¬⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ¬ ∞ ⇐⊣∇⌉⊣ℑ△̸↙′′⇒ ⌈⌉↕⊣†¬⊣∫†\⌋⟨ ¬ ∞ ⇐⊣∇⌉⊣ℑ′↙′′⇒ ⟩\⊑¬⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ¬ ∋ ⇐⊣∇⌉⊣ℑ∞↙̸′′⇒ \≀∇∈¬⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ¬ ∈ ⇐⊣∇⌉⊣ℑ∈△↙′′⇒ ∫∇∨\≀∇¬⊣∫†\⌋⟨ ¬ ∞ ⇐⊣∇⌉⊣ℑ△′↙′′⇒ T≀⊔⊣↕¬ ∀ }⊣⊔⌉∫⇔ ∈′′↙′′ ⊣∇⌉⊣ ∫⟩∫⊤ √∇⟩\⊔∨⌈⌉↕⊣† ↖⊣√ ∞ ≀⇐⇒ ↙↙↙ ⊓∫⟩\} ↕⟩⌊∇⊣∇† ⌈⌉↕⊣† ⇕≀⌈⌉↕

∈

F⟩}⊓∇⌉ ∞∞¬ A\ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ F⟩}⊓∇⌉ ∞′

¶∪▽∀⊎♦ ¬ ⊣∇∇⟩⊑⊣↕ℑ⇐ △↙′̸ △↙′̸⇒ ∫⟩∫⊤ ⊣∫⊔}∨∫↕≀⊒ ↖⌈ ↙∀ S↕≀⊒⟩\} ⌈≀⊒\ D ⇐{⊣⟩↕∫ ⌊† ′↙′̸⇒ ∫⟩∫⊤ √∇⟩\⊔∨}⊣⊔⌉ ↖∫ ⊣≀∋∋¬⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ¬ ∞ ⇐⊣∇⌉⊣ℑ△̸↙′′⇒ ⌈⌉↕⊣†¬⊣∫†\⌋⟨ ¬ ∞ ⇐⊣∇⌉⊣ℑ′↙′′⇒ ⟩\⊑¬⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ¬ ▽ ⇐⊣∇⌉⊣ℑ∞↙̸′′⇒ \≀∇∈¬⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ¬ ∈ ⇐⊣∇⌉⊣ℑ∈△↙′′⇒ ∫∇∨\≀∇¬⊣∫†\⌋⟨ ¬ ∞ ⇐⊣∇⌉⊣ℑ△′↙′′⇒ T≀⊔⊣↕¬ ∞′ }⊣⊔⌉∫⇔ ∈∋∈↙′′ ⊣∇⌉⊣ ∫⟩∫⊤ √∇⟩\⊔∨⌈⌉↕⊣† ↖⊣√ ∞ ≀⇐⇒ ↙↙↙ ⊓∫⟩\} ↕⟩⌊∇⊣∇† ⌈⌉↕⊣† ⇕≀⌈⌉↕ ¶∪▽∀⊎♦ ¬ ⊣∇∇⟩⊑⊣↕ℑ⇐ ↙′′ ↙′′⇒ ∫⟩∫⊤ T⟨⌉ ∫†\⊔⟨⌉∫⟩‡⌉⌈ ⌋⟩∇⌋⊓⟩⊔ ⟩∫ ∫⟨≀⊒\ ⟩\ F⟩}⊓∇⌉ ∞∞⇔ ⊒⟨⌉∇⌉ ⊔⟨⌉ ⌈⌉↕⊣† ⌉↕⌉⇕⌉\⊔ ∫†⇕⌊≀↕ ⌈⌉\≀⊔⌉∫ ⊣\ ⊣∫†\⌋⟨∇≀\≀⊓∫ ↕⊣⊔⌋⟨ ⊔⟨⊣⊔ ⟩∫ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⌊† ⊣ ∫⟩⇕√↕⌉ ⊒⟩∇⌉↙ T⟨⌉ ⌈⌉↕⊣†∫ ∇⌉√≀∇⊔⌉⌈ ⌊† √∇⟩\⊔ ⌈⌉↕⊣† ⊣∇⌉ ⇕⌉⊣∫⊓∇⌉⌈ ⊒⟩⊔⟨⟩\ ⊔⟨⌉ ⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ↕≀}⟩⌋ ≀\↕†⇔ ∫≀ ⊔⟨⌉ ↕≀\}⌉∫⊔ √⊣⊔⟨ ≀{ ↙′ ⊓\⟩⊔∫ ⊣⊔ ⊔⟨⌉ ⌉\⌈ ⟩∫ ⌊⌉⊔⊒⌉⌉\ \≀⌈⌉∫ D ⊣\⌈ ∪▽∀⊎̸↙ N≀⊔⌉ ⊔⟨⊣⊔ ⟩\ ⊔⟨⌉ ⌊≀⊓\⌈⌉⌈ ⊒⟩∇⌉↖⌈⌉↕⊣† ⌋⊣∫⌉ ⊣∫†\⌋⟨∇≀\≀⊓∫ ↕⊣⊔⌋⟨⌉∫ ⊣∇⌉ ⊓∫⌉⌈ ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔ ⌉⊑⌉∇† ∫⟩}\⊣↕ ⇐\≀⊔ |⊓∫⊔ ∫⌉↕{↖ ⌈⌉√⌉\⌈⌉\⊔ ≀\⌉∫⇒⇔ ⟩\ ≀∇⌈⌉∇ ⊔≀ ⌊⌉ ⊣⌊↕⌉ ⊔≀ ⊔∇⊣⌋⌉ ⌈⌉↕⊣†∫ ⊣⌋∇≀∫∫ ⊔⟨⌉ \⌉⊔⊒≀∇‖↙ T⟨⌉ ≀\↕† ⌉§⌋⌉√⊔⟩≀\ ⟩∫ ∫⟩}\⊣↕ R≀⇔ ⊒⟨≀∫⌉ {⊓\⌋⊔⟩≀\ ⟩∫ |⊓∫⊔ ⊣ ⊒⟩∇⌉↙ T⟨⌉ ⌋⟩∇⌋⊓⟩⊔ ⊣{⊔⌉∇ ⊔⌉⌋⟨\≀↕≀}† ⇕⊣√√⟩\} ⟨⊣∫ ⊣ ⟨⊣‡⊣∇⌈ ⌈⊓⌉ ⊔≀ ⊔⟨⌉ ⌉⊣∇↕† ⊣∇∇⟩⊑⊣↕ ≀{ ∫⟩}\⊣↕ D ⟩{ ⊒⌉ ⊓∫⌉ ⊣ ⌈⌉↕⊣† ⇕≀⌈⌉↕ ⊒⟨⌉∇⌉ ⊔⟨⌉ ⇕⟩\⟩⇕⊓⇕ ⌈⌉↕⊣† ⊣⌋∇≀∫∫ ⊣ }⊣⊔⌉ ⟩∫ ∀′↗ ≀{ ⟩⊔∫ ⇕⊣§⟩⇕⊓⇕ ⌈⌉↕⊣† ⇐⊣∫ ∫√⌉⌋⟩⊘⌉⌈ ⌊† ↖⌈ ↙∀⇒↙ S≀ ⊣∫⊔} ∫↕≀⊒ ⟩\∫⌉∇⊔∫ ⊣ √⊣⟩∇ ≀{ ⟩\⊑⌉∇⊔⌉∇∫ ⊣{⊔⌉∇ D⇔ ⊔⟨⊓∫ ⟩\⌋∇⌉⊣∫⟩\} ⌊≀⊔⟨ ⊔⟨⌉ ⊣∇⌉⊣ ⊣\⌈ ⊔⟨⌉ ⌈⌉↕⊣† ≀{ ⊔⟨⌉ ⌋⟩∇⌋⊓⟩⊔ ⟩\ ≀∇⌈⌉∇ ⊔≀ ⌉↕⟩⇕⟩\⊣⊔⌉ ⊣↕↕ ⟨⊣‡⊣∇⌈∫↙ I{ ≀\ ⊔⟨⌉ ≀⊔⟨⌉∇ ⟨⊣\⌈⇔ ⊓∫⟩\} ≀⊓∇ ‖\≀⊒↕⌉⌈}⌉ ≀{ ⊔⟨⌉ ⌉\⊑⟩∇≀\⇕⌉\⊔ ⌊⌉⟨⊣⊑⟩≀∇⇔ ⊒⌉ ⌋≀⊓↕⌈ ⊣∫∫⊓⇕⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ⇕⟩\⟩⇕⊓⇕ ∇⌉⊣⌋⊔⟩≀\ ⊔⟩⇕⌉ ≀{ ⊔⟨⌉ ⌉\⊑⟩∇≀\⇕⌉\⊔ ⟩∫ ∈ ⊔⟩⇕⌉ ⊓\⟩⊔∫ ⇐⊣∫ ∫√⌉⌋⟩⊘⌉⌈ ⌊† ↖⊔ ∈⇒⇔ ⊔⟨⌉\ ⊔⟨⌉ ⌋⟩∇⌋⊓⟩⊔ ⊒≀⊓↕⌈ ⌊⌉ ⟨⊣‡⊣∇⌈↖{∇⌉⌉ ⊒⟩⊔⟨≀⊓⊔ ⊔⟨⌉ \⌉⌉⌈ ⊔≀ ⟩\∫⌉∇⊔ ⊣\† ⌈⌉↕⊣†¬ ∫⟩∫⊤ ∇⌉⊣⌈∨⊣∫⊔} ⌋⟨⊓∞▽′↙} ∫⟩∫⊤ ⊣∫⊔}∨⊔≀∨{ ∫⟩∫⊤ ∇⌉⊣⌈∨↕⟩⌊∇⊣∇† ⊣∫†\⌋⟨↙}⌉\↕⟩⌊ ∫⟩∫⊤ ⇕⊣√ ↖W ∫⟩∫⊤ ⊣∫⊔}∨∫↕≀⊒ ↖⌈ ↙∀ ↖⊔ ∈ ∫⟩∫⊤ √∇⟩\⊔∨}⊣⊔⌉ ↖∫ ⊣≀∋∋¬⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ¬ ∞ ⇐⊣∇⌉⊣ℑ△̸↙′′⇒ ⌈⌉↕⊣†¬⊣∫†\⌋⟨ ¬ ∞ ⇐⊣∇⌉⊣ℑ′↙′′⇒ ⟩\⊑¬⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ¬ ∋ ⇐⊣∇⌉⊣ℑ∞↙̸′′⇒ \≀∇∈¬⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ¬ ∈ ⇐⊣∇⌉⊣ℑ∈△↙′′⇒ ∈∀

∫∇∨\≀∇¬⊣∫†\⌋⟨ ¬ ∞ ⇐⊣∇⌉⊣ℑ△′↙′′⇒ T≀⊔⊣↕¬ ∞′ }⊣⊔⌉∫⇔ ∈′′↙′′ ⊣∇⌉⊣ ∫⟩∫⊤ √∇⟩\⊔∨⌈⌉↕⊣† ↖⊣√ ∞ ≀⇐⇒ ↙↙↙ ⊓∫⟩\} ↕⟩⌊∇⊣∇† ⌈⌉↕⊣† ⇕≀⌈⌉↕ ¶∪▽∀⊎♦ ¬ ⊣∇∇⟩⊑⊣↕ℑ⇐ △↙′̸ △↙′̸⇒ ∫⟩∫⊤

▽ C≀\⌋↕⊓∫⟩≀\∫ SIS ⟩∫ ⊣ ⌋≀⇕√∇⌉⟨⌉\∫⟩⊑⌉ ∫†∫⊔⌉⇕ {≀∇ ∫†\⊔⟨⌉∫⟩‡⟩\} ⊣\⌈ ≀√⊔⟩⇕⟩‡⟩\} ∫⌉∐⊓⌉\⊔⟩⊣↕ ⌋⟩∇⌋⊓⟩⊔∫↙ I⊔ ⟩∫ ⌉⊣∫⟩↕† ⟩\⊔⌉∇{⊣⌋⌉⌈ ⊒⟩⊔⟨ ≀⊔⟨⌉∇ ⌈⌉∫⟩}\ ⊔≀≀↕∫ ⊔⟨∇≀⊓}⟨ ⊒⟩⌈⌉↕† ⊓∫⌉⌈ ⟩\⊔⌉∇⌋⟨⊣\}⌉ {≀∇⇕⊣⊔∫⇔ ⊣\⌈ ⟩\⊔⌉}∇⊣⊔⌉∫ ⊣ \⊓⇕⌊⌉∇ ≀{ ∫⊔⊣⊔⌉↖≀{↖⊔⟨⌉↖⊣∇⊔ ⊣↕}≀∇⟩⊔⟨⇕∫ {≀∇ ∫†\⊔⟨⌉∫⟩∫⇔ ≀√⊔⟩⇕⟩‡⊣⊔⟩≀\⇔ ⊔⌉∫⊔⟩\}⇔ ⊣\⌈ ⊑⌉∇⟩⊘⌋⊣⊔⟩≀\↙ S⌉⊑⌉∇⊣↕ ∫⌋∇⟩√⊔∫ ⊣∇⌉ √∇≀⊑⟩⌈⌉⌈ ⊔≀ ⊣⊓⊔≀⇕⊣⊔⌉ ⊔⟨⌉ ∫†\⊔⟨⌉∫⟩∫ √∇≀⌋⌉∫∫ ⊣\⌈ ⊔≀ ∫⌉∇⊑⌉ ⊣∫ ⊣ ∫⊔⊣∇⊔⟩\} √≀⟩\⊔ {≀∇ ⌉§√⌉∇⟩⇕⌉\⊔⊣⊔⟩≀\ ⊒⟩⊔⟨ ⊔⟨⌉ √⊣∇⊣⇕⌉⊔⌉∇∫ ≀{ ⌉⊣⌋⟨ ⊣↕}≀∇⟩⊔⟨⇕↙ SIS ⊔⊣∇}⌉⊔∫ ∫√⌉⌋⟩⊘⌋⊣↕↕† ⊣ ∫⌉∐⊓⌉\⊔⟩⊣↕ ⌋⟩∇⌋⊓⟩⊔ ⌈⌉∫⟩}\ ⇕⌉⊔⟨≀⌈≀↕≀}† ⊣\⌈ ⊔⟨⌉∇⌉⌊† ⌋⊣\ ⌉§√↕≀⟩⊔ √∇≀√⌉∇⊔⟩⌉∫ ∫√⌉⌋⟩⊘⌋ ⊔≀ ∫⌉∐⊓⌉\⊔⟩⊣↕ ⌋⟩∇⌋⊓⟩⊔∫↙

̸A⌋‖\≀⊒↕⌉⌈}⌉⇕⌉\⊔∫ SIS ⟩∫ ⊣ |≀⟩\⊔ √∇≀|⌉⌋⊔ ∫⊓√√≀∇⊔⌉⌈ ⌊† ⊔⟨⌉ √∇≀{⌉∫∫≀∇∫ ⇐⟩\ √⊣∇⊔⟩⌋⊓↕⊣∇ P∇≀{⌉∫∫≀∇∫ B∇⊣†⊔≀\⇔N⌉⊒⊔≀\⇔ ⊣\⌈ S⊣\}⟩≀⊑⊣\\⟩↖V⟩\⌋⌉\⊔⌉↕↕⟩⇒ ⊣\⌈ ⇕⊣\† ≀{ ⊔⟨⌉ }∇⊣⌈⊓⊣⊔⌉ ∫⊔⊓⌈⌉\⊔∫ ⟩\ ⊔⟨⌉ CAD }∇≀⊓√ ⊣⊔ U↙C↙ B⌉∇‖⌉↕⌉†↙ M⊣\† ≀{ ⊔⟨⌉ ⟩⌈⌉⊣∫ ⊣⌊≀⊓⊔ ∫⌉∐⊓⌉\⊔⟩⊣↕ ⊣\⌈ ⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ↕≀}⟩⌋ ∫†\⊔⟨⌉∫⟩∫ ⟨⊣⊑⌉ ≀∇⟩}⟩\⊣⊔⌉⌈ ⟩\ ⊔⟨⌉ ⊣⌈⊑⊣\⌋⌉⌈ ⌋↕⊣∫∫⌉∫ ⊣\⌈ ∇⌉∫⌉⊣∇⌋⟨ ∫⌉⇕⟩\⊣∇∫ ⊒⟩⊔⟨⟩\ ⊔⟨⌉ }∇≀⊓√↙ M⊣\† ∫⊔⊓⌈⌉\⊔∫ ⟨⊣⊑⌉ ⌋≀\⊔∇⟩⌊⊓⊔⌉⌈ ⌋≀⌈⌉ ⊣\⌈ √⊣∇⊔⟩⌋⟩√⊣⊔⌉⌈ ⟩\ ⊔⟨⌉ ⌈⌉⊑⌉↕≀√⇕⌉\⊔ ≀{ SIS ¬ L⊓⌋⟩⊣\≀ L⊣⊑⊣}\≀⇔ S⟨⊣∇⊣⌈ M⊣↕⟩‖⇔ C⟨≀ M≀≀\⇔ R⊣|⌉⌉⊑ M⊓∇}⊣⟩⇔ A↕⌉§ S⊣↕⌈⊣\⟨⊣⇔ H⊣⇕⟩⌈ S⊣⊑≀|⇔ E↕↕⌉\ S⌉\⊔≀⊑⟩⌋⟨⇔ N⊣∇⌉\⌈∇⊣ S⟨⌉\≀†⇔ T≀⇕ S⟨⟩√↕⌉⇔ K⊣\⊒⊣∇ J⟩⊔ S⟩\}⟨⇔ M≀∫⟨⌉ S⊔⌉⟩\⌉∇⇔ P⊣⊓↕ S⊔⌉√⟨⊣\⇔ C≀↕⟩\ S⊔⌉⊑⌉\∫⇔ H⌉∇⊑≻⌉ T≀⊓⊣⊔⟩ ⊣\⌈ H⊓⌉†↖Y⟩⟨ W⊣\}↙ S⌉⊑⌉∇⊣↕ √∇≀}∇⊣⇕∫ ⊣∇⌉ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ⊒⟩⊔⟨ SIS ¬ JEDI ⇐∫⊔⊣⊔⌉ ⊣∫∫⟩}\⇕⌉\⊔⇒ ⌋≀\⊔∇⟩⌊⊓⊔⌉⌈ ⌊† B⟩↕↕ L⟩\⇔ NOVA ⇐∫⊔⊣⊔⌉ ⊣∫∫⟩}\⇕⌉\⊔⇒ ⌋≀\⊔∇⟩⌊⊓⊔⌉⌈⌊† T⟩‡⟩⊣\≀ V⟩↕↕⊣⇔ ⊣\⌈ STAMINA ⇐∫⊔⊣⊔⌉ ⇕⟩\⟩⇕⟩‡⊣⊔⟩≀\⇒ ⌋≀\⊔∇⟩⌊⊓⊔⌉⌈ ⌊† J⊓\⌉↖K†⊓\} R⟨≀ ⊣⊔ ⊔⟨⌉ U\⟩⊑⌉∇∫⟩⊔† ≀{ C≀↕≀∇⊣⌈≀ ⊣⊔ B≀⊓↕⌈⌉∇↙ T≀\† M⊣ ⊒∇≀⊔⌉ ⊔⟨⌉ SENUM √∇≀}∇⊣⇕ ⊓√≀\ ⊒⟨⟩⌋⟨ ⊔⟨⌉ STG ⌉§⊔∇⊣⌋⊔⟩≀\ ⊣↕}≀∇⟩⊔⟨⇕ ⟩∫ ⌊⊣∫⌉⌈↙ W⌉ }∇⊣⊔⌉{⊓↕↕† ⊣⌋‖\≀⊒↕⌉⌈}⌉ ⊔⟨⌉ ∫⊓√√≀∇⊔ ≀{ NSF ⊓\⌈⌉∇ }∇⊣\⊔ EMC↖∀△∞∃△△⇔ DARPA ⊓\⌈⌉∇ }∇⊣\⊔ JFBI∃′↖′∋⇔ ⊔⟨⌉ SRC⇔ ⊔⟨⌉ ∫⊔⊣⊔⌉ ≀{ C⊣↕⟩{≀∇\⟩⊣ MICRO √∇≀}∇⊣⇕⇔ I\⊔⌉↕⇔ AT↘T⇔ DEC⇔ ⊣\⌈ M≀⊔≀∇≀↕⊣↙

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

∪∀⊎ T↙ A↙ C⟨⊓↙ S†\⊔⟨⌉∫⟩∫ ≀{ S⌉↕{↖⊔⟩⇕⌉⌈ VLSI C⟩∇⌋⊓⟩⊔∫ {∇≀⇕ G∇⊣√⟨↖⊔⟨⌉≀∇⌉⊔⟩⌋ S√⌉⌋⟩⊘⌋⊣⊔⟩≀\∫↙ P⟨D ⊔⟨⌉∫⟩∫⇔ MIT⇔ J⊓\⌉ ∞∃∀↙ ∪∃⊎ T↙ A↙ C⟨⊓↙ S†\⊔⟨⌉∫⟩∫ ≀{ H⊣‡⊣∇⌈↖{∇⌉⌉ C≀\⊔∇≀↕ C⟩∇⌋⊓⟩⊔∫ {∇≀⇕ A∫†\⌋⟨∇≀\≀⊓∫ F⟩\⟩⊔⌉ S⊔⊣⊔⌉ M⊣⌋⟨⟩\⌉ S√⌉⌋⟩⊘⌋⊣⊔⟩≀\∫↙ I\ ACM I\⊔↕↙ W≀∇‖∫⟨≀√ ≀\ T⟩⇕⟩\} I∫∫⊓⌉∫ ⟩\ ⊔⟨⌉ S√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ⊣\⌈ S†\⊔⟨⌉∫⟩∫ ≀{ D⟩}⟩⊔⊣↕ S†∫⊔⌉⇕∫⇔ √⊣}⌉∫ ∞∘∞′⇔ ∞∃∃∈↙ ∪∞′⊎ O↙ C≀⊓⌈⌉∇⊔⇔ C↙ B⌉∇⊔⟨⌉⊔⇔ ⊣\⌈ J↙C↙ M⊣⌈∇⌉↙ V⌉∇⟩⊘⌋⊣⊔⟩≀\ ≀{ S⌉∐⊓⌉\⊔⟩⊣↕ M⊣⌋⟨⟩\⌉∫ B⊣∫⌉⌈ ≀\ S†⇕⌊≀↕⟩⌋ E§⌉⌋⊓⊔⟩≀\↙ I\ P∇≀⌋↙ ≀{ ⊔⟨⌉ W≀∇‖∫⟨≀√ ≀\ A⊓⊔≀⇕⊣⊔⟩⌋ V⌉∇⟩⊘⌋⊣⊔⟩≀\ M⌉⊔⟨≀⌈∫ {≀∇ F⟩\⟩⊔⌉ S⊔⊣⊔⌉ S†∫⊔⌉⇕∫⇔ G∇⌉\≀⌊↕⌉⇔ F∇⊣\⌋⌉⇔ ∞∃∀∃↙ ∪∞∞⊎ G↙ D⌉M⟩⌋⟨⌉↕⟩↙ S†\⌋⟨∇≀\≀⊓∫ L≀}⟩⌋ S†\⊔⟨⌉∫⟩∫¬ A↕}≀∇⟩⊔⟨⇕∫ {≀∇ C†⌋↕⌉↖T⟩⇕⌉ M⟩\⟩⇕⟩‡⊣⊔⟩≀\↙ IEEE T∇⊣\∫⊣⌋⊔⟩≀\∫ ≀\ C≀⇕√⊓⊔⌉∇↖A⟩⌈⌉⌈ D⌉∫⟩}\⇔ ∞′⇐∞⇒¬∌∘∋⇔ J⊣\⊓⊣∇† ∞∃∃∞↙ ∪∞∈⊎ A\⌈∇⌉⊣ C⊣∫≀⊔⊔≀ ⌉⌈⟩⊔≀∇↙ O⌋⊔⊔≀≀↕∫↖▽↙∞ M⊣\⊓⊣↕∫↙ I\ UCB E↕⌉⌋⊔∇≀\⟩⌋∫ R⌉∫⌉⊣∇⌋⟨ L⊣⌊⇔ S⌉√⊔⌉⇕⌊⌉∇ ∞∃∃∞↙ ∪∞∋⊎ A↙ G⊣⇕⊣↕ ⌉⊔↙ ⊣↕↙ A\ A∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉ {≀∇ E↕⌉⌋⊔∇⟩⌋⊣↕↕† C≀\⊘}⊓∇⊣⌊↕⌉ G⊣⊔⌉ A∇∇⊣†∫↙ IEEE J≀⊓∇\⊣↕ ≀{ S≀↕⟩⌈↖S⊔⊣⊔⌉ C⟩∇⌋⊓⟩⊔∫⇔ ∈△⇐∈⇒¬∋∃△∘∋∃∀⇔ A√∇⟩↕ ∞∃∀∃↙ ∪∞△⊎ R↙J↙ F∇⊣\⌋⟩∫⇔ J↙ R≀∫⌉⇔ ⊣\⌈ Z↙ V∇⊣\⌉∫⟩⌋↙ C⟨≀∇⊔↕⌉↖⌋∇{¬ F⊣∫⊔ T⌉⌋⟨\≀↕≀}† M⊣√√⟩\} {≀∇ L≀≀‖⊓√ T⊣⌊↕⌉↖B⊣∫⌉⌈ FPGA∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ D⌉∫⟩}\ A⊓⊔≀⇕⊣⊔⟩≀\ C≀\{⌉∇⌉\⌋⌉⇔ √⊣}⌉∫ ∈∈∘∈∋∋⇔ J⊓\⌉ ∞∃∃∞↙ ∪∞▽⊎ G↙ D⌉ M⟩⌋⟨⌉↕⟩↙ S†\⌋⟨∇≀\≀⊓∫ ↕≀}⟩⌋ ∫†\⊔⟨⌉∫⟩∫↙ I\ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ W≀∇‖∫⟨≀√ ≀\ L≀}⟩⌋ S†\⊔⟨⌉∫⟩∫⇔ √⊣}⌉ ▽↙∈⇔ N≀∇⊔⟨ C⊣∇≀↕⟩\⊣⇔ M⊣† ∞∃∀∃↙ ∪∞⊎̸ A⌊⟨⟩|⟩⊔ G⟨≀∫⟨↙ T⌉⌋⟨\⟩∐⊓⌉∫ {≀∇ T⌉∫⊔ G⌉\⌉∇⊣⊔⟩≀\ ⊣\⌈ V⌉∇⟩⊘⌋⊣⊔⟩≀\ ⟩\ VLSI S⌉∐⊓⌉\⊔⟩⊣↕ C⟩∇⌋⊓⟩⊔∫↙ UCB P⟨D T⟨⌉↖ ∫⟩∫⇔ E↕⌉⌋⊔∇≀\⟩⌋∫ R⌉∫⌉⊣∇⌋⟨ L⊣⌊≀∇⊣⊔≀∇†⇔ C≀↕↕⌉}⌉ ≀{ E\}⟩\⌉⌉∇⟩\}⇔ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣⇔ B⌉∇‖⌉↕⌉†⇔ CA ∃△∈′⇔ D⌉⌋⌉⇕⌊⌉∇ ∞∃∃∞↙ ∪∞⊎ G↙D↙ H⊣⌋⟨⊔⌉↕⇔ J↙↖K↙ R⟨≀⇔ F↙ S≀⇕⌉\‡⟩⇔ ⊣\⌈ R↙ J⊣⌋≀⌊†↙ E§⊣⌋⊔ ⊣\⌈ H⌉⊓∇⟩∫⊔⟩⌋ A↕}≀∇⟩⊔⟨⇕∫ {≀∇ ⊔⟨⌉ M⟩\⟩⇕⟩‡⊣⊔⟩≀\ ≀{ I\⌋≀⇕√↕⌉⊔⌉↕† S√⌉⌋⟩⊘⌉⌈ S⊔⊣⊔⌉ M⊣⌋⟨⟩\⌉∫↙ I\ T⟨⌉ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ E⊓∇≀√⌉⊣\ C≀\{⌉∇⌉\⌋⌉ ≀\ D⌉∫⟩}\ A⊓⊔≀⇕⊣⊔⟩≀\⇔ √⊣}⌉∫ ∞∀△∘∞∃∞⇔ A⇕∫⊔⌉∇⌈⊣⇕⇔ T⟨⌉ N⌉⊔⟨⌉∇↕⊣\⌈∫⇔ F⌉⌊∇⊓⊣∇† ∞∃∃∞↙ ∪∞∀⊎ X⟩↕⟩\§ I\⌋↙ X⟩↕⟩\§ P∇≀}∇⊣⇕⇕⊣⌊↕⌉ G⊣⊔⌉ A∇∇⊣† U∫⌉∇≃∫ G⊓⟩⌈⌉⇔ ∞∃∀∀↙ ∪∞∃⊎ T↙ L⊣∇∇⊣⌊⌉⌉↙ E{⊘⌋⟩⌉\⊔ G⌉\⌉∇⊣⊔⟩≀\ ≀{ T⌉∫⊔ P⊣⊔⊔⌉∇\∫ U∫⟩\} B≀≀↕⌉⊣\ D⟩{{⌉∇⌉\⌋⌉↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ T⌉∫⊔ C≀\{⌉∇⌉\⌋⌉⇔ √⊣}⌉∫ ∃▽∘∀′∞⇔ ∞∃∀∃↙ ∪∈′⊎ L↙ L⊣⊑⊣}\≀⇔ K↙ K⌉⊓⊔‡⌉∇⇔ ⊣\⌈ A↙ S⊣\}⟩≀⊑⊣\\⟩↖V⟩\⌋⌉\⊔⌉↕↕⟩↙ A↕}≀∇⟩⊔⟨⇕∫ {≀∇ S†\⊔⟨⌉∫⟩∫ ≀{ H⊣‡⊣∇⌈↖{∇⌉⌉ A∫†\⌋⟨∇≀\≀⊓∫ C⟩∇⌋⊓⟩⊔∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ D⌉∫⟩}\ A⊓⊔≀⇕⊣⊔⟩≀\ C≀\{⌉∇⌉\⌋⌉⇔ √⊣}⌉∫ ∋′∈∘∋′∀⇔ J⊓\⌉ ∞∃∃∞↙ ∪∈∞⊎ C↙ E↙ L⌉⟩∫⌉∇∫≀\⇔ F↙ M↙ R≀∫⌉⇔ ⊣\⌈ J↙ B↙ S⊣§⌉↙ O√⊔⟩⇕⟩‡⟩\} S†\⌋⟨∇≀\≀⊓∫ C⟩∇⌋⊓⟩⊔∇† ⌊† R⌉⊔⟩⇕⟩\}↙ I\ A⌈⊑⊣\⌋⌉⌈ R⌉∫⌉⊣∇⌋⟨ ⟩\ VLSI¬ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ T⟨⟩∇⌈ C⊣↕⊔⌉⌋⟨ C≀\{⌉∇⌉\⌋⌉⇔ √⊣}⌉∫ ∀∘̸∞∞↙̸ C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉ P∇⌉∫∫⇔ ∞∃∀∋↙ ∪∈∈⊎ C↙ E↙ L⌉⟩∫⌉∇∫≀\ ⊣\⌈ J↙ B↙ S⊣§⌉↙ R⌉⊔⟩⇕⟩\} S†\⌋⟨∇≀\≀⊓∫ C⟩∇⌋⊓⟩⊔∇†↙ I\ TM ∋∈⇔ MIT∝LCS⇔ ▽△▽ T⌉⌋⟨\≀↕≀}† S∐⊓⊣∇⌉⇔ C⊣⇕⌊∇⟩⌈}⌉⇔ M⊣∫∫⊣⌋⟨⊓∫⌉⊔⊔∫ ′∈∞∋∃⇔ O⌋⊔≀⌊⌉∇ ∞∃∀∀↙ ∪∈∋⊎ C↙E↙ L⌉⟩∫⌉∇∫≀\ ⊣\⌈ J↙B↙ S⊣§⌉↙ O√⊔⟩⇕⟩‡⟩\} S†\⌋⟨∇≀\≀⊓∫ S†∫⊔⌉⇕∫↙ J≀⊓∇\⊣↕ ≀{ VLSI ⊣\⌈ C≀⇕√⊓⊔⌉∇ S†∫⊔⌉⇕∫⇔ ∞⇐∞⇒¬△∞∘⇎ S√∇⟩\} ∞∃∀∋↙ ∪∈△⊎ B↙ L⟩\ ⊣\⌈ A↙R↙ N⌉⊒⊔≀\↙ S†\⊔⟨⌉∫⟩∫ ≀{ M⊓↕⊔⟩√↕⌉ L⌉⊑⌉↕ L≀}⟩⌋ {∇≀⇕ S†⇕⌊≀↕⟩⌋ H⟩}⟨↖L⌉⊑⌉↕ D⌉∫⌋∇⟩√⊔⟩≀\ L⊣\}⊓⊣}⌉∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ VLSI⇔ √⊣}⌉∫ ∞∀∘∞∃⇎ A⊓}⊓∫⊔ ∞∃∀∃↙ ∪∈▽⊎ B↙ L⟩\⇔ H↙ T≀⊓⊣⊔⟩⇔ ⊣\⌈ A↙R↙ N⌉⊒⊔≀\↙ D≀\≃⊔ C⊣∇⌉ M⟩\⟩⇕⟩‡⊣⊔⟩≀\ ≀{ M⊓↕⊔⟩↖↕⌉⊑⌉↕ S⌉∐⊓⌉\⊔⟩⊣↕ L≀}⟩⌋ N⌉⊔⊒≀∇‖∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇↖A⟩⌈⌉⌈ D⌉∫⟩}\⇔ √⊣}⌉∫ △∞△∘△∞⇔ N≀⊑⌉⇕⌊⌉∇ ∞∃∃′↙ ∪∈⊎̸ R↙ L⟩∫⊣\‖⌉↙ L≀}⟩⌋ ∫†\⊔⟨⌉∫⟩∫ ⌊⌉\⌋⟨⇕⊣∇‖ ⌋⟩∇⌋⊓⟩⊔∫ {≀∇ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ W≀∇‖∫⟨≀√ ≀\ L≀}⟩⌋ S†\⊔⟨⌉∫⟩∫⇔ M⊣†⇔ ∞∃∀∃↙

∋′

∪∈⊎ A↙ M⊣↕⟩‖⇔ R↙K↙ B∇⊣†⊔≀\⇔ ⊣\⌈ A↙L↙ S⊣\}⟩≀⊑⊣\\⟩↖V⟩\⌋⌉\⊔⌉↕↕⟩↙ A M≀⌈⟩⊘⌉⌈ A√√∇≀⊣⌋⟨ ⊔≀ T⊒≀↖↕⌉⊑⌉↕ L≀}⟩⌋ M⟩\⟩⇕⟩‡⊣↖ ⊔⟩≀\↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇↖A⟩⌈⌉⌈ D⌉∫⟩}\⇔ √⊣}⌉∫ ∞′∘̸∞′∃⇔ N≀⊑⌉⇕⌊⌉∇ ∞∃∀∀↙ ∪∈∀⊎ S↙ M⊣↕⟩‖⇔ E↙M↙ S⌉\⊔≀⊑⟩⌋⟨⇔ R↙K↙ B∇⊣†⊔≀\⇔ ⊣\⌈ A↙ S⊣\}⟩≀⊑⊣\\⟩↖V⟩\⌋⌉\⊔⌉↕↕⟩↙ R⌉⊔⟩⇕⟩\} ⊣\⌈ ∇⌉∫†\⊔⟨⌉∫⟩∫¬ O√⊔⟩⇕⟩‡⊣⊔⟩≀\ ≀{ ∫⌉∐⊓⌉\⊔⟩⊣↕ \⌉⊔⊒≀∇‖∫ ⊒⟩⊔⟨ ⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ⊔⌉⌋⟨\⟩∐⊓⌉∫↙ IEEE T∇⊣\∫⊣⌋⊔⟩≀\∫ ≀\ C≀⇕√⊓⊔⌉∇↖A⟩⌈⌉⌈ D⌉∫⟩}\⇔ ∞′⇐∞⇒¬△∘ ∀△⇔ J⊣\⊓⊣∇† ∞∃∃∞↙ ∪∈∃⊎ S↙ M⊣↕⟩‖⇔ K↙J↙ S⟩\}⟨⇔ R↙K↙ B∇⊣†⊔≀\⇔ ⊣\⌈ A↙ S⊣\}⟩≀⊑⊣\\⟩↖V⟩\⌋⌉\⊔⌉↕↕⟩↙ P⌉∇{≀∇⇕⊣\⌋⌉ O√⊔⟩⇕⟩‡⊣⊔⟩≀\ ≀{ P⟩√⌉↕⟩\⌉⌈ C⟩∇⌋⊓⟩⊔∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇↖A⟩⌈⌉⌈ D⌉∫⟩}\⇔ √⊣}⌉∫ △∞′∘△∞∋⇔ N≀⊑⌉⇕⌊⌉∇ ∞∃∃′↙ ∪∋′⊎ H↙↖J↙ M⊣⊔⟨≀\†↙ U\⟩⊑⌉∇∫⊣↕ L≀}⟩⌋ D⌉∫⟩}\ A↕}≀∇⟩⊔⟨⇕ ⊣\⌈ ⟩⊔∫ A√√↕⟩⌋⊣⊔⟩≀\ ⊔≀ ⊔⟨⌉ S†\⊔⟨⌉∫⟩∫ ≀{ T⊒≀↖↕⌉⊑⌉↕ S⊒⟩⊔⌋⟨⟩\} C⟩∇⌋⊓⟩⊔∫↙ IEE P∇≀⌋⌉⌉⌈⟩\}∫⇔ ∞∋ ̸P⊔↙ E⇐∋⇒⇔ M⊣† ∞∃∀∃↙ ∪∋∞⊎ M↙C↙ P⊣⊓↕↕ ⊣\⌈ S↙H↙ U\}⌉∇↙ M⟩\⟩⇕⟩‡⟩\} ⊔⟨⌉ N⊓⇕⌊⌉∇ ≀{ S⊔⊣⊔⌉∫ ⟩\ I\⌋≀⇕√↕⌉⊔⌉↕† S√⌉⌋⟩⊘⌉⌈ S⌉∐⊓⌉\⊔⟩⊣↕ S⊒⟩⊔⌋⟨⟩\} F⊓\⌋⊔⟩≀\∫↙ IRE T∇⊣\∫⊣⌋⊔⟩≀\∫ ≀\ E↕⌉⌋⊔∇≀\⟩⌋ C≀⇕√⊓⊔⌉∇∫⇔ EC↖∀¬∋▽∘̸∋⇎ S⌉√⊔⌉⇕⌊⌉∇ ∞∃▽∃↙ ∪∋∈⊎ C↙ W↙ M≀≀\⇔ P↙ R↙ S⊔⌉√⟨⊣\⇔ ⊣\⌈ R↙ K↙ B∇⊣†⊔≀\↙ S†\⊔⟨⌉∫⟩∫ ≀{ H⊣‡⊣∇⌈↖{∇⌉⌉ A∫†\⌋⟨∇≀\≀⊓∫ C⟩∇⌋⊓⟩⊔∫ {∇≀⇕ G∇⊣√⟨⟩⌋⊣↕ S√⌉⌋⟩⊘⌋⊣⊔⟩≀\∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇↖A⟩⌈⌉⌈ D⌉∫⟩}\⇔ √⊣}⌉∫ ∋∈∈∘∋∈▽⇔ N≀⊑⌉⇕⌊⌉∇ ∞∃∃∞↙ ∪∋∋⊎ C↙W↙ M≀≀\⇔ B↙ L⟩\⇔ H↙ S⊣⊑≀|⇔ ⊣\⌈ R↙K↙ B∇⊣†⊔≀\↙ T⌉⌋⟨\≀↕≀}† M⊣√√⟩\} {≀∇ S⌉∐⊓⌉\⊔⟩⊣↕ L≀}⟩⌋ S†\⊔⟨⌉∫⟩∫↙ I\ P∇≀⌋↙ I\⊔≃↕↙ W≀∇‖∫⟨≀√ ≀\ L≀}⟩⌋ S†\⊔⟨⌉∫⟩∫⇔ N≀∇⊔⟨ C⊣∇≀↕⟩\⊣⇔ M⊣† ∞∃∀∃↙ ∪∋△⊎ R↙ M⊓∇}⊣⟩⇔ Y↙ N⟩∫⟨⟩‡⊣‖⟩⇔ N↙ S⟨⌉\≀†⇔ R↙ K↙ B∇⊣†⊔≀\⇔ ⊣\⌈ A↙ S⊣\}⟩≀⊑⊣\\⟩ V⟩\⌋⌉\⊔⌉↕↕⟩↙ L≀}⟩⌋ S†\⊔⟨⌉∫⟩∫ {≀∇ P∇≀}∇⊣⇕⇕⊣⌊↕⌉ G⊣⊔⌉ A∇∇⊣†∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ D⌉∫⟩}\ A⊓⊔≀⇕⊣⊔⟩≀\ C≀\{⌉∇⌉\⌋⌉⇔ √⊣}⌉∫ ∉′∘∉▽⇔ J⊓\⌉ ∞∃∃′↙ ∪∋▽⊎ R↙ M⊓∇}⊣⟩⇔ N↙ S⟨⌉\≀†⇔ R↙ K↙ B∇⊣†⊔≀\⇔ ⊣\⌈ A↙ S⊣\}⟩≀⊑⊣\\⟩ V⟩\⌋⌉\⊔⌉↕↕⟩↙ I⇕√∇≀⊑⌉⌈ L≀}⟩⌋ S†\⊔⟨⌉∫⟩∫ A↕}≀∇⟩⊔⟨⇕∫ {≀∇ T⊣⌊↕⌉ L≀≀‖ U√ A∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇↖A⟩⌈⌉⌈ D⌉∫⟩}\⇔ √⊣}⌉∫ ▽△̸∘▽⇎ N≀⊑⌉⇕⌊⌉∇ ∞∃∃∞↙ ∪∋⊎̸ R↙ M⊓∇}⊣⟩⇔ N↙ S⟨⌉\≀†⇔ R↙ K↙ B∇⊣†⊔≀\⇔ ⊣\⌈ A↙ S⊣\}⟩≀⊑⊣\\⟩ V⟩\⌋⌉\⊔⌉↕↕⟩↙ P⌉∇{≀∇⇕⊣\⌋⌉ D⟩∇⌉⌋⊔⌉⌈ S†\⊔⟨⌉∫⟩∫ {≀∇ T⊣⌊↕⌉ L≀≀‖ U√ P∇≀}∇⊣⇕⇕⊣⌊↕⌉ G⊣⊔⌉ A∇∇⊣†∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇↖A⟩⌈⌉⌈ D⌉∫⟩}\⇔ √⊣}⌉∫ ▽∈∘▽▽⇔ N≀⊑⌉⇕⌊⌉∇ ∞∃∃∞↙ ∪∋⊎ C↙ P⟩§↕⌉† ⊣\⌈ G↙ B⌉⟩⟨↕↙ C⊣↕⌋⊓↕⊣⊔⟩\} R⌉∫⌉⊔⊣⌊⟩↕⟩⊔† ⊣\⌈ R⌉∫⌉⊔ S⌉∐⊓⌉\⌋⌉∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇↖A⟩⌈⌉⌈ D⌉∫⟩}\⇔ N≀⊑⌉⇕⌊⌉∇ ∞∃∃∞↙ ∪∋∀⊎ J↙P↙ R≀⊔⟨ ⊣\⌈ R↙M↙ K⊣∇√↙ M⟩\⟩⇕⟩‡⊣⊔⟩≀\ ≀⊑⌉∇ B≀≀↕⌉⊣\ G∇⊣√⟨∫↙ I\ IBM J≀⊓∇\⊣↕ ≀{ R⌉∫⌉⊣∇⌋⟨ ⊣\⌈ D⌉⊑⌉↕≀√⇕⌉\⊔⇔ A√∇⟩↕ ∞∃∀∈↙ ∪∋∃⊎ R↙ R⊓⌈⌉↕↕↙ L≀}⟩⌋ S†\⊔⟨⌉∫⟩∫ {≀∇ VLSI D⌉∫⟩}\↙ M⌉⇕≀∇⊣\⌈⊓⇕ N≀↙ UCB∝ERL M∀∃∝△∃⇔ E↕⌉⌋⊔∇≀\⟩⌋∫ R⌉∫⌉⊣∇⌋⟨ L⊣⌊≀∇⊣⊔≀∇†⇔ C≀↕↕⌉}⌉ ≀{ E\}⟩\⌉⌉∇⟩\}⇔ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣⇔ B⌉∇‖⌉↕⌉†⇔ CA ∃△∈′⇔ A√∇⟩↕ ∞∃∀∃↙ ∪△′⊎ A↕⌉§⊣\⌈⌉∇ S⊣↕⌈⊣\⟨⊣⇔ A↕⌊⌉∇⊔ W⊣\}⇔ R≀⌊⌉∇⊔ K↙ B∇⊣†⊔≀\⇔ ⊣\⌈ A↕⌊⌉∇⊔≀ L↙ S⊣\}⟩≀⊑⊣\\⟩↖V⟩\⌋⌉\⊔⌉↕↕⟩↙ M⊓↕⊔⟩↖L⌉⊑⌉↕ L≀}⟩⌋ S⟩⇕√↕⟩⊘⌋⊣⊔⟩≀\ ⊓∫⟩\} D≀\≃⊔ C⊣∇⌉∫ ⊣\⌈ F⟩↕⊔⌉∇∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ D⌉∫⟩}\ A⊓⊔≀⇕⊣⊔⟩≀\ C≀\{⌉∇⌉\⌋⌉⇔ √⊣}⌉∫ ∈∘∈∀∈⇔ ∞∃∀∃↙ ∪△∞⊎ H↙ S⊣⊑≀| ⊣\⌈ R↙K↙ B∇⊣†⊔≀\↙ T⟨⌉ U∫⌉ ≀{ O⌊∫⌉∇⊑⊣⌊⟩↕⟩⊔† ⊣\⌈ E§⊔⌉∇\⊣↕ D≀\≃⊔ C⊣∇⌉∫ {≀∇ ⊔⟨⌉ S⟩⇕√↕⟩⊘⌋⊣⊔⟩≀\ ≀{ M⊓↕⊔⟩↖L⌉⊑⌉↕ N⌉⊔⊒≀∇‖∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ D⌉∫⟩}\ A⊓⊔≀⇕⊣⊔⟩≀\ C≀\{⌉∇⌉\⌋⌉⇔ √⊣}⌉∫ ∈∃∘∋′∞⇔ J⊓\⌉ ∞∃∃′↙ ∪△∈⊎ H↙ S⊣⊑≀|⇔ R↙K↙ B∇⊣†⊔≀\⇔ ⊣\⌈ H↙ T≀⊓⊣⊔⟩↙ E§⊔∇⊣⌋⊔⟩\} L≀⌋⊣↕ D≀\≃⊔ C⊣∇⌉∫ {≀∇ N⌉⊔⊒≀∇‖ O√⊔⟩⇕⟩‡⊣⊔⟩≀\↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇↖A⟩⌈⌉⌈ D⌉∫⟩}\⇔ N≀⊑⌉⇕⌊⌉∇ ∞∃∃∞↙ ∪△∋⊎ H↙ S⊣⊑≀|⇔ H↙↖Y↙ W⊣\}⇔ ⊣\⌈ R↙K↙ B∇⊣†⊔≀\↙ I⇕√∇≀⊑⌉⌈ S⌋∇⟩√⊔∫ ⟩\ MIS↖II {≀∇ L≀}⟩⌋ M⟩\⟩⇕⟩‡⊣⊔≀\ ≀{ C≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ C⟩∇⌋⊓⟩⊔∫↙ I\ T⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ W≀∇‖∫⟨≀√ ≀\ L≀}⟩⌋ S†\⊔⟨⌉∫⟩∫⇔ M⊣† ∞∃∃∞↙ ∋∞

∪△△⊎ J⊣⇕⌉∫ B↙ S⊣§⌉↙ D⌉⌋≀⇕√≀∫⊣⌊↕⌉ S⌉⊣∇⌋⟨⟩\} P∇≀⌊↕⌉⇕∫ ⊣\⌈ C⟩∇⌋⊓⟩⊔ O√⊔⟩⇕⟩‡⊣⊔⟩≀\ ⌊† R⌉⊔⟩⇕⟩\}¬ T⊒≀ S⊔⊓⌈⟩⌉∫ ⟩\ G⌉\⌉∇⊣↕ T∇⊣\∫{≀∇⇕⊣⊔⟩≀\∫ ≀{ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ S⊔∇⊓⌋⊔⊓∇⌉∫↙ CMU↖CS↖∀▽↖∞∉⇔ C⊣∇\⌉}⟩⌉↖M⌉↕↕≀\ U\⟩⊑⌉∇∫⟩⊔†⇔ D⌉√⊣∇⊔⇕⌉\⊔ ≀{ C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉⇔ A⊓}⊓∫⊔ ∞∃∀▽↙ ∪△▽⊎ R↙ S⌉}⊣↕↙ BDSYN¬ L≀}⟩⌋ D⌉∫⌋∇⟩√⊔⟩≀\ T∇⊣\∫↕⊣⊔≀∇∅ BDSIM¬ S⊒⟩⊔⌋⟨↖L⌉⊑⌉↕ S⟩⇕⊓↕⊣⊔≀∇↙ M⊣∫⊔⌉∇≃∫ T⟨⌉∫⟩∫⇔ M⌉⇕≀∇⊣\↖ ⌈⊓⇕ N≀↙ UCB∝ERL M∀∝∋∋⇔ E↕⌉⌋⊔∇≀\⟩⌋∫ R⌉∫⌉⊣∇⌋⟨ L⊣⌊≀∇⊣⊔≀∇†⇔ C≀↕↕⌉}⌉ ≀{ E\}⟩\⌉⌉∇⟩\}⇔ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣⇔ B⌉∇‖⌉↕⌉†⇔ CA ∃△∈′⇔ M⊣† ∞∃∀↙ ∪△⊎̸ E↙M↙ S⌉\⊔≀⊑⟩⌋⟨ ⊣\⌈ R↙K↙ B∇⊣†⊔≀\↙ P∇⌉∫⌉∇⊑⟩\} D≀\≃⊔ C⊣∇⌉ C≀\⌈⟩⊔⟩≀\∫ D⊓∇⟩\} R⌉⊔⟩⇕⟩\}↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ VLSI⇔ √⊣}⌉∫ △∞̸∘△′⇔ A⊓}⊓∫⊔ ∞∃∃∞↙ ∪△⊎ K↙J↙ S⟩\}⟨ ⊣\⌈ A↙ S⊣\}⟩≀⊑⊣\\⟩↖V⟩\⌋⌉\⊔⌉↕↕⟩↙ A H⌉⊓∇⟩∫⊔⟩⌋ A↕}≀∇⟩⊔⟨⇕ {≀∇ ⊔⟨⌉ F⊣\≀⊓⊔ P∇≀⌊↕⌉⇕↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ D⌉∫⟩}\ A⊓⊔≀⇕⊣⊔⟩≀\ C≀\{⌉∇⌉\⌋⌉⇔ √⊣}⌉∫ ∋▽∘∋′̸⇔ J⊓\⌉ ∞∃∃′↙ ∪△∀⊎ K↙J↙ S⟩\}⟨⇔ A↙R↙ W⊣\}⇔ R↙K↙ B∇⊣†⊔≀\⇔ ⊣\⌈ A↙ S⊣\}⟩≀⊑⊣\\⟩↖V⟩\⌋⌉\⊔⌉↕↕⟩↙ T⟩⇕⟩\} O√⊔⟩⇕⟩‡⊣⊔⟩≀\ ≀{ C≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ L≀}⟩⌋↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇↖A⟩⌈⌉⌈ D⌉∫⟩}\⇔ √⊣}⌉∫ ∈∀∈∘∈∀▽⇔ N≀⊑⌉⇕⌊⌉∇ ∞∃∀∀↙ ∪△∃⊎ A↙ S∇⟩\⟩⊑⊣∫⊣\⇔ T↙ K⊣⇕⇔ S↙ M⊣↕⟩‖⇔ ⊣\⌈ R↙K↙ B∇⊣†⊔≀\↙ A↕}≀∇⟩⊔⟨⇕∫ {≀∇ D⟩∫⌋∇⌉⊔⌉ F⊓\⌋⊔⟩≀\ M⊣\⟩√⊓↕⊣⊔⟩≀\↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇↖A⟩⌈⌉⌈ D⌉∫⟩}\⇔ √⊣}⌉∫ ∃∈∘∃▽⇔ N≀⊑⌉⇕⌊⌉∇ ∞∃∃′↙ ∪▽′⊎ H↙ T≀⊓⊣⊔⟩ ⊣\⌈ R↙K↙ B∇⊣†⊔≀\↙ C≀⇕√⊓⊔⟩\} ⊔⟨⌉ I\⟩⊔⟩⊣↕ S⊔⊣⊔⌉∫ ≀{ R⌉⊔⟩⇕⌉⌈ C⟩∇⌋⊓⟩⊔∫↙ IEEE T∇⊣\∫⊣⌋⊔⟩≀\∫ ≀\ C≀⇕√⊓⊔⌉∇↖ A⟩⌈⌉⌈ D⌉∫⟩}\⇔ J⊓↕† ∞∃∃∈↙ T≀ ⊣√√⌉⊣∇↙ ∪▽∞⊎ H↙ T≀⊓⊣⊔⟩⇔ C↙ M≀≀\⇔ R↙K↙ B∇⊣†⊔≀\⇔ ⊣\⌈ A↙W⊣\}↙ P⌉∇{≀∇⇕⊣\⌋⌉↖O∇⟩⌉\⊔⌉⌈ T⌉⌋⟨\≀↕≀}† M⊣√√⟩\}↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∫⟩§⊔⟨ MIT VLSI C≀\{⌉∇⌉\⌋⌉⇔ √⊣}⌉∫ ∃∘∃⇔ A√∇⟩↕ ∞∃∃′↙ ∪▽∈⊎ H↙ T≀⊓⊣⊔⟩⇔ H↙ S⊣⊑≀|⇔ ⊣\⌈ R↙K↙ B∇⊣†⊔≀\↙ D⌉↕⊣† O√⊔⟩⇕⟩‡⊣⊔⟩≀\ ≀{ C≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ L≀}⟩⌋ C⟩∇⌋⊓⟩⊔∫ ⌊† C↕⊓∫⊔⌉∇⟩\} ⊣\⌈ P⊣∇⊔⟩⊣↕ C≀↕↕⊣√∫⟩\}↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇↖A⟩⌈⌉⌈ D⌉∫⟩}\⇔ N≀⊑⌉⇕⌊⌉∇ ∞∃∃∞↙ ∪▽∋⊎ H↙ T≀⊓⊣⊔⟩⇔ H↙ S⊣⊑≀|⇔ B↙ L⟩\⇔ R↙K↙ B∇⊣†⊔≀\⇔ ⊣\⌈ A↙L↙ S⊣\}⟩≀⊑⊣\\⟩↖V⟩\⌋⌉\⊔⌉↕↕⟩↙ I⇕√↕⟩⌋⟩⊔ S⊔⊣⊔⌉ E\⊓⇕⌉∇⊣⊔⟩≀\ ≀{ F⟩\⟩⊔⌉ S⊔⊣⊔⌉ M⊣⌋⟨⟩\⌉∫ ⊓∫⟩\} BDD≃∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇↖A⟩⌈⌉⌈ D⌉∫⟩}\⇔ √⊣}⌉∫ ∞∋′∘∞∋∋⇔ N≀⊑⌉⇕⌊⌉∇ ∞∃∃′↙ ∪▽△⊎ H⌉∇⊑≻⌉ J↙ T≀⊓⊣⊔⟩↙ P⌉∇{≀∇⇕⊣\⌋⌉↖O∇⟩⌉\⊔⌉⌈ T⌉⌋⟨\≀↕≀}† M⊣√√⟩\}↙ M⌉⇕≀∇⊣\⌈⊓⇕ N≀↙ UCB∝ERL M∃′∝∞′∃⇔ E↕⌉⌋⊔∇≀\⟩⌋∫ R⌉∫⌉⊣∇⌋⟨ L⊣⌊≀∇⊣⊔≀∇†⇔ C≀↕↕⌉}⌉ ≀{ E\}⟩\⌉⌉∇⟩\}⇔ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣⇔ B⌉∇‖⌉↕⌉†⇔ CA ∃△∈′⇔ N≀⊑⌉⇕⌊⌉∇ ∞∃∃′↙ ∪▽▽⊎ S↙ H↙ U\}⌉∇↙ A∫†\⌋⟨∇≀\≀⊓∫ S⌉∐⊓⌉\⊔⟩⊣↕ S⊒⟩⊔⌋⟨⟩\} C⟩∇⌋⊓⟩⊔∫↙ W⟩↕⌉† I\⊔⌉∇∫⌋⟩⌉\⌋⌉⇔ ∞∃∄↙ ∪▽⊎̸ P↙ V⊣\⌊⌉‖⌊⌉∇}⌉\⇔ G↙ G≀≀∫∫⌉\∫⇔ ⊣\⌈ H↙ D⌉ M⊣\↙ A L≀⌋⊣↕ O√⊔⟩⇕⟩‡⊣⊔⟩≀\ T⌉⌋⟨\⟩∐⊓⌉ {≀∇ A∫†\⌋⟨∇≀\≀⊓∫ C≀\⊔∇≀↕ C⟩∇⌋⊓⟩⊔∫↙ I\ P∇≀⌋↙ I\⊔≃↕↙ W≀∇‖∫⟨≀√ ≀\ L≀}⟩⌋ S†\⊔⟨⌉∫⟩∫⇔ N≀∇⊔⟨ C⊣∇≀↕⟩\⊣⇔ M⊣† ∞∃∃∞↙ ∪▽⊎ J↙ V⊣∫⊓⌈⌉⊑⊣⇕⊓∇⊔⟨† ⊣\⌈ J↙ R⊣|∫‖⟩↙ A M⌉⊔⟨≀⌈ {≀∇ C≀\⌋⊓∇∇⌉\⊔ D⌉⌋≀⇕√≀∫⟩⊔⟩≀\ ⊣\⌈ F⊣⌋⊔≀∇⟩‡⊣⊔⟩≀\ ≀{ B≀≀↕⌉⊣\ E§√∇⌉∫∫⟩≀\∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⌉∇↖A⟩⌈⌉⌈ D⌉∫⟩}\⇔ √⊣}⌉∫ ▽∞′∘▽∞∋⇔ N≀⊑⌉⇕⌊⌉∇ ∞∃∃′↙ ∪▽∀⊎ T↙ V⟩↕↕⊣ ⊣\⌈ A↙ S⊣\}⟩≀⊑⊣\\⟩↖V⟩\⌋⌉\⊔⌉↕↕⟩↙ NOVA¬ S⊔⊣⊔⌉ A∫∫⟩}\⇕⌉\⊔ ≀{ F⟩\⟩⊔⌉ S⊔⊣⊔⌉ M⊣⌋⟨⟩\⌉∫ {≀∇ O√⊔⟩⇕⊣↕ T⊒≀↖ L⌉⊑⌉↕ L≀}⟩⌋ I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\∫↙ IEEE T∇⊣\∫⊣⌋⊔⟩≀\∫ ≀\ C≀⇕√⊓⊔⌉∇↖A⟩⌈⌉⌈ D⌉∫⟩}\⇔ ∃⇐∃⇒¬∃′▽∘∃∈△⇔ S⌉√⊔⌉⇕⌊⌉∇ ∞∃∃′↙

∋∈

A√√⌉\⌈⟩§ A ¬ B⌉∇‖⌉↕⌉† L≀}⟩⌋ I\⊔⌉∇⌋⟨⊣\}⌉ F≀∇⇕⊣⊔ ⇐BLIF⇒ T⟨⌉ }≀⊣↕ ≀{ BLIF ⟩∫ ⊔≀ ⌈⌉∫⌋∇⟩⌊⌉ ⊣ ↕≀}⟩⌋↖↕⌉⊑⌉↕ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ⌋⟩∇⌋⊓⟩⊔ ⟩\ ⊔⌉§⊔⊓⊣↕ {≀∇⇕↙ A ⌋⟩∇⌋⊓⟩⊔ ⟩∫ ⊣\ ⊣∇⌊⟩⊔∇⊣∇† ⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ≀∇ ∫⌉∐⊓⌉\⊔⟩⊣↕ \⌉⊔⊒≀∇‖ ≀{ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\∫↙ A ⌋⟩∇⌋⊓⟩⊔ ⌋⊣\ ⌊⌉ ⊑⟩⌉⊒⌉⌈ ⊣∫ ⊣ ⌈⟩∇⌉⌋⊔⌉⌈ }∇⊣√⟨ ≀{ ⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ↕≀}⟩⌋ \≀⌈⌉∫ ⊣\⌈ ∫⌉∐⊓⌉\⊔⟩⊣↕ ↕≀}⟩⌋ ⌉↕⌉⇕⌉\⊔∫↙ E⊣⌋⟨ \≀⌈⌉ ⟨⊣∫ ⊣ ⊔⊒≀↖↕⌉⊑⌉↕⇔ ∫⟩\}↕⌉↖≀⊓⊔√⊓⊔ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ⟩⊔↙ E⊣⌋⟨ {⌉⌉⌈⌊⊣⌋‖ ↕≀≀√ ⇕⊓∫⊔ ⌋≀\⊔⊣⟩\ ⊣⊔ ↕⌉⊣∫⊔ ≀\⌉ ↕⊣⊔⌋⟨↙ E⊣⌋⟨ \⌉⊔ ⇐≀∇ ∫⟩}\⊣↕⇒ ⟨⊣∫ ≀\↕† ⊣ ∫⟩\}↕⌉ ⌈∇⟩⊑⌉∇⇔ ⊣\⌈ ⌉⟩⊔⟨⌉∇ ⊔⟨⌉ ∫⟩}\⊣↕ ≀∇ ⊔⟨⌉ }⊣⊔⌉ ⊒⟨⟩⌋⟨ ⌈∇⟩⊑⌉∫ ⊔⟨⌉ ∫⟩}\⊣↕ ⌋⊣\ ⌊⌉ \⊣⇕⌉⌈ ⊒⟩⊔⟨≀⊓⊔ ⊣⇕⌊⟩}⊓⟩⊔†↙ I\ ⊔⟨⌉ {≀↕↕≀⊒⟩\}⇔ ⊣\}↕⌉↖⌊∇⊣⌋‖⌉⊔∫ ∫⊓∇∇≀⊓\⌈ \≀\⊔⌉∇⇕⟩\⊣↕∫⇔ ⊣\⌈ ∫∐⊓⊣∇⌉↖⌊∇⊣⌋‖⌉⊔∫ ∫⊓∇∇≀⊓\⌈ ≀√⊔⟩≀\⊣↕ ⌋≀\∫⊔∇⊓⌋⊔∫↙

∞ M≀⌈⌉↕∫ A ⇕≀⌈⌉↕ ⟩∫ ⊣ ⊙⊣⊔⊔⌉\⌉⌈ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ⌋⟩∇⌋⊓⟩⊔↙ A BLIF ⊘↕⌉ ⌋⊣\ ⌋≀\⊔⊣⟩\ ⇕⊣\† ⇕≀⌈⌉↕∫ ⊣\⌈ ∇⌉{⌉∇⌉\⌋⌉∫ ⊔≀ ⇕≀⌈⌉↕∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ ≀⊔⟨⌉∇ BLIF ⊘↕⌉∫↙ A ⇕≀⌈⌉↕ ⟩∫ ⌈⌉⌋↕⊣∇⌉⌈ ⊣∫ {≀↕↕≀⊒∫¬ ↙⇕≀⌈⌉↕ ℜ⌈⌉⌋↕↖⇕≀⌈⌉↕↖\⊣⇕⌉⊤ ↙⟩\√⊓⊔∫ ℜ⌈⌉⌋↕↖⟩\√⊓⊔↖↕⟩∫⊔⊤ ↙≀⊓⊔√⊓⊔∫ ℜ⌈⌉⌋↕↖≀⊓⊔√⊓⊔↖↕⟩∫⊔⊤ ↙⌋↕≀⌋‖ ℜ⌈⌉⌋↕↖⌋↕≀⌋‖↖↕⟩∫⊔⊤ ℜ⌋≀⇕⇕⊣\⌈⊤ ↙ ↙ ↙ ℜ⌋≀⇕⇕⊣\⌈⊤ ↙⌉\⌈ ⌈⌉⌋↕↖⇕≀⌈⌉↕↖\⊣⇕⌉ ⟩∫ ⊣ ∫⊔∇⟩\} }⟩⊑⟩\} ⊔⟨⌉ \⊣⇕⌉ ≀{ ⊔⟨⌉ ⇕≀⌈⌉↕↙ ⌈⌉⌋↕↖⟩\√⊓⊔↖↕⟩∫⊔ ⟩∫ ⊣ ⊒⟨⟩⊔⌉↖∫√⊣⌋⌉↖∫⌉√⊣∇⊣⊔⌉⌈ ↕⟩∫⊔ ≀{ ∫⊔∇⟩\}∫ ⇐⊔⌉∇⇕⟩\⊣⊔⌉⌈ ⌊† ⊔⟨⌉ ⌉\⌈ ≀{ ⊔⟨⌉ ↕⟩\⌉⇒ }⟩⊑⟩\} ⊔⟨⌉ {≀∇⇕⊣↕ ⟩\√⊓⊔ ⊔⌉∇⇕⟩\⊣↕∫ {≀∇ ⊔⟨⌉ ⇕≀⌈⌉↕ ⌊⌉⟩\} ⌈⌉⌋↕⊣∇⌉⌈↙ I{ ⊔⟨⟩∫ ⟩∫ ⊔⟨⌉ ⊘∇∫⊔ ≀∇ ≀\↕† ⇕≀⌈⌉↕⇔ ⊔⟨⌉\ ⊔⟨⌉∫⌉ ∫⟩}\⊣↕∫ ⌋⊣\ ⌊⌉ ⟩⌈⌉\⊔⟩⊘⌉⌈ ⊣∫ ⊔⟨⌉ √∇⟩⇕⊣∇† ⟩\√⊓⊔∫ ≀{ ⊔⟨⌉ ⌋⟩∇⌋⊓⟩⊔↙ M⊓↕⊔⟩√↕⌉ ↙⟩\√⊓⊔∫ ↕⟩\⌉∫ ⊣∇⌉ ⊣↕↕≀⊒⌉⌈⇔ ⊣\⌈ ⊔⟨⌉ ↕⟩∫⊔∫ ≀{ ⟩\√⊓⊔∫ ⊣∇⌉ ⌋≀\⌋⊣⊔⌉\⊣⊔⌉⌈↙ ⌈⌉⌋↕↖≀⊓⊔√⊓⊔↖↕⟩∫⊔ ⟩∫ ⊣ ⊒⟨⟩⊔⌉↖∫√⊣⌋⌉↖∫⌉√⊣∇⊣⊔⌉⌈ ↕⟩∫⊔ ≀{ ∫⊔∇⟩\}∫ ⇐⊔⌉∇⇕⟩\⊣⊔⌉⌈ ⌊† ⊔⟨⌉ ⌉\⌈ ≀{ ⊔⟨⌉ ↕⟩\⌉⇒ }⟩⊑⟩\} ⊔⟨⌉ {≀∇⇕⊣↕ ≀⊓⊔√⊓⊔ ⊔⌉∇⇕⟩\⊣↕∫ {≀∇ ⊔⟨⌉ ⇕≀⌈⌉↕ ⌊⌉⟩\} ⌈⌉⌋↕⊣∇⌉⌈↙ I{ ⊔⟨⟩∫ ⟩∫ ⊔⟨⌉ ⊘∇∫⊔ ≀∇ ≀\↕† ⇕≀⌈⌉↕⇔ ⊔⟨⌉\ ⊔⟨⌉∫⌉ ∫⟩}\⊣↕∫ ⌋⊣\ ⌊⌉ ⟩⌈⌉\⊔⟩⊘⌉⌈ ⊣∫ ⊔⟨⌉ √∇⟩⇕⊣∇† ≀⊓⊔√⊓⊔∫ ≀{ ⊔⟨⌉ ⌋⟩∇⌋⊓⟩⊔↙ M⊓↕⊔⟩√↕⌉ ↙≀⊓⊔√⊓⊔∫ ↕⟩\⌉∫ ⊣∇⌉ ⊣↕↕≀⊒⌉⌈⇔ ⊣\⌈ ⊔⟨⌉ ↕⟩∫⊔∫ ≀{ ≀⊓⊔√⊓⊔∫ ⊣∇⌉ ⌋≀\⌋⊣⊔⌉\⊣⊔⌉⌈↙ ⌈⌉⌋↕↖⌋↕≀⌋‖↖↕⟩∫⊔ ⟩∫ ⊣ ⊒⟨⟩⊔⌉↖∫√⊣⌋⌉↖∫⌉√⊣∇⊣⊔⌉⌈ ↕⟩∫⊔ ≀{ ∫⊔∇⟩\}∫ ⇐⊔⌉∇⇕⟩\⊣⊔⌉⌈ ⌊† ⊔⟨⌉ ⌉\⌈ ≀{ ⊔⟨⌉ ↕⟩\⌉⇒ }⟩⊑⟩\} ⊔⟨⌉ ⌋↕≀⌋‖∫ {≀∇ ⊔⟨⌉ ⇕≀⌈⌉↕ ⌊⌉⟩\} ⌈⌉⌋↕⊣∇⌉⌈↙ M⊓↕⊔⟩√↕⌉ ↙⌋↕≀⌋‖ ↕⟩\⌉∫ ⊣∇⌉ ⊣↕↕≀⊒⌉⌈⇔ ⊣\⌈ ⊔⟨⌉ ↕⟩∫⊔∫ ≀{ ⌋↕≀⌋‖∫ ⊣∇⌉ ⌋≀\⌋⊣⊔⌉\⊣⊔⌉⌈↙ ⌋≀⇕⇕⊣\⌈ ⟩∫ ≀\⌉ ≀{¬ ℜ↕≀}⟩⌋↖}⊣⊔⌉⊤ ℜ}⌉\⌉∇⟩⌋↖↕⊣⊔⌋⟨⊤ ℜ↕⟩⌊∇⊣∇†↖}⊣⊔⌉⊤ ℜ⇕≀⌈⌉↕↖∇⌉{⌉∇⌉\⌋⌉⊤ ℜ∫⊓⌊{⟩↕⌉↖∇⌉{⌉∇⌉\⌋⌉⊤ ℜ{∫⇕↖⌈⌉∫⌋∇⟩√⊔⟩≀\⊤ ℜ⌋↕≀⌋‖↖⌋≀\∫⊔∇⊣⟩\⊔⊤ ℜ⌈⌉↕⊣†↖⌋≀\∫⊔∇⊣⟩\⊔⊤ E⊣⌋⟨ ⌋≀⇕⇕⊣\⌈ ⟩∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ∫⌉⌋⊔⟩≀\∫↙ T⟨⌉ BLIF √⊣∇∫⌉∇ ⊣↕↕≀⊒∫ ⊔⟨⌉ ↙⇕≀⌈⌉↕⇔ ↙⟩\√⊓⊔∫⇔ ↙≀⊓⊔√⊓⊔∫⇔ ↙⌋↕≀⌋‖ ⊣\⌈ ↙⌉\⌈ ∫⊔⊣⊔⌉⇕⌉\⊔∫ ⊔≀ ⌊⌉ ≀√⊔⟩≀\⊣↕↙ I{ ↙⇕≀⌈⌉↕ ⟩∫ \≀⊔ ∫√⌉⌋⟩⊘⌉⌈⇔ ⊔⟨⌉ ⌈⌉⌋↕↖⇕≀⌈⌉↕↖\⊣⇕⌉ ⟩∫ ⊣∫∫⟩}\⌉⌈ ⊔⟨⌉ \⊣⇕⌉ ≀{ ⊔⟨⌉ BLIF ⊘↕⌉ ⌊⌉⟩\} ∇⌉⊣⌈↙ I⊔ ⟩∫ ⊣\ ⌉∇∇≀∇ ⊔≀ ⊓∫⌉ ⊔⟨⌉ ∫⊣⇕⌉ ∫⊔∇⟩\} {≀∇ ⌈⌉⌋↕↖⇕≀⌈⌉↕↖\⊣⇕⌉ ⟩\ ⇕≀∇⌉ ⊔⟨⊣\ ≀\⌉ ⇕≀⌈⌉↕↙ I{ ↙⟩\√⊓⊔∫ ⟩∫ \≀⊔ ∫√⌉⌋⟩⊘⌉⌈⇔ ⟩⊔ ⌋⊣\ ⌊⌉ ⟩\{⌉∇∇⌉⌈ {∇≀⇕ ⊔⟨⌉ ∫⟩}\⊣↕∫ ⊒⟨⟩⌋⟨ ⊣∇⌉ \≀⊔ ⊔⟨⌉ ≀⊓⊔√⊓⊔∫ ≀{ ⊣\† ≀⊔⟨⌉∇ ↕≀}⟩⌋ ⌊↕≀⌋‖↙ S⟩⇕⟩↕⊣∇↕†⇔ ↙≀⊓⊔√⊓⊔∫ ⌋⊣\ ⌊⌉ ⟩\{⌉∇∇⌉⌈ {∇≀⇕ ⊔⟨⌉ ∫⟩}\⊣↕∫ ⊒⟨⟩⌋⟨ ⊣∇⌉ \≀⊔ ⊔⟨⌉ ⟩\√⊓⊔∫ ⊔≀ ⊣\† ≀⊔⟨⌉∇ ⌊↕≀⌋‖∫↙ I{ ⊣\† ↙⟩\√⊓⊔∫ ≀∇ ↙≀⊓⊔√⊓⊔∫ ⊣∇⌉ }⟩⊑⌉\⇔ \≀ ⟩\{⌉∇⌉\⌋⌉ ⟩∫ ⇕⊣⌈⌉∅ ⊣ \≀⌈⌉ ⊔⟨⊣⊔ ⟩∫ \≀⊔ ⊣\ ≀⊓⊔√⊓⊔ ⊣\⌈ ⌈≀⌉∫ \≀⊔ {⊣\≀⊓⊔ √∇≀⌈⊓⌋⌉∫ ⊣ ⊒⊣∇\⟩\} ⇕⌉∫∫⊣}⌉↙ I{ ↙⌋↕≀⌋‖ ⟩∫ \≀⊔ ∫√⌉⌋⟩⊘⌉⌈ ⇐⌉↙}↙⇔ {≀∇ √⊓∇⌉↕† ⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ⌋⟩∇⌋⊓⟩⊔∫⇒ ⊔⟨⌉∇⌉ ⊣∇⌉ \≀ ⌋↕≀⌋‖∫↙ ↙⌉\⌈ ⟩∫ ⟩⇕√↕⟩⌉⌈ ⊣⊔ ⌉\⌈ ≀{ ⊘↕⌉ ≀∇ ⊓√≀\ ⌉\⌋≀⊓\⊔⌉∇⟩\} ⊣\≀⊔⟨⌉∇ ↙⇕≀⌈⌉↕↙ I⇕√≀∇⊔⊣\⊔¬ ⊔⟨⌉ ⊘∇∫⊔ ⇕≀⌈⌉↕ ⌉\⌋≀⊓\⊔⌉∇⌉⌈ ⟩\ ⊔⟨⌉ ⇕⊣⟩\ BLIF ⊘↕⌉ ⟩∫ ⊔⟨⌉ ≀\⌉ ∇⌉⊔⊓∇\⌉⌈ ⊔≀ ⊔⟨⌉ ⊓∫⌉∇↙ T⟨⌉ ≀\↕† ↙⌋↕≀⌋‖⇔ ⌋↕≀⌋‖↖⌋≀\∫⊔∇⊣⟩\⊔⇔ ⊣\⌈ ⊔⟩⇕⟩\}↖⌋≀\∫⊔∇⊣⟩\⊔ ⌋≀\∫⊔∇⊓⌋⊔∫ ∇⌉⊔⊣⟩\⌉⌈ ⊣∇⌉ ⊔⟨⌉ ≀\⌉∫ ⟩\ ⊔⟨⌉ ⊘∇∫⊔ ⇕≀⌈⌉↕↙ A↕↕ ∫⊓⌊∫⌉∐⊓⌉\⊔ ⇕≀⌈⌉↕∫ ⌋⊣\ ⌊⌉ ⟩\⌋≀∇√≀∇⊣⊔⌉⌈ ⟩\⊔≀ ⊔⟨⌉ ⊘∇∫⊔ ⇕≀⌈⌉↕ ⊓∫⟩\} ⊔⟨⌉ ⇕≀⌈⌉↕↖∇⌉{⌉∇⌉\⌋⌉ ⌋≀\∫⊔∇⊓⌋⊔↙ A\†⊒⟨⌉∇⌉ ⟩\ ⊔⟨⌉ ⊘↕⌉ ⊣ ⊢↓≃ ⇐⟨⊣∫⟨⇒ ⌊⌉}⟩\∫ ⊣ ⌋≀⇕⇕⌉\⊔ ⊔⟨⊣⊔ ⌉§⊔⌉\⌈∫ ⊔≀ ⊔⟨⌉ ⌉\⌈ ≀{ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ↕⟩\⌉↙ N≀⊔⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ⌋⟨⊣∇⊣⌋⊔⌉∇ ⊢↓≃ ⌋⊣\\≀⊔ ⌊⌉ ⊓∫⌉⌈ ⟩\ ⊣\† ∫⟩}\⊣↕ \⊣⇕⌉∫↙ A ⊢∩≃ ⇐⌊⊣⌋‖∫↕⊣∫⟨⇒ ⊣∫ ⊔⟨⌉ ↕⊣∫⊔ ⌋⟨⊣∇⊣⌋⊔⌉∇ ≀{ ⊣ \≀\↖⌋≀⇕⇕⌉\⊔ ↕⟩\⌉ ⟩\⌈⟩⌋⊣⊔⌉∫ ⌋≀\⌋⊣⊔⌉\⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ∫⊓⌊∫⌉∐⊓⌉\⊔ ↕⟩\⌉ ⊔≀ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ↕⟩\⌉↙ N≀ ⊒⟨⟩⊔⌉∫√⊣⌋⌉ ∫⟨≀⊓↕⌈ {≀↕↕≀⊒ ⊔⟨⌉ ⊢∩≃↙ E§⊣⇕√↕⌉¬ ∋∋

↙⇕≀⌈⌉↕ ∫⟩⇕√↕⌉ ↙⟩\√⊓⊔∫ ⊣ ⌊ ↙≀⊓⊔√⊓⊔∫ ⌋ ↙\⊣⇕⌉∫ ⊣ ⌊ ⌋ ↓ ↙\⊣⇕⌉∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ↕⊣⊔⌉∇ ∞∞ ∞ ↙⌉\⌈ ↓ ⊓\\⊣⇕⌉⌈ ⇕≀⌈⌉↕ ↙\⊣⇕⌉∫ ⊣ ⌊ ∩ ⌋ ↓ ⊢∩≃ ⟨⌉∇⌉ ≀\↕† ⊔≀ ⌈⌉⇕≀\∫⊔∇⊣⊔⌉ ⟩⊔∫ ⊓∫⌉ ∞∞ ∞ B≀⊔⟨ ⇕≀⌈⌉↕∫ ⊖∫⟩⇕√↕⌉⪰ ⊣\⌈ ⊔⟨⌉ ⊓\\⊣⇕⌉⌈ ⇕≀⌈⌉↕ ⌈⌉∫⌋∇⟩⌊⌉ ⊔⟨⌉ ∫⊣⇕⌉ ⌋⟩∇⌋⊓⟩⊔↙

∈ L≀}⟩⌋ G⊣⊔⌉∫ A ↕≀}⟩⌋↖}⊣⊔⌉ ⊣∫∫≀⌋⟩⊣⊔⌉∫ ⊣ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\ ⊒⟩⊔⟨ ⊣ ∫⟩}\⊣↕ ⟩\ ⊔⟨⌉ ⇕≀⌈⌉↕⇔ ⊒⟨⟩⌋⟨ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊣∫ ⊣\ ⟩\√⊓⊔ ⊔≀ ≀⊔⟨⌉∇ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\∫↙ A ↕≀}⟩⌋↖}⊣⊔⌉ ⟩∫ ⌈⌉⌋↕⊣∇⌉⌈ ⊣∫ {≀↕↕≀⊒∫¬ ↙\⊣⇕⌉∫ ℜ⟩\↖∞⊤ ℜ⟩\↖∈⊤ ↙↙↙ ℜ⟩\↖\⊤ ℜ≀⊓⊔√⊓⊔⊤ ℜ∫⟩\}↕⌉↖≀⊓⊔√⊓⊔↖⌋≀⊑⌉∇⊤ ≀⊓⊔√⊓⊔ ⟩∫ ⊣ ∫⊔∇⟩\} }⟩⊑⟩\} ⊔⟨⌉ \⊣⇕⌉ ≀{ ⊔⟨⌉ }⊣⊔⌉ ⌊⌉⟩\} ⌈⌉⊘\⌉⌈↙ ⟩\↖∞⇔ ⟩\↖∈⇔ ↙↙↙ ⟩\↖\ ⊣∇⌉ ∫⊔∇⟩\}∫ }⟩⊑⟩\} ⊔⟨⌉ \⊣⇕⌉∫ ≀{ ⊔⟨⌉ ⟩\√⊓⊔∫ ⊔≀ ⊔⟨⌉ ↕≀}⟩⌋ }⊣⊔⌉ ⌊⌉⟩\} ⌈⌉⊘\⌉⌈↙ ∫⟩\}↕⌉↖≀⊓⊔√⊓⊔↖⌋≀⊑⌉∇ ⟩∫⇔ {≀∇⇕⊣↕↕†⇔ ⊣\ \↖⟩\√⊓⊔⇔ ∞↖≀⊓⊔√⊓⊔ PLA ⌈⌉∫⌋∇⟩√⊔⟩≀\ ≀{ ⊔⟨⌉ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\ ⌋≀∇∇⌉∫√≀\⌈⟩\} ⊔≀ ⊔⟨⌉ ↕≀}⟩⌋ }⊣⊔⌉↙ {′⇔ ∞⇔ ∘} ⟩∫ ⊓∫⌉⌈ ⟩\ ⊔⟨⌉ \↖⌊⟩⊔ ⊒⟩⌈⌉ ⊖⟩\√⊓⊔ √↕⊣\⌉⪰ ⊣\⌈ {′⇔ ∞} ⟩∫ ⊓∫⌉⌈ ⟩\ ⊔⟨⌉ ∞↖⌊⟩⊔ ⊒⟩⌈⌉ ⊖≀⊓⊔√⊓⊔ √↕⊣\⌉⪰↙ T⟨⌉ ON↖∫⌉⊔ ⟩∫ ∫√⌉⌋⟩⊘⌉⌈ ⊒⟩⊔⟨ ∞≃∫ ⟩\ ⊔⟨⌉ ⊖≀⊓⊔√⊓⊔ √↕⊣\⌉⇔⪰ ⊣\⌈ ⊔⟨⌉ OFF↖∫⌉⊔ ⟩∫ ∫√⌉⌋⟩⊘⌉⌈ ⊒⟩⊔⟨ ′≃∫ ⟩\ ⊔⟨⌉ ⊖≀⊓⊔√⊓⊔ √↕⊣\⌉↙⪰ T⟨⌉ DC↖∫⌉⊔ ⟩∫ ∫√⌉⌋⟩⊘⌉⌈ {≀∇ √∇⟩⇕⊣∇† ≀⊓⊔√⊓⊔ \≀⌈⌉∫ ≀\↕†⇔ ⌊† ⊓∫⟩\} ⊔⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔ ↙⌉§⌈⌋↙ A ∫⊣⇕√↕⌉ ↕≀}⟩⌋↖}⊣⊔⌉ ⊒⟩⊔⟨ ⟩⊔∫ ∫⟩\}↕⌉↖≀⊓⊔√⊓⊔↖⌋≀⊑⌉∇¬ ↙\⊣⇕⌉∫ ⊑∋ ⊑ ̸| ⊓∀ ⊑∞∋↙∞▽ ∞↖↖′ ∞ ↖∞↖∞ ∞ ′↖∞∞ ∞ I\ ⊣ }⟩⊑⌉\ ∇≀⊒ ≀{ ⊔⟨⌉ ∫⟩\}↕⌉↖≀⊓⊔√⊓⊔↖⌋≀⊑⌉∇⇔ ⊖∞⪰ ⇕⌉⊣\∫ ⊔⟨⌉ ⟩\√⊓⊔ ⟩∫ ⊓∫⌉⌈ ⟩\ ⊓\⌋≀⇕√↕⌉⇕⌉\⊔⌉⌈ {≀∇⇕⇔ ⊖′⪰ ⇕⌉⊣\∫ ⊔⟨⌉ ⟩\√⊓⊔ ⟩∫ ⌋≀⇕√↕⌉⇕⌉\⊔⌉⌈⇔ ⊣\⌈ ⊖∘⪰ ⇕⌉⊣\∫ \≀⊔ ⊓∫⌉⌈↙ E↕⌉⇕⌉\⊔∫ ≀{ ⊣ ∇≀⊒ ⊣∇⌉ AND⌉⌈ ⊔≀}⌉⊔⟨⌉∇⇔ ⊣\⌈ ⊔⟨⌉\ ⊣↕↕ ∇≀⊒∫ ⊣∇⌉ OR⌉⌈↙ A∫ ⊣ ∇⌉∫⊓↕⊔⇔ ⟩{ ⊔⟨⌉ ↕⊣∫⊔ ⌋≀↕⊓⇕\ ⇐⊔⟨⌉ ⊖≀⊓⊔√⊓⊔ √↕⊣\⌉⪰⇒ ≀{ ⊔⟨⌉ ∫⟩\}↕⌉↖≀⊓⊔√⊓⊔↖⌋≀⊑⌉∇ ⟩∫ ⊣↕↕ ∞≃∫⇔ ⊔⟨⌉ ⊘∇∫⊔ \ ⌋≀↕⊓⇕\∫ ⇐⊔⟨⌉ ⊖⟩\√⊓⊔ √↕⊣\⌉⪰⇒ ≀{ ⊔⟨⌉ ∫⟩\}↕⌉↖≀⊓⊔√⊓⊔↖⌋≀⊑⌉∇ ⌋⊣\ ⌊⌉ ⊑⟩⌉⊒⌉⌈ ⊣∫ ⊔⟨⌉ ⊔∇⊓⊔⟨ ⊔⊣⌊↕⌉ {≀∇ ⊔⟨⌉ ↕≀}⟩⌋ }⊣⊔⌉ \⊣⇕⌉⌈ ⌊† ⊔⟨⌉ ∫⊔∇⟩\} ≀⊓⊔√⊓⊔↙ T⟨⌉ ≀∇⌈⌉∇ ≀{ ⊔⟨⌉ ⟩\√⊓⊔∫ ⟩\ ⊔⟨⌉ ∫⟩\}↕⌉↖≀⊓⊔√⊓⊔↖⌋≀⊑⌉∇ ⟩∫ ⊔⟨⌉ ∫⊣⇕⌉ ⊣∫ ⊔⟨⌉ ≀∇⌈⌉∇ ≀{ ⊔⟨⌉ ∫⊔∇⟩\}∫ ⟩\↖∞⇔ ⟩\↖∈⇔ ↙↙↙⇔ ⟩\↖\ ⟩\ ⊔⟨⌉ ↙\⊣⇕⌉∫ ↕⟩\⌉↙ A ∫√⊣⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌋≀↕⊓⇕\∫ ≀{ ⊔⟨⌉ ⊖⟩\√⊓⊔ √↕⊣\⌉⪰ ⊣\⌈ ⊔⟨⌉ ⊖≀⊓⊔√⊓⊔ √↕⊣\⌉⪰ ⟩∫ ∇⌉∐⊓⟩∇⌉⌈↙ T⟨⌉ ⊔∇⊣\∫↕⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⊣⌊≀⊑⌉ ∫⊣⇕√↕⌉ ↕≀}⟩⌋↖}⊣⊔⌉ ⟩\⊔≀ ⊣ ∫⊓⇕↖≀{↖√∇≀⌈⊓⌋⊔∫ \≀⊔⊣⊔⟩≀\ ⊒≀⊓↕⌈ ⌊⌉ ⊣∫ {≀↕↕≀⊒∫¬ ⊑∞∋↙∞▽ ℑ ⇐⊑∋ ⊓∀≃⇒ ⇓ ⇐⊑ ̸⊓∀⇒ ⇓ ⇐⊑∋≃ | ⊓∀⇒ T≀ ⊣∫∫⟩}\ ⊔⟨⌉ ⌋≀\∫⊔⊣\⊔ ⊖′⪰ ⊔≀ ∫≀⇕⌉ ↕≀}⟩⌋ }⊣⊔⌉ |⇔ ⊓∫⌉ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ⌋≀\∫⊔∇⊓⌋⊔¬ ↙\⊣⇕⌉∫ | T≀ ⊣∫∫⟩}\ ⊔⟨⌉ ⌋≀\∫⊔⊣\⊔ ⊖∞⪰⇔ ⊓∫⌉ ⊔⟨⌉ {≀↕↕≀⊒⟩\}¬ ↙\⊣⇕⌉∫ | ∞ T⟨⌉ ∫⊔∇⟩\} ≀⊓⊔√⊓⊔ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊣∫ ⊔⟨⌉ ⟩\√⊓⊔ ⊔≀ ⊣\≀⊔⟨⌉∇ ↕≀}⟩⌋↖}⊣⊔⌉ ⌊⌉{≀∇⌉ ⊔⟨⌉ ↕≀}⟩⌋↖}⊣⊔⌉ {≀∇ ≀⊓⊔√⊓⊔ ⟩∫ ⟩⊔∫⌉↕{ ⌈⌉⊘\⌉⌈↙ F≀∇ ⊣ ⇕≀∇⌉ ⌋≀⇕√↕⌉⊔⌉ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ≀{ ⊔⟨⌉ PLA ⟩\√⊓⊔ {≀∇⇕⊣⊔⇔ ∫⌉⌉ ⌉∫√∇⌉∫∫≀⇐▽⇒↙

∋△

∋ E§⊔⌉∇\⊣↕ D≀\≃⊔ C⊣∇⌉∫ E§⊔⌉∇\⊣↕ ⌈≀\≃⊔ ⌋⊣∇⌉∫ ⊣∇⌉ ∫√⌉⌋⟩⊘⌉⌈ ⊣∫ ⊣ ∫⌉√⊣∇⊣⊔⌉ \⌉⊔⊒≀∇‖ ⊒⟩⊔⟨⟩\ ⊣ ⇕≀⌈⌉↕⇔ ⊣\⌈ ⊣∇⌉ ∫√⌉⌋⟩⊘⌉⌈ ⊣⊔ ⊔⟨⌉ ⌉\⌈ ≀{ ⊔⟨⌉ ⇕≀⌈⌉↕ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\↙ E⊣⌋⟨ ⌉§⊔⌉∇\⊣↕ ⌈≀\≃⊔ ⌋⊣∇⌉ {⊓\⌋⊔⟩≀\⇔ ⊒⟨⟩⌋⟨ ⟩∫ ∫√⌉⌋⟩⊘⌉⌈ ⌊† ⊣ ↙\⊣⇕⌉∫ ⌋≀\∫⊔∇⊓⌋⊔⇔ ⇕⊓∫⊔ ⌊⌉ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ⊣ √∇⟩⇕⊣∇† ≀⊓⊔√⊓⊔ ≀{ ⊔⟨⌉ ⇕⊣⟩\ ⇕≀⌈⌉↕ ⊣\⌈ ∫√⌉⌋⟩⊘⌉⌈ ⊣∫ ⊣ {⊓\⌋⊔⟩≀\ ≀{ ⊔⟨⌉ √∇⟩⇕⊣∇† ⟩\√⊓⊔∫ ≀{ ⊔⟨⌉ ⇕⊣⟩\ ⇕≀⌈⌉↕ ⇐⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ≀{ ⌉§⊔⌉∇\⊣↕ ⌈≀\≃⊔ ⌋⊣∇⌉∫ ⟩∫ ⌋⊓∇∇⌉\⊔↕† \≀⊔ ∫⊓√√≀∇⊔⌉⌈⇒↙ T⟨⌉ ⌉§⊔⌉∇\⊣↕ ⌈≀\≃⊔ ⌋⊣∇⌉∫ ⊣∇⌉ ∫√⌉⌋⟩⊘⌉⌈ ⊣∫ {≀↕↕≀⊒∫¬ ↙⌉§⌈⌋ ↙\⊣⇕⌉∫ ℜ⟩\↖∞⊤ ℜ⟩\↖∈⊤ ↙↙↙ ℜ⟩\↖\⊤ ℜ≀⊓⊔√⊓⊔⊤ ℜ∫⟩\}↕⌉↖≀⊓⊔√⊓⊔↖⌋≀⊑⌉∇⊤ ∨⌉§⌈⌋ ⟩\⌈⟩⌋⊣⊔⌉∫ ⊔⟨⊣⊔ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ↙\⊣⇕⌉∫ ⌋≀\∫⊔∇⊓⌋⊔∫ ⊣√√↕† ⊔≀ ⊔⟨⌉ ⌉§⊔⌉∇\⊣↕ ⌈≀\≃⊔ ⌋⊣∇⌉ \⌉⊔⊒≀∇‖↙ ≀⊓⊔√⊓⊔ ⟩∫ ⊣ ∫⊔∇⟩\} }⟩⊑⟩\} ⊔⟨⌉ \⊣⇕⌉ ≀{ ⊔⟨⌉ √∇⟩⇕⊣∇† ≀⊓⊔√⊓⊔ {≀∇ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ⌋≀\⌈⟩⊔⟩≀\∫ ⊣∇⌉ ⌈≀\≃⊔ ⌋⊣∇⌉∫↙ ⟩\↖∞⇔ ⟩\↖∈⇔ ↙↙↙ ⟩\↖\ ⊣∇⌉ ∫⊔∇⟩\}∫ }⟩⊑⟩\} ⊔⟨⌉ \⊣⇕⌉∫ ≀{ ⊔⟨⌉ √∇⟩⇕⊣∇† ⟩\√⊓⊔∫ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ⌈≀\≃⊔ ⌋⊣∇⌉ ⌋≀\⌈⟩⊔⟩≀\∫ ⊣∇⌉ ⌉§√∇⌉∫∫⌉⌈ ⟩\ ⊔⌉∇⇕∫ ≀{↙ ∫⟩\}↕⌉↖≀⊓⊔√⊓⊔↖⌋≀⊑⌉∇ ⟩∫ ⊣\ \↖⟩\√⊓⊔⇔ ∞↖≀⊓⊔√⊓⊔ PLA ⌈⌉∫⌋∇⟩√⊔⟩≀\ ≀{ ⊔⟨⌉ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\ ⌋≀∇∇⌉∫√≀\⌈⟩\} ⊔≀ ⊔⟨⌉ ⌈≀\≃⊔ ⌋⊣∇⌉ ⌋≀\⌈⟩⊔⟩≀\∫ {≀∇ ⊔⟨⌉ ≀⊓⊔√⊓⊔↙ T⟨⌉ {≀↕↕≀⊒⟩\} ⟩∫ ⊣\ ⌉§⊣⇕√↕⌉ ⌋⟩∇⌋⊓⟩⊔ ⊒⟩⊔⟨ ⌉§⊔⌉∇\⊣↕ ⌈≀\≃⊔ ⌋⊣∇⌉∫¬ ↙⇕≀⌈⌉↕ ⊣ ↙⟩\√⊓⊔∫ § † ↙≀⊓⊔√⊓⊔∫ | ↙∫⊓⌊⌋‖⊔ ⌊ §ℑ§ †ℑ† |ℑ| ↙⌉§⌈⌋ ↙\⊣⇕⌉∫ § | ∞ ∞ ↙⌉\⌈ ↙⇕≀⌈⌉↕ ⌊ ↙⟩\√⊓⊔∫ § † ↙≀⊓⊔√⊓⊔∫ | ↙\⊣⇕⌉∫ § † | ∞∞ ∞ ↙⌉\⌈ T⟨⌉ ⊔∇⊣\∫↕⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⊣⌊≀⊑⌉ ⌉§⊣⇕√↕⌉ ⟩\⊔≀ ⊣ ∫⊓⇕↖≀{↖√∇≀⌈⊓⌋⊔∫ \≀⊔⊣⊔⟩≀\ ⊒≀⊓↕⌈ ⌊⌉ ⊣∫ {≀↕↕≀⊒∫¬ | ℑ § ⇑ †∅ ⌉§⊔⌉∇\⊣↕ ⌈↙⌋↙ {≀∇ | ℑ §∅

△ F↕⟩√ ⊙≀√∫ ⊣\⌈ ↕⊣⊔⌋⟨⌉∫ A }⌉\⌉∇⟩⌋↖↕⊣⊔⌋⟨ ⟩∫ ⊓∫⌉⌈ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣ ⌈⌉↕⊣† ⌉↕⌉⇕⌉\⊔ ⟩\ ⊣ ⇕≀⌈⌉↕↙ I⊔ ∇⌉√∇⌉∫⌉\⊔∫ ≀\⌉ ⌊⟩⊔ ≀{ ⇕⌉⇕≀∇† ≀∇ ∫⊔⊣⊔⌉ ⟩\{≀∇⇕⊣⊔⟩≀\↙ T⟨⌉ }⌉\⌉∇⟩⌋↖↕⊣⊔⌋⟨ ⌋≀\∫⊔∇⊓⌋⊔ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣\† ⊔†√⌉ ≀{ ↕⊣⊔⌋⟨ ≀∇ ⊙⟩√↖⊙≀√ ⇐∫⌉⌉ ⊣↕∫≀ ⊔⟨⌉ ↕⟩⌊∇⊣∇†↖}⊣⊔⌉ ∫⌉⌋⊔⟩≀\⇒↙ A }⌉\⌉∇⟩⌋↖↕⊣⊔⌋⟨ ⟩∫ ⌈⌉⌋↕⊣∇⌉⌈ ⊣∫ {≀↕↕≀⊒∫¬ ↙↕⊣⊔⌋⟨ ℜ⟩\√⊓⊔⊤ ℜ≀⊓⊔√⊓⊔⊤ ∪ℜ⊔†√⌉⊤ ℜ⌋≀\⊔∇≀↕⊤⊎ ∪ℜ⟩\⟩⊔↖⊑⊣↕⊤⊎ ⟩\√⊓⊔ ⟩∫ ⊔⟨⌉ ⌈⊣⊔⊣ ⟩\√⊓⊔ ⊔≀ ⊔⟨⌉ ↕⊣⊔⌋⟨↙ ≀⊓⊔√⊓⊔ ⟩∫ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ≀{ ⊔⟨⌉ ↕⊣⊔⌋⟨↙ ⊔†√⌉ ⟩∫ ≀\⌉ ≀{ {{⌉⇔ ∇⌉⇔ ⊣⟨⇔ ⊣↕⇔ ⊣∫}⇔ ⊒⟨⟩⌋⟨ ⌋≀∇∇⌉∫√≀\⌈ ⊔≀ ⊖{⊣↕↕⟩\} ⌉⌈}⌉⇔⪰ ⊖∇⟩∫⟩\} ⌉⌈}⌉⇔⪰ ⊖⊣⌋⊔⟩⊑⌉ ⟨⟩}⟨⇔⪰ ⊖⊣⌋⊔⟩⊑⌉ ↕≀⊒⇔⪰ ≀∇ ⊖⊣∫†\⌋⟨∇≀\≀⊓∫↙⪰ ⌋≀\⊔∇≀↕ ⟩∫ ⊔⟨⌉ ⌋↕≀⌋‖⟩\} ∫⟩}\⊣↕ {≀∇ ⊔⟨⌉ ↕⊣⊔⌋⟨↙ I⊔ ⌋⊣\ ⌊⌉ ⊣ ↙⌋↕≀⌋‖ ≀{ ⊔⟨⌉ ⇕≀⌈⌉↕⇔ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ≀{ ⊣\† {⊓\⌋⊔⟩≀\ ⟩\ ⊔⟨⌉ ⇕≀⌈⌉↕⇔ ≀∇ ⊔⟨⌉ ⊒≀∇⌈ ⊖NIL⪰ {≀∇ \≀ ⌋↕≀⌋‖↙ ∋▽

⟩\⟩⊔↖⊑⊣↕ ⟩∫ ⊔⟨⌉ ⟩\⟩⊔⟩⊣↕ ∫⊔⊣⊔⌉ ≀{ ⊔⟨⌉ ↕⊣⊔⌋⟨⇔ ⊒⟨⟩⌋⟨ ⌋⊣\ ⌊⌉ ≀\⌉ ≀{ {′⇔ ∞⇔ ∈⇔ ∋}↙ ⊖∈⪰ ∫⊔⊣\⌈∫ {≀∇ ⊖⌈≀\≃⊔ ⌋⊣∇⌉⪰ ⊣\⌈ ⊖∋⪰ ⟩∫ ⊖⊓\‖\≀⊒\↙⪰ U\∫√⌉⌋⟩⊘⌉⌈⇔ ⟩⊔ ⟩∫ ⊣∫∫⊓⇕⌉⌈ ⊖∋↙⪰ I{ ⊣ ↕⊣⊔⌋⟨ ⌈≀⌉∫ \≀⊔ ⟨⊣⊑⌉ ⊣ ⌋≀\⊔∇≀↕↕⟩\} ⌋↕≀⌋‖ ∫√⌉⌋⟩⊘⌉⌈⇔ ⟩⊔ ⟩∫ ⊣∫∫⊓⇕⌉⌈ ⊔⟨⊣⊔ ⟩⊔ ⟩∫ ⊣⌋⊔⊓⊣↕↕† ⌋≀\⊔∇≀↕↕⌉⌈ ⌊† ⊣ ∫⟩\}↕⌉ }↕≀⌊⊣↕ ⌋↕≀⌋‖↙ T⟨⌉ ⌊⌉⟨⊣⊑⟩≀∇ ≀{ ⊔⟨⟩∫ }↕≀⌊⊣↕ ⌋↕≀⌋‖ ⇕⊣† ⌊⌉ ⟩\⊔⌉∇√∇⌉⊔⌉⌈ ⌈⟩{{⌉∇⌉\⊔↕† ⌊† ⊔⟨⌉ ⊑⊣∇⟩≀⊓∫ ⊣↕}≀∇⟩⊔⟨⇕∫ ⊔⟨⊣⊔ ⇕⊣† ⇕⊣\⟩√⊓↕⊣⊔⌉ ⊔⟨⌉ ⇕≀⌈⌉↕ ⊣{⊔⌉∇ ⊔⟨⌉ ⇕≀⌈⌉↕ ⟨⊣∫ ⌊⌉⌉\ ∇⌉⊣⌈ ⟩\↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊔⟨⌉ ⊓∫⌉∇ ∫⟨≀⊓↕⌈ ⌊⌉ ⊣⊒⊣∇⌉ ≀{ ⊔⟨⌉∫⌉ ⊑⊣∇†⟩\} ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⟩{ ↕⊣⊔⌋⟨⌉∫ ⊣∇⌉ ∫√⌉⌋⟩⊘⌉⌈ ⊒⟩⊔⟨ \≀ ⌋≀\⊔∇≀↕↕⟩\} ⌋↕≀⌋‖∫↙ I⇕√≀∇⊔⊣\⊔¬ A↕↕ {⌉⌉⌈⌊⊣⌋‖ ↕≀≀√∫ ⟩\ ⊣ ⇕≀⌈⌉↕ ⇕⊓∫⊔ }≀ ⊔⟨∇≀⊓}⟨ ⊣ }⌉\⌉∇⟩⌋↖↕⊣⊔⌋⟨↙ P⊓∇⌉↕† ⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕↖↕≀}⟩⌋ ⌋†⌋↕⌉∫ ⊣∇⌉ \≀⊔ ⊣↕↕≀⊒⌉⌈↙ E§⊣⇕√↕⌉∫¬ ↙⟩\√⊓⊔∫ ⌈ ↓ ⊣ ⌋↕≀⌋‖⌉⌈ {↕⟩√↖{↕≀√ ↙≀⊓⊔√⊓⊔ ∐ ↙⌋↕≀⌋‖ ⌋ ↙↕⊣⊔⌋⟨ ⌈ ∐ ∇⌉ ⌋ ′ ↙⌉\⌈ ↙⟩\√⊓⊔∫ ⟩\ ↓ ⊣ ⊑⌉∇† ∫⟩⇕√↕⌉ ∫⌉∐⊓⌉\⊔⟩⊣↕ ⌋⟩∇⌋⊓⟩⊔ ↙≀⊓⊔√⊓⊔∫ ≀⊓⊔ ↙↕⊣⊔⌋⟨ ≀⊓⊔ ⟩\ ′ ↙\⊣⇕⌉∫ ⟩\ ≀⊓⊔ ′ ∞ ↙⌉\⌈

▽ L⟩⌊∇⊣∇† G⊣⊔⌉∫ A ↕⟩⌊∇⊣∇†↖}⊣⊔⌉ ⌋∇⌉⊣⊔⌉∫ ⊣\ ⟩\∫⊔⊣\⌋⌉ ≀{ ⊣ ⊔⌉⌋⟨\≀↕≀}†↖⌈⌉√⌉\⌈⌉\⊔ ↕≀}⟩⌋ }⊣⊔⌉ ⊣\⌈ ⊣∫∫≀⌋⟩⊣⊔⌉∫ ⟩⊔ ⊒⟩⊔⟨ ⊣ \≀⌈⌉ ⊔⟨⊣⊔ ∇⌉√∇⌉∫⌉\⊔∫ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ≀{ ⊔⟨⌉ ↕≀}⟩⌋ }⊣⊔⌉↙ T⟨⌉ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\ ≀{ ⊔⟨⌉ }⊣⊔⌉ ⊣\⌈ ⟩⊔∫ ‖\≀⊒\ ⊔⌉⌋⟨\≀↕≀}† ⌈⌉√⌉\⌈⌉\⊔ ⌈⌉↕⊣†∫⇔ ⌈∇⟩⊑⌉∫⇔ ⌉⊔⌋↙ ⊣∇⌉ ∫⊔≀∇⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ ↕⟩⌊∇⊣∇†↖}⊣⊔⌉↙ A ↕⟩⌊∇⊣∇†↖}⊣⊔⌉ ⟩∫ ≀\⌉ ≀{ ⊔⟨⌉ {≀↕↕≀⊒⟩\}¬ ↙}⊣⊔⌉ ℜ\⊣⇕⌉⊤ ℜ{≀∇⇕⊣↕↖⊣⌋⊔⊓⊣↕↖↕⟩∫⊔⊤ ↙⇕↕⊣⊔⌋⟨ ℜ\⊣⇕⌉⊤ ℜ{≀∇⇕⊣↕↖⊣⌋⊔⊓⊣↕↖↕⟩∫⊔⊤ ℜ⌋≀\⊔∇≀↕⊤ ∪ℜ⟩\⟩⊔↖⊑⊣↕⊤⊎ \⊣⇕⌉ ⟩∫ ⊔⟨⌉ \⊣⇕⌉ ≀{ ⊔⟨⌉ ↙}⊣⊔⌉ ≀∇ ↙⇕↕⊣⊔⌋⟨ ⊔≀ ⟩\∫⊔⊣\⊔⟩⊣⊔⌉↙ A }⊣⊔⌉ ≀∇ ↕⊣⊔⌋⟨ ⊒⟩⊔⟨ ⊔⟨⟩∫ \⊣⇕⌉ ⇕⊓∫⊔ ⌊⌉ √∇⌉∫⌉\⊔ ⟩\ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⊒≀∇‖⟩\} ↕⟩⌊∇⊣∇†↙ {≀∇⇕⊣↕↖⊣⌋⊔⊓⊣↕↖↕⟩∫⊔ ⟩∫ ⊣ ⇕⊣√√⟩\} ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ {≀∇⇕⊣↕ √⊣∇⊣⇕⌉⊔⌉∇∫ ≀{ \⊣⇕⌉ ⇐⊔⟨⌉ ⊔⌉∇⇕⟩\⊣↕∫ ≀{ ⊔⟨⌉ ↕⟩⌊∇⊣∇†↖}⊣⊔⌉⇒ ⊣\⌈ ⊔⟨⌉ ⊣⌋⊔⊓⊣↕ √⊣∇⊣⇕⌉⊔⌉∇∫ ≀{ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⇕≀⌈⌉↕ ⇐⊣\† ∫⟩}\⊣↕∫ ⟩\ ⊔⟨⟩∫ ⇕≀⌈⌉↕⇒↙ T⟨⌉ {≀∇⇕⊣⊔ {≀∇ ⊣ {≀∇⇕⊣↕↖⊣⌋⊔⊓⊣↕↖↕⟩∫⊔ ⟩∫ ⊣ ⊒⟨⟩⊔⌉↖∫√⊣⌋⌉↖∫⌉√⊣∇⊣⊔⌉⌈ ∫⌉∐⊓⌉\⌋⌉ ≀{ ⊣∫∫⟩}\⇕⌉\⊔ ∫⊔⊣⊔⌉⇕⌉\⊔∫ ≀{ ⊔⟨⌉ {≀∇⇕¬ {≀∇⇕⊣↕∞ℑ⊣⌋⊔⊓⊣↕∞ {≀∇⇕⊣↕∈ℑ⊣⌋⊔⊓⊣↕∈ ↙↙↙ A↕↕ ≀{ ⊔⟨⌉ {≀∇⇕⊣↕ √⊣∇⊣⇕⌉⊔⌉∇∫ ≀{ \⊣⇕⌉ ⇕⊓∫⊔ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈ ⟩\ ⊔⟨⌉ {≀∇⇕⊣↕↖⊣⌋⊔⊓⊣↕↖↕⟩∫⊔ ⊣\⌈ ⊔⟨⌉ ∫⟩\}↕⌉ ≀⊓⊔√⊓⊔ ≀{ \⊣⇕⌉ ⇕⊓∫⊔ ⌊⌉ ⊔⟨⌉ ↕⊣∫⊔ ≀\⌉ ⟩\ ⊔⟨⌉ ↕⟩∫⊔↙ ⌋≀\⊔∇≀↕ ⟩∫ ⊔⟨⌉ ⌋↕≀⌋‖⟩\} ∫⟩}\⊣↕ {≀∇ ⊔⟨⌉ ⇕↕⊣⊔⌋⟨⇔ ⊒⟨⟩⌋⟨ ⌋⊣\ ⌊⌉ ⌉⟩⊔⟨⌉∇ ⊣ ↙⌋↕≀⌋‖ ≀{ ⊔⟨⌉ ⇕≀⌈⌉↕⇔ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ≀{ ⊣\† {⊓\⌋⊔⟩≀\ ⟩\ ⊔⟨⌉ ⇕≀⌈⌉↕⇔ ≀∇ ⊔⟨⌉ ⊒≀∇⌈ ⊖NIL⪰ {≀∇ \≀ ⌋↕≀⌋‖↙ ⟩\⟩⊔↖⊑⊣↕ ⟩∫ ⊔⟨⌉ ⟩\⟩⊔⟩⊣↕ ∫⊔⊣⊔⌉ ≀{ ⊔⟨⌉ ⇕↕⊣⊔⌋⟨⇔ ⊒⟨⟩⌋⟨ ⌋⊣\ ⌊⌉ ≀\⌉ ≀{ {′⇔ ∞⇔ ∈⇔ ∋}↙ ⊖∈⪰ ∫⊔⊣\⌈∫ {≀∇ ⊖⌈≀\≃⊔ ⌋⊣∇⌉⪰ ⊣\⌈ ⊖∋⪰ ⟩∫ ⊖⊓\‖\≀⊒\↙⪰ U\∫√⌉⌋⟩⊘⌉⌈⇔ ⟩⊔ ⟩∫ ⊣∫∫⊓⇕⌉⌈ ⊖∋↙⪰ A ↙}⊣⊔⌉ ∇⌉{⌉∇∫ ⊔≀ ⊣ ⊔⊒≀↖↕⌉⊑⌉↕ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ≀{ ⊣\ ⊣∇⌊⟩⊔∇⊣∇† ⟩\√⊓⊔⇔ ∫⟩\}↕⌉ ≀⊓⊔√⊓⊔ }⊣⊔⌉ ⟩\ ⊣ ↕⟩⌊∇⊣∇†↙ A ↙}⊣⊔⌉ ⊣√√⌉⊣∇∫ ⊓\⌈⌉∇ ⊣ ⊔⌉⌋⟨\≀↕≀}†↖⟩\⌈⌉√⌉\⌈⌉\⊔ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊣∫ ⟩{ ⟩⊔ ⊒⌉∇⌉ ⊣ ∫⟩\}↕⌉ ↕≀}⟩⌋↖}⊣⊔⌉↙ A ↙⇕↕⊣⊔⌋⟨ ∇⌉{⌉∇∫ ⊔≀ ⊣ ↕⊣⊔⌋⟨ ⇐\≀⊔ \⌉⌋⌉∫∫⊣∇⟩↕† ⊣ D ⊙⟩√ ⊙≀√⇒ ⟩\ ⊣ ↕⟩⌊∇⊣∇†↙ A ↙⇕↕⊣⊔⌋⟨ ⊣√√⌉⊣∇∫ ⊓\⌈⌉∇ ⊣ ⊔⌉⌋⟨\≀↕≀}†↖ ⟩\⌈⌉√⌉\⌈⌉\⊔ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊣∫ ⟩{ ⟩⊔ ⊒⌉∇⌉ ⊣ ∫⟩\}↕⌉ }⌉\⌉∇⟩⌋↖↕⊣⊔⌋⟨ ⊣\⌈ √≀∫∫⟩⌊↕† ⊣ ∫⟩\}↕⌉ ↕≀}⟩⌋↖}⊣⊔⌉ {⌉⌉⌈⟩\} ⊔⟨⌉ ⌈⊣⊔⊣ ⟩\√⊓⊔ ≀{ ⊔⟨⊣⊔ }⌉\⌉∇⟩⌋↖↕⊣⊔⌋⟨↙

∋

↙}⊣⊔⌉∫ ⊣\⌈ ↙⇕↕⊣⊔⌋⟨⌉∫ ⊣∇⌉ ⊓∫⌉⌈ ⊔≀ ⌈⌉∫⌋∇⟩⌊⌉ ⌋⟩∇⌋⊓⟩⊔∫ ⊔⟨⊣⊔ ⟨⊣⊑⌉ ⌊⌉⌉\ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⊓∫⟩\} ⊣ ∫√⌉⌋⟩⊘⌋ ↕⟩⌊∇⊣∇† ≀{ ∫⊔⊣\⌈⊣∇⌈ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\∫ ⊣\⌈ ⊔⟨⌉⟩∇ ⊔⌉⌋⟨\≀↕≀}†↖⌈⌉√⌉\⌈⌉\⊔ √∇≀√⌉∇⊔⟩⌉∫↙ T⟨⌉ ↕⟩⌊∇⊣∇† ≀{ ↕⟩⌊∇⊣∇†↖}⊣⊔⌉∫ ⇕⊓∫⊔ ⌊⌉ ∇⌉⊣⌈ ⟩\ ⌊⌉{≀∇⌉ ⊣ BLIF ⊘↕⌉ ⌋≀\⊔⊣⟩\⟩\} ↙}⊣⊔⌉ ≀∇ ↙⇕↕⊣⊔⌋⟨ ⌋≀\∫⊔∇⊓⌋⊔∫ ⟩∫ ∇⌉⊣⌈ ⟩\↙ T⟨⌉ ∫⊔∇⟩\} \⊣⇕⌉ ∇⌉{⌉∇∫ ⊔≀ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ }⊣⊔⌉ ≀∇ ↕⊣⊔⌋⟨ ⟩\ ⊔⟨⌉ ↕⟩⌊∇⊣∇†↙ T⟨⌉ \⊣⇕⌉∫ ⊖\⊣\⌈∈⇔⪰ ⊖⟩\⊑⇔⪰ ⊣\⌈ ⊖|‖ ∇⟩∫⟩\} ⌉⌈}⌉⪰ ⟩\ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ⌉§⊣⇕√↕⌉∫ ⊣∇⌉ ⌈⌉∫⌋∇⟩√⊔⟩⊑⌉ \⊣⇕⌉∫ {≀∇ }⊣⊔⌉∫ ⟩\ ⊔⟨⌉ ↕⟩⌊∇⊣∇†↙ T⟨⌉ {≀↕↕≀⊒⟩\} BLIF ⌈⌉∫⌋∇⟩√⊔⟩≀\¬ ↙⟩\√⊓⊔∫ ⊑∞ ⊑∈ ↙≀⊓⊔√⊓⊔∫ | ↙}⊣⊔⌉ \⊣\⌈∈ Aℑ⊑∞ Bℑ⊑∈ Oℑ§ ↓ }⟩⊑⌉\¬ {≀∇⇕⊣↕∫ ≀{ ⊔⟨⟩∫ }⊣⊔⌉ ⊣∇⌉ A⇔ B⇔ O ↙}⊣⊔⌉ ⟩\⊑ Aℑ§ Oℑ| ↓ }⟩⊑⌉\¬ {≀∇⇕⊣↕∫ ≀{ ⊔⟨⟩∫ }⊣⊔⌉ ⊣∇⌉ A ↘ O ↙⌉\⌈ ⌋≀⊓↕⌈ ⊣↕∫≀ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈ ⟩\ ⊣ ⊔⌉⌋⟨\≀↕≀}†↖⟩\⌈⌉√⌉\⌈⌉\⊔ ⊒⊣† ⇐⊣∫∫⊓⇕⟩\} ⊖\⊣\⌈∈⪰ ⟩∫ ⊣ ∈↖⟩\√⊓⊔ NAND }⊣⊔⌉ ⊣\⌈ ⊖⟩\⊑⪰ ⟩∫ ⊣\ INVERTER⇒ ⊣∫ {≀↕↕≀⊒∫¬ ↙⟩\√⊓⊔∫ ⊑∞ ⊑∈ ↙≀⊓⊔√⊓⊔∫ | ↙\⊣⇕⌉∫ ⊑∞ ⊑∈ § ′↖ ∞ ↖′ ∞ ↙\⊣⇕⌉∫ § | ′ ∞ ↙⌉\⌈ S⟩⇕⟩↕⊣∇↕†¬ ↙⟩\√⊓⊔∫ | ‖⌊⊣∇ ↙≀⊓⊔√⊓⊔∫ ≀⊓⊔ ↙⌋↕≀⌋‖ ⌋↕‖ ↙⇕↕⊣⊔⌋⟨ |‖∨∇⟩∫⟩\}∨⌉⌈}⌉ Jℑ| Kℑ‖ Qℑ∐ ⌋↕‖ ∞ ↓ }⟩⊑⌉\¬ {≀∇⇕⊣↕∫ ⊣∇⌉ J⇔ K⇔ Q ↙\⊣⇕⌉∫ ∐ ≀⊓⊔ ′ ∞ ↙\⊣⇕⌉∫ ‖⌊⊣∇ ‖ ′ ∞ ↙⌉\⌈ ⌋≀⊓↕⌈ ⟨⊣⊑⌉ ⌊⌉⌉\ ∫√⌉⌋⟩⊘⌉⌈ ⟩\ ⊣ ⊔⌉⌋⟨\≀↕≀}†↖⟩\⌈⌉√⌉\⌈⌉\⊔ ⊒⊣† ⇐⊣∫∫⊓⇕⟩\} ⊖|‖ ∇⟩∫⟩\} ⌉⌈}⌉⪰ ⟩∫ ⊣ JK ∇⟩∫⟩\}↖⌉⌈}⌉↖⊔∇⟩}}⌉∇⌉⌈ ⊙⟩√ ⊙≀√⇒ ⊣∫ {≀↕↕≀⊒∫¬ ↙⟩\√⊓⊔∫ | ‖⌊⊣∇ ↙≀⊓⊔√⊓⊔∫ ≀⊓⊔ ↙⌋↕≀⌋‖ ⌋↕‖ ↙↕⊣⊔⌋⟨ ⊔⌉⇕√ ∐ ∇⌉ ⌋↕‖ ∞ ↓ ⊔⟨⌉ ↙↕⊣⊔⌋⟨ ↙\⊣⇕⌉∫ | ‖ ∐ ⊔⌉⇕√ ↓ ⊔⟨⌉ ↙\⊣⇕⌉∫ {⌉⌉⌈⟩\} ⊔⟨⌉ D ⟩\√⊓⊔ ≀{ ⊔⟨⌉ ↙↕⊣⊔⌋⟨ ↖′∞ ∞ ∞↖′ ∞ ↙\⊣⇕⌉∫ ∐ ≀⊓⊔ ′ ∞ ↙\⊣⇕⌉∫ ‖⌊⊣∇ ‖ ′ ∞ ↙⌉\⌈

̸M≀⌈⌉↕ ⇐∫⊓⌊⌋⟩∇⌋⊓⟩⊔⇒ ∇⌉{⌉∇⌉\⌋⌉∫ A ⇕≀⌈⌉↕↖∇⌉{⌉∇⌉\⌋⌉ ⟩∫ ⊓∫⌉⌈ ⊔≀ ⟩\∫⌉∇⊔ ⊔⟨⌉ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\∫ ≀{ ≀\⌉ ⇕≀⌈⌉↕ ⟩\⊔≀ ⊔⟨⌉ ⌊≀⌈† ≀{ ⊣\≀⊔⟨⌉∇↙ I⊔ ⟩∫ ⌈⌉⊘\⌉⌈ ⊣∫ {≀↕↕≀⊒∫¬ ↙∫⊓⌊⌋‖⊔ ℜ⇕≀⌈⌉↕↖\⊣⇕⌉⊤ ℜ{≀∇⇕⊣↕↖⊣⌋⊔⊓⊣↕↖↕⟩∫⊔⊤ ⇕≀⌈⌉↕↖\⊣⇕⌉ ⟩∫ ⊣ ∫⊔∇⟩\} }⟩⊑⟩\} ⊔⟨⌉ \⊣⇕⌉ ≀{ ⊔⟨⌉ ⇕≀⌈⌉↕ ⌊⌉⟩\} ⟩\∫⌉∇⊔⌉⌈↙ I⊔ \⌉⌉⌈ \≀⊔ ⌊⌉ √∇⌉⊑⟩≀⊓∫↕† ⌈⌉⊘\⌉⌈ ⟩\ ⊔⟨⟩∫ ⊘↕⌉⇔ ⌊⊓⊔ ∫⟨≀⊓↕⌈ ⌊⌉ ⌈⌉⊘\⌉⌈ ∫≀⇕⌉⊒⟨⌉∇⌉ ⟩\ ⌉⟩⊔⟨⌉∇ ⊔⟨⟩∫ ⊘↕⌉⇔ ⊣ ↙∫⌉⊣∇⌋⟨ ⊘↕⌉⇔ ≀∇ ⊣ ⇕⊣∫⊔⌉∇ ⊘↕⌉ ⊔⟨⊣⊔ ⟩∫ ↙∫⌉⊣∇⌋⟨⟩\} ⊔⟨⟩∫ ⊘↕⌉↙ ⇐∫⌉⌉ ↙∫⌉⊣∇⌋⟨ ⌊⌉↕≀⊒⇒ {≀∇⇕⊣↕↖⊣⌋⊔⊓⊣↕↖↕⟩∫⊔ ⟩∫ ⊣ ⇕⊣√√⟩\} ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ {≀∇⇕⊣↕ ⊔⌉∇⇕⟩\⊣↕∫ ⇐⊔⟨⌉ ⌈⌉⌋↕↖⟩\√⊓⊔↖↕⟩∫⊔⇔ ⌈⌉⌋↕↖≀⊓⊔√⊓⊔↖↕⟩∫⊔⇔ ⊣\⌈ ⌈⌉⌋↕↖⌋↕≀⌋‖↖↕⟩∫⊔⇒ ≀{ ⊔⟨⌉ ⌋⊣↕↕⌉⌈ ⇕≀⌈⌉↕ ⇕≀⌈⌉↕↖\⊣⇕⌉ ⊣\⌈ ⊔⟨⌉ ⊣⌋⊔⊓⊣↕ √⊣∇⊣⇕⌉⊔⌉∇∫ ≀{ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⇕≀⌈⌉↕↙ T⟨⌉ ⊣⌋⊔⊓⊣↕ √⊣∇⊣⇕⌉⊔⌉∇∫ ⇕⊣† ⌊⌉ ⊣\† ∫⟩}\⊣↕∫ ⟩\ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⇕≀⌈⌉↕↙ T⟨⌉ {≀∇⇕⊣⊔ {≀∇ ⊣ {≀∇⇕⊣↕↖⊣⌋⊔⊓⊣↕↖↕⟩∫⊔ ⟩∫ ⊔⟨⌉ ∫⊣⇕⌉ ⊣∫ ⟩⊔∫ {≀∇⇕⊣⊔ ⟩\ ⊣ ↕⟩⌊∇⊣∇†↖}⊣⊔⌉↙ ∋

A ↙∫⊓⌊⌋‖⊔ ⌋≀\∫⊔∇⊓⌋⊔ ⌋⊣\ ⌊⌉ ⊑⟩⌉⊒⌉⌈ ⊣∫ ⌋∇⌉⊣⊔⟩\} ⊣ ⌋≀√† ≀{ ⊔⟨⌉ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\∫ ≀{ ⊔⟨⌉ ⌋⊣↕↕⌉⌈ ⇕≀⌈⌉↕ ⇕≀⌈⌉↕↖\⊣⇕⌉⇔ ⟩\⌋↕⊓⌈⟩\} ⊣↕↕ ≀{ ⇕≀⌈⌉↕↖\⊣⇕⌉≃∫ }⌉\⌉∇⟩⌋↖↕⊣⊔⌋⟨⌉∫⇔ ⟩\ ⊔⟨⌉ ⌋⊣↕↕⟩\} ⇕≀⌈⌉↕↙ T⟨⌉ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ \⊣⊔⊓∇⌉ ≀{ ⊔⟨⌉ BLIF ⌈⌉∫⌋∇⟩√⊔⟩≀\ ≀{ ⊔⟨⌉ ⇕≀⌈⌉↕ ⌈≀⌉∫ \≀⊔ ⟨⊣⊑⌉ ⊔≀ ⌊⌉ √∇⌉∫⌉∇⊑⌉⌈↙ S⊓⌊⌋⟩∇⌋⊓⟩⊔∫ ⌋⊣\ ⌊⌉ \⌉∫⊔⌉⌈⇔ ⌊⊓⊔ ⌋⊣\\≀⊔ ⌊⌉ ∫⌉↕{↖∇⌉{⌉∇⌉\⊔⟩⊣↕ ≀∇ ⌋∇⌉⊣⊔⌉ ⊣ ⌋†⌋↕⟩⌋ ⌈⌉√⌉\⌈⌉\⌋†↙ U\↕⟩‖⌉ ⊣ ↕⟩⌊∇⊣∇†↖}⊣⊔⌉⇔ ⊣ ⇕≀⌈⌉↕↖∇⌉{⌉∇⌉\⌋⌉ ⟩∫ \≀⊔ ↕⟩⇕⟩⊔⌉⌈ ⊔≀ ≀\⌉ ≀⊓⊔√⊓⊔↙ T⟨⌉ {≀∇⇕⊣↕∫ \⌉⌉⌈ \≀⊔ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈ ⟩\ ⊔⟨⌉ ∫⊣⇕⌉ ≀∇⌈⌉∇ ⊣∫ ⊔⟨⌉† ⊣∇⌉ ⌈⌉⊘\⌉⌈ ⟩\ ⊔⟨⌉ ⌈⌉⌋↕↖⟩\√⊓⊔↖↕⟩∫⊔⇔ ⌈⌉⌋↕↖≀⊓⊔√⊓⊔↖↕⟩∫⊔⇔ ≀∇ ⌈⌉⌋↕↖⌋↕≀⌋‖↖↕⟩∫⊔∅ ⌉↕⌉⇕⌉\⊔∫ ≀{ ⊔⟨⌉ ↕⟩∫⊔∫ ⌋⊣\ ⌊⌉ ⟩\⊔⌉∇⇕⟩\}↕⌉⌈ ⟩\ ⊣\† ≀∇⌈⌉∇⇔ √∇≀⊑⟩⌈⌉⌈ ⊔⟨⌉ \⊣⇕⌉∫ ⊣∇⌉ }⟩⊑⌉\ ⌋≀∇∇⌉⌋⊔↕†↙ W⊣∇\⟩\} ⇕⌉∫∫⊣}⌉∫ ⊣∇⌉ √∇⟩\⊔⌉⌈ ⟩{ ⌉↕⌉⇕⌉\⊔∫ ≀{ ⊔⟨⌉ ⌈⌉⌋↕↖⟩\√⊓⊔↖↕⟩∫⊔ ≀∇ ⌈⌉⌋↕↖⌋↕≀⌋‖↖↕⟩∫⊔ ⊣∇⌉ \≀⊔ ⌈∇⟩⊑⌉\ ⌊† ⊣\ ⊣⌋⊔⊓⊣↕ √⊣∇⊣⇕⌉⊔⌉∇ ≀∇ ⟩{ ⌉↕⌉⇕⌉\⊔∫ ≀{ ⊔⟨⌉ ⌈⌉⌋↕↖≀⊓⊔√⊓⊔↖↕⟩∫⊔ ⌈≀ \≀⊔ {⊣\ ≀⊓⊔ ⊔≀ ⊣\ ⊣⌋⊔⊓⊣↕ √⊣∇⊣⇕⌉⊔⌉∇↙ E↕⌉⇕⌉\⊔∫ ≀{ ⊔⟨⌉ ⌈⌉⌋↕↖⌋↕≀⌋‖↖↕⟩∫⊔ ⊣\⌈ ⌈⌉⌋↕↖⟩\√⊓⊔↖↕⟩∫⊔ ⇕⊣† ⌊⌉ ⌈∇⟩⊑⌉\ ⌊† ⊣\† ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\ ≀{ ⊔⟨⌉ ⌋⊣↕↕⟩\} ⇕≀⌈⌉↕↙ E§⊣⇕√↕⌉¬ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ∇⌉⊒∇⟩⊔⟩\} ⊔⟨⌉ ⌉\⊔⟩∇⌉ BLIF ⌈⌉∫⌋∇⟩√⊔⟩≀\ {≀∇ ⊣ ⌋≀⇕⇕≀\↕† ⊓∫⌉⌈ ∫⊓⌊⌋⟩∇⌋⊓⟩⊔ ∫⌉⊑⌉∇⊣↕ ⊔⟩⇕⌉∫⇔ ⊔⟨⌉ ∫⊓⌊⌋⟩∇⌋⊓⟩⊔ ⌋⊣\ ⌊⌉ ⌈⌉∫⌋∇⟩⌊⌉⌈ ≀\⌋⌉ ⊣\⌈ ⌋⊣↕↕⌉⌈ ⊣∫ ⇕⊣\† ⊔⟩⇕⌉∫ ⊣∫ \⌉⌋⌉∫∫⊣∇†¬ ↙⇕≀⌈⌉↕ △⌊⟩⊔⊣⌈⌈⌉∇ ↙⟩\√⊓⊔∫ A∋ A∈ A∞ A′ B∋ B∈ B∞ B′ CIN ↙≀⊓⊔√⊓⊔∫ COUT S∋ S∈ S∞ S′ ↙∫⊓⌊⌋‖⊔ {⊓↕↕⊣⌈⌈⌉∇ ⊣ℑA′ ⌊ℑB′ ⌋⟩\ℑCIN ∫ℑS′ ⌋≀⊓⊔ℑCARRY∞ ↙∫⊓⌊⌋‖⊔ {⊓↕↕⊣⌈⌈⌉∇ ⊣ℑA∋ ⌊ℑB∋ ⌋⟩\ℑCARRY∋ ∫ℑS∋ ⌋≀⊓⊔ℑCOUT ↙∫⊓⌊⌋‖⊔ {⊓↕↕⊣⌈⌈⌉∇ ⌊ℑB∞ ⊣ℑA∞ ⌋⟩\ℑCARRY∞ ∫ℑXX ⌋≀⊓⊔ℑCARRY∈ ↙∫⊓⌊⌋‖⊔ {⊓↕↕⊣⌈⌈⌉∇ ⊣ℑJJ ⌊ℑB∈ ⌋⟩\ℑCARRY∈ ∫ℑS∈ ⌋≀⊓⊔ℑCARRY∋ ↓ {≀∇ ⊔⟨⌉ ∫⊣‖⌉ ≀{ ⌉§⊣⇕√↕⌉⇔ ↙\⊣⇕⌉∫ XX S∞ ↓ {≀∇⇕⊣↕ ≀⊓⊔√⊓⊔ ⊢∫≃ ⌈≀⌉∫ \≀⊔ {⊣\≀⊓⊔ ⊔≀ ⊣ √∇⟩⇕⊣∇† ≀⊓⊔√⊓⊔ ∞ ∞ ↙\⊣⇕⌉∫ A∈ JJ ↓ {≀∇⇕⊣↕ ⟩\√⊓⊔ ⊢⊣≃ ⌈≀⌉∫ \≀⊔ {⊣\⟩\ {∇≀⇕ ⊣ √∇⟩⇕⊣∇† ⟩\√⊓⊔ ∞ ∞ ↙⌉\⌈ ↙⇕≀⌈⌉↕ {⊓↕↕⊣⌈⌈⌉∇ ↙⟩\√⊓⊔∫ ⊣ ⌊ ⌋⟩\ ↙≀⊓⊔√⊓⊔∫ ∫ ⌋≀⊓⊔ ↙\⊣⇕⌉∫ ⊣ ⌊ ‖ ∞′ ∞ ′∞ ∞ ↙\⊣⇕⌉∫ ‖ ⌋⟩\ ∫ ∞′ ∞ ′∞ ∞ ↙\⊣⇕⌉∫ ⊣ ⌊ ⌋⟩\ ⌋≀⊓⊔ ∞∞↖ ∞ ∞↖∞ ∞ ↖∞∞ ∞ ↙⌉\⌈

S⊓⌊⊘↕⌉ R⌉{⌉∇⌉\⌋⌉∫ A ∫⊓⌊⊘↕⌉↖∇⌉{⌉∇⌉\⌋⌉ ⟩∫¬ ↙∫⌉⊣∇⌋⟨ ℜ{⟩↕⌉↖\⊣⇕⌉⊤ ⊘↕⌉↖\⊣⇕⌉ }⟩⊑⌉∫ ⊔⟨⌉ \⊣⇕⌉ ≀{ ⊔⟨⌉ ⊘↕⌉ ⊔≀ ∫⌉⊣∇⌋⟨↙ A ∫⊓⌊⊘↕⌉↖∇⌉{⌉∇⌉\⌋⌉ ⌈⟩∇⌉⌋⊔∫ ⊔⟨⌉ BLIF ∇⌉⊣⌈⌉∇ ⊔≀ ∇⌉⊣⌈ ⟩\ ⊣\⌈ ⌈⌉⊘\⌉ ⊣↕↕ ⊔⟨⌉ ⇕≀⌈⌉↕∫ ⟩\ ⊘↕⌉ ⊘↕⌉↖\⊣⇕⌉↙ A ∫⊓⌊⊘↕⌉↖∇⌉{⌉∇⌉\⌋⌉ ⌈≀⌉∫ \≀⊔ ⟨⊣⊑⌉ ⊔≀ ⌊⌉ ⟩\∫⟩⌈⌉ ≀{ ⊣ ↙⇕≀⌈⌉↕↙ ∫⊓⌊⊘↕⌉↖∇⌉{⌉∇⌉\⌋⌉∫ ⌋⊣\ ⌊⌉ \⌉∫⊔⌉⌈↙ S⌉⊣∇⌋⟨ ⊘↕⌉∫ ⊒≀⊓↕⌈ ⊓∫⊓⊣↕↕† ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⟨≀↕⌈ ⊣↕↕ ⊔⟨⌉ ∫⊓⌊⌋⟩∇⌋⊓⟩⊔∫ ∇⌉{⌉∇∇⌉⌈ ⊔≀ ⟩\ ⇕≀⌈⌉↕↖∇⌉{⌉∇⌉\⌋⌉∫⇔ ⊒⟨⟩↕⌉ ⊔⟨⌉ ⇕⊣∫⊔⌉∇ ⊘↕⌉ ⇕⌉∇⌉↕† ∫⌉⊣∇⌋⟨⌉∫ ⊣↕↕ ⊔⟨⌉ ∫⊓⌊⊘↕⌉∫ ⊣\⌈ ⟩\∫⊔⊣\⊔⟩⊣⊔⌉∫ ⊣↕↕ ⊔⟨⌉ ∫⊓⌊⌋⟩∇⌋⊓⟩⊔∫ ⟩⊔ \⌉⌉⌈∫↙ A ∫⊓⌊⊘↕⌉↖∇⌉{⌉∇⌉\⌋⌉ ⟩∫ \≀⊔ ⌉∐⊓⟩⊑⊣↕⌉\⊔ ⊔≀ ⟩\⌋↕⊓⌈⟩\} ⊔⟨⌉ ⌊≀⌈† ≀{ ∫⊓⌊⊘↕⌉ ⊘↕⌉↖\⊣⇕⌉ ⟩\ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⊘↕⌉↙ I⊔ ⌈≀⌉∫ \≀⊔ √⊣⊔⌋⟨ {∇⊣}⇕⌉\⊔∫ ≀{ BLIF ⟩\⊔≀ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⊘↕⌉∅ ⟩⊔ √⊣⊓∫⌉∫ ∇⌉⊣⌈⟩\} ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⊘↕⌉⇔ ∇⌉⊣⌈∫ ⊘↕⌉↖\⊣⇕⌉ ⊣∫ ⊣\ ⟩\⌈⌉√⌉\⌈⌉\⊔⇔ ∫⌉↕{↖⌋≀\⊔⊣⟩\⌉⌈ ⊘↕⌉⇔ ⊔⟨⌉\ ∇⌉⊔⊓∇\∫ ⊔≀ ∇⌉⊣⌈⟩\} ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⊘↕⌉↙ T⟨⌉ ⊘∇∫⊔ ↙⇕≀⌈⌉↕ ⟩\ ⊔⟨⌉ ⇕⊣∫⊔⌉∇ ⊘↕⌉ ⟩∫ ⊣↕⊒⊣†∫ ⊔⟨⌉ ≀\⌉ ∇⌉⊔⊓∇\⌉⌈ ⊔≀ ⊔⟨⌉ ⊓∫⌉∇⇔ ∇⌉}⊣∇⌈↕⌉∫∫ ≀{ ⊣\† ∫⊓⌊⊘↕⌉↖∇⌉{⌉∇⌉\⌋⌉∫ ⊔⟨⊣\ ⇕⊣† √∇⌉⌋⌉⌈⌉ ⟩⊔↙

∋∀

∀ F⟩\⟩⊔⌉ S⊔⊣⊔⌉ M⊣⌋⟨⟩\⌉ D⌉∫⌋∇⟩√⊔⟩≀\∫ A ∫⌉∐⊓⌉\⊔⟩⊣↕ ⌋⟩∇⌋⊓⟩⊔ ⌋⊣\ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈ ⟩\ BLIF ↕≀}⟩⌋ {≀∇⇕⇔ ⊣∫ ⊣ ⊘\⟩⊔⌉ ∫⊔⊣⊔⌉ ⇕⊣⌋⟨⟩\⌉⇔ ≀∇ ⌊≀⊔⟨↙ A\ {∫⇕↖⌈⌉∫⌋∇⟩√⊔⟩≀\ ⟩∫ ⊓∫⌉⌈ ⊔≀ ⟩\∫⌉∇⊔ ⊣ ⊘\⟩⊔⌉ ∫⊔⊣⊔⌉ ⇕⊣⌋⟨⟩\⌉ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ≀{ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⇕≀⌈⌉↕↙ I⊔ ⟩∫ ⟩\⊔⌉\⌈⌉⌈ ⊔≀ ∇⌉√∇⌉∫⌉\⊔ ⊔⟨⌉ ∫⊣⇕⌉ ∫⌉∐⊓⌉\⊔⟩⊣↕ ⌋⟩∇⌋⊓⟩⊔ ⊣∫ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⇕≀⌈⌉↕ ⇐⊒⟨⟩⌋⟨ ⌋≀\⊔⊣⟩\∫ ↕≀}⟩⌋⇒⇔ ⌊⊓⊔ ⟩\ FSM {≀∇⇕↙ T⟨⌉ {≀∇⇕⊣⊔ ≀{ ⊣\ {∫⇕↖⌈⌉∫⌋∇⟩√⊔⟩≀\ ⟩∫¬ ↙∫⊔⊣∇⊔∨‖⟩∫∫ ↙⟩ ℜ\⊓⇕↖⟩\√⊓⊔∫⊤ ↙≀ ℜ\⊓⇕↖≀⊓⊔√⊓⊔∫⊤ ∪↙√ ℜ\⊓⇕↖⊔⌉∇⇕∫⊤⊎ ∪↙∫ ℜ\⊓⇕↖∫⊔⊣⊔⌉∫⊤⊎ ∪↙∇ ℜ∇⌉∫⌉⊔↖∫⊔⊣⊔⌉⊤⊎ ℜ⟩\√⊓⊔⊤ ℜ⌋⊓∇∇⌉\⊔↖∫⊔⊣⊔⌉⊤ ℜ\⌉§⊔↖∫⊔⊣⊔⌉⊤ ℜ≀⊓⊔√⊓⊔⊤ ↙ ↙ ↙ ℜ⟩\√⊓⊔⊤ ℜ⌋⊓∇∇⌉\⊔↖∫⊔⊣⊔⌉⊤ ℜ\⌉§⊔↖∫⊔⊣⊔⌉⊤ ℜ≀⊓⊔√⊓⊔⊤ ↙⌉\⌈∨‖⟩∫∫ ∪↙↕⊣⊔⌋⟨∨≀∇⌈⌉∇ ℜ↕⊣⊔⌋⟨↖≀∇⌈⌉∇↖↕⟩∫⊔⊤⊎ ∪ℜ⌋≀⌈⌉↖⇕⊣√√⟩\}⊤⊎ \⊓⇕↖⟩\√⊓⊔∫ ⟩∫ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⟩\√⊓⊔∫ ⊔≀ ⊔⟨⌉ FSM⇔ ⊒⟨⟩⌋⟨ ∫⟨≀⊓↕⌈ ⊣}∇⌉⌉ ⊒⟩⊔⟨ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⟩\√⊓⊔∫ ⟩\ ⊔⟨⌉ ↙⟩\√⊓⊔∫ ⌋≀\∫⊔∇⊓⌋⊔ {≀∇ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⇕≀⌈⌉↕↙ \⊓⇕↖≀⊓⊔√⊓⊔∫ ⟩∫ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ≀⊓⊔√⊓⊔∫ ≀{ ⊔⟨⌉ FSM⇔ ⊒⟨⟩⌋⟨ ∫⟨≀⊓↕⌈ ⊣}∇⌉⌉ ⊒⟩⊔⟨ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ≀⊓⊔√⊓⊔∫ ⟩\ ⊔⟨⌉ ↙≀⊓⊔√⊓⊔∫ ⌋≀\∫⊔∇⊓⌋⊔ {≀∇ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⇕≀⌈⌉↕↙ \⊓⇕↖⊔⌉∇⇕∫ ⟩∫ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⊖ℜ⟩\√⊓⊔⊤ ℜ⌋⊓∇∇⌉\⊔↖∫⊔⊣⊔⌉⊤ ℜ\⌉§⊔↖∫⊔⊣⊔⌉⊤ ℜ≀⊓⊔√⊓⊔⊤⪰ △↖⊔⊓√↕⌉∫ ⊔⟨⊣⊔ {≀↕↕≀⊒ ⟩\ ⊔⟨⌉ FSM ⌈⌉∫⌋∇⟩√⊔⟩≀\↙ \⊓⇕↖∫⊔⊣⊔⌉∫ ⟩∫ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌈⟩∫⊔⟩\⌋⊔ ∫⊔⊣⊔⌉∫ ⊔⟨⊣⊔ ⊣√√⌉⊣∇ ⟩\ ⊖ℜ⌋⊓∇∇⌉\⊔↖∫⊔⊣⊔⌉⊤⪰ ⊣\⌈ ⊖ℜ\⌉§⊔↖∫⊔⊣⊔⌉⊤⪰ ⌋≀↕⊓⇕\∫↙ ∇⌉∫⌉⊔↖∫⊔⊣⊔⌉ ⟩∫ ⊔⟨⌉ ∫†⇕⌊≀↕⟩⌋ \⊣⇕⌉ {≀∇ ⊔⟨⌉ ∇⌉∫⌉⊔ ∫⊔⊣⊔⌉ {≀∇ ⊔⟨⌉ FSM∅ ⟩⊔ ∫⟨≀⊓↕⌈ ⊣√√⌉⊣∇ ∫≀⇕⌉⊒⟨⌉∇⌉ ⟩\ ⊔⟨⌉ ⊖ℜ⌋⊓∇∇⌉\⊔↖∫⊔⊣⊔⌉⊤⪰ ⌋≀↕⊓⇕\↙ ⟩\√⊓⊔ ⟩∫ ⊣ ∫⌉∐⊓⌉\⌋⌉ ≀{ \⊓⇕↖⟩\√⊓⊔∫ ⇕⌉⇕⌊⌉∇∫ ≀{ {′⇔ ∞⇔ ∘}↙ ≀⊓⊔√⊓⊔ ⟩∫ ⊣ ∫⌉∐⊓⌉\⌋⌉ ≀{ \⊓⇕↖≀⊓⊔√⊓⊔∫ ⇕⌉⇕⌊⌉∇∫ ≀{ {′⇔ ∞⇔ ∘}↙ ⌋⊓∇∇⌉\⊔↖∫⊔⊣⊔⌉ ⊣\⌈ \⌉§⊔↖∫⊔⊣⊔⌉ ⊣∇⌉ ∫†⇕⌊≀↕⟩⌋ \⊣⇕⌉∫ {≀∇ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ∫⊔⊣⊔⌉ ⊣\⌈ \⌉§⊔ ∫⊔⊣⊔⌉ ⊔∇⊣\∫⟩⊔⟩≀\∫ ≀{ ⊔⟨⌉ FSM↙ ↕⊣⊔⌋⟨↖≀∇⌈⌉∇↖↕⟩∫⊔ ⟩∫ ⊣ ⊒⟨⟩⊔⌉↖∫√⊣⌋⌉↖∫⌉√⊣∇⊣⊔⌉⌈ ∫⌉∐⊓⌉\⌋⌉ ≀{ ↕⊣⊔⌋⟨ ≀⊓⊔√⊓⊔∫↙ ⌋≀⌈⌉↖⇕⊣√√⟩\} ⟩∫ \⌉⊒↕⟩\⌉ ∫⌉√⊣∇⊣⊔⌉⌈ ∫⌉∐⊓⌉\⌋⌉ ≀{¬ ↙⌋≀⌈⌉ ℜ∫†⇕⌊≀↕⟩⌋↖\⊣⇕⌉⊤ ℜ⌉\⌋≀⌈⌉⌈↖\⊣⇕⌉⊤ \⊓⇕↖⊔⌉∇⇕∫ ⊣\⌈ \⊓⇕↖∫⊔⊣⊔⌉∫ ⌈≀ \≀⊔ ⟨⊣⊑⌉ ⊔≀ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈↙ I{ ⊔⟨⌉ ∇⌉∫⌉⊔↖∫⊔⊣⊔⌉ ⟩∫ \≀⊔ }⟩⊑⌉\⇔ ⟩⊔ ⟩∫ ⊣∫∫⟩}\⌉⌈ ⊔≀ ⌊⌉ ⊔⟨⌉ ⊘∇∫⊔ ∫⊔⊣⊔⌉ ⌉\⌋≀⊓\⊔⌉∇⌉⌈ ⟩\ ⊔⟨⌉ ⊖ℜ⌋⊓∇∇⌉\⊔↖∫⊔⊣⊔⌉⊤⪰ ⌋≀↕⊓⇕\↙ T⟨⌉ ≀∇⌈⌉∇⟩\} ≀{ ⊔⟨⌉ ⌊⟩⊔∫ ⟩\ ⊔⟨⌉ ⟩\√⊓⊔ ⊣\⌈ ≀⊓⊔√⊓⊔ ⊘⌉↕⌈∫ ⊒⟩↕↕ ⌊⌉ ⊔⟨⌉ ∫⊣⇕⌉ ⊣∫ ⊔⟨⌉ ≀∇⌈⌉∇⟩\} ≀{ ⊔⟨⌉ ⊑⊣∇⟩⊣⌊↕⌉∫ ⟩\ ⊔⟨⌉ ↙⟩\√⊓⊔∫ ⊣\⌈ ↙≀⊓⊔√⊓⊔∫ ⌋≀\∫⊔∇⊓⌋⊔∫ ⟩{ ⌊≀⊔⟨ ⊣\ {∫⇕↖⌈⌉∫⌋∇⟩√⊔⟩≀\ ⊣\⌈ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\∫ ⊣∇⌉ }⟩⊑⌉\↙ ↕⊣⊔⌋⟨↖≀∇⌈⌉∇↖↕⟩∫⊔ ⊣\⌈ ⌋≀⌈⌉↖⇕⊣√√⟩\} ⊣∇⌉ ⇕⌉⊣\⊔ ⊔≀ ⌊⌉ ⊓∫⌉⌈ ⊒⟨⌉\ ⌊≀⊔⟨ ⊣\ {∫⇕↖⌈⌉∫⌋∇⟩√⊔⟩≀\ ⊣\⌈ ⊣ ↕≀}⟩⌋⊣↕ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ≀{ ⊔⟨⌉ ⇕≀⌈⌉↕ ⊣∇⌉ }⟩⊑⌉\↙ T⟨⌉ ⊔⊒≀ ⌋≀\∫⊔∇⊓⌋⊔∫ ⊔≀}⌉⊔⟨⌉∇ √∇≀⊑⟩⌈⌉ ⊣ ⌋≀∇∇⌉∫√≀\⌈⌉\⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ↕⊣⊔⌋⟨⌉∫ ⟩\ ⊔⟨⌉ ↕≀}⟩⌋⊣↕ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ⊣\⌈ ⊔⟨⌉ ∫⊔⊣⊔⌉ ⊑⊣∇⟩⊣⌊↕⌉∫ ⟩\ ⊔⟨⌉ {∫⇕↖⌈⌉∫⌋∇⟩√⊔⟩≀\↙ I\ ⊣ ⌋≀⌈⌉↖⇕⊣√√⟩\}⇔ ∫†⇕⌊≀↕⟩⌋↖\⊣⇕⌉ ⌋≀\∫⟩∫⊔∫ ≀{ ⊣ ∫†⇕⌊≀↕⟩⌋ \⊣⇕⌉ {∇≀⇕ ⊔⟨⌉ ⊖ℜ⌋⊓∇∇⌉\⊔↖∫⊔⊣⊔⌉⊤⪰ ≀∇ ⊖ℜ\⌉§⊔↖∫⊔⊣⊔⌉⊤⪰ ⌋≀↕⊓⇕\∫⇔ ⊣\⌈ ⌉\⌋≀⌈⌉⌈↖\⊣⇕⌉ ⟩∫ ⊔⟨⌉ √⊣⊔⊔⌉∇\ ≀{ ⌊⟩⊔∫ ⇐{′⇔ ∞}⇒ ⊔⟨⊣⊔ ∇⌉√∇⌉∫⌉\⊔ ⊔⟨⌉ ∫⊔⊣⊔⌉ ⌉\⌋≀⌈⟩\} {≀∇ ∫†⇕⌊≀↕⟩⌋↖\⊣⇕⌉↙ T⟨⌉ ⌋≀⌈⌉↖⇕⊣√√⟩\} ∫⟨≀⊓↕⌈ ≀\↕† ⌊⌉ }⟩⊑⌉\ ⟩{ ⌊≀⊔⟨ ⊣\ {∫⇕↖⌈⌉∫⌋∇⟩√⊔⟩≀\ ⊣\⌈ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\∫ ⊣∇⌉ }⟩⊑⌉\↙ ↙↕⊣⊔⌋⟨↖≀∇⌈⌉∇ ⌉∫⊔⊣⌊↕⟩∫⟨⌉∫ ⊣ ⇕⊣√√⟩\} ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌊⟩⊔∫ ≀{ ⊔⟨⌉ ⌉\⌋≀⌈⌉⌈↖\⊣⇕⌉∫ ≀{ ⊔⟨⌉ ⌋≀⌈⌉↖⇕⊣√√⟩\} ⌋≀\∫⊔∇⊓⌋⊔ ⊣\⌈ ⊔⟨⌉ ↕⊣⊔⌋⟨⌉∫ ≀{ ⊔⟨⌉ \⌉⊔⊒≀∇‖↙ T⟨⌉ ≀∇⌈⌉∇ ≀{ ⊔⟨⌉ ⌊⟩⊔∫ ⟩\ ⊔⟨⌉ ⌉\⌋≀⌈⌉⌈ \⊣⇕⌉∫ ⊒⟩↕↕ ⌊⌉ ⊔⟨⌉ ∫⊣⇕⌉ ⊣∫ ⊔⟨⌉ ≀∇⌈⌉∇ ≀{ ⊔⟨⌉ ↕⊣⊔⌋⟨ ≀⊓⊔√⊓⊔∫ ⟩\ ⊔⟨⌉ ↕⊣⊔⌋⟨↖≀∇⌈⌉∇↖↕⟩∫⊔↙ T⟨⌉∇⌉ ∫⟨≀⊓↕⌈ ⌊⌉ ⊔⟨⌉ ∫⊣⇕⌉ \⊓⇕⌊⌉∇ ≀{ ⌊⟩⊔∫ ⟩\ ⊔⟨⌉ ⌉\⌋≀⌈⌉⌈↖\⊣⇕⌉ ⊣∫ ⊔⟨⌉∇⌉ ⊣∇⌉ ↕⊣⊔⌋⟨⌉∫ ⟩{ ⌊≀⊔⟨ ⊣\ {∫⇕↖⌈⌉∫⌋∇⟩√⊔⟩≀\ ⊣\⌈ ⊣ ↕≀}⟩⌋⊣↕ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ⊣∇⌉ ∫√⌉⌋⟩⊘⌉⌈↙ ∋∃

I{ ⌊≀⊔⟨ ↕≀}⟩⌋↖}⊣⊔⌉∫ ⊣\⌈ ⊣\ {∫⇕↖⌈⌉∫⌋∇⟩√⊔⟩≀\ ≀{ ⊔⟨⌉ ⇕≀⌈⌉↕ ⊣∇⌉ }⟩⊑⌉\⇔ ⊔⟨⌉ ↕≀}⟩⌋↖}⊣⊔⌉ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ≀{ ⊔⟨⌉ ⇕≀⌈⌉↕ ∫⟨≀⊓↕⌈ ⌊⌉ ⌋≀\∫⟩∫⊔⌉\⊔ ⊒⟩⊔⟨ ⊔⟨⌉ {∫⇕↖⌈⌉∫⌋∇⟩√⊔⟩≀\⇔ ⊔⟨⊣⊔ ⟩∫⇔ ⊔⟨⌉† ∫⟨≀⊓↕⌈ ⌈⌉∫⌋∇⟩⌊⌉ ⊔⟨⌉ ∫⊣⇕⌉ ⌋⟩∇⌋⊓⟩⊔↙ I{ ⊔⟨⌉† ⊣∇⌉ \≀⊔ ⌋≀\∫⟩∫⊔⌉\⊔ ⊔⟨⌉∇⌉ ⊒⟩↕↕ ⌊⌉ \≀ ∫⌉\∫⟩⌊↕⌉ ⊒⊣† ⊔≀ ⟩\⊔⌉∇√∇⌉⊔ ⊔⟨⌉ ⇕≀⌈⌉↕⇔ ⊒⟨⟩⌋⟨ ∫⟨≀⊓↕⌈ ⊔⟨⌉\ ⌋⊣⊓∫⌉ ⊣\ ⌉∇∇≀∇ ⊔≀ ⌊⌉ ∇⌉⊔⊓∇\⌉⌈↙ I{ ≀\↕† ⊔⟨⌉ {∫⇕↖⌈⌉∫⌋∇⟩√⊔⟩≀\ ≀{ ⊔⟨⌉ \⌉⊔⊒≀∇‖ ⟩∫ }⟩⊑⌉\⇔ ⟩⊔ ⇕⊣† ⌊⌉ ∇⊓\ ⊔⟨∇≀⊓}⟨ ⊣ ∫⊔⊣⊔⌉ ⊣∫∫⟩}\⇕⌉\⊔ ∇≀⊓⊔⟩\⌉ ⊣\⌈ }⟩⊑⌉\ ⊣ ↕≀}⟩⌋ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\↙ A ∫≀↕⌉ {∫⇕↖⌈⌉∫⌋∇⟩√⊔⟩≀\⇔ ⟨⊣⊑⟩\} \≀ ↕≀}⟩⌋ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\⇔ ⌋⊣\\≀⊔ ⌊⌉ ⟩\∫⌉∇⊔⌉⌈ ⟩\⊔≀ ⊣\≀⊔⟨⌉∇ ⇕≀⌈⌉↕ ⌊† ⊣ ⇕≀⌈⌉↕↖∇⌉{⌉∇⌉\⌋⌉∅ ⊔⟨⌉ ∫⊔⊣⊔⌉ ⊣∫∫⟩}\⌉⌈ \⌉⊔⊒≀∇‖⇔ ≀∇ ⊣ \⌉⊔⊒≀∇‖ ⌋≀\⊔⊣⟩\⟩\} ⌊≀⊔⟨ ↕≀}⟩⌋↖}⊣⊔⌉∫ ⊣\⌈ ⊣\ {∫⇕↖⌈⌉∫⌋∇⟩√⊔⟩≀\ ⌋⊣\↙ E§⊣⇕√↕⌉ ≀{ ⊣\ {∫⇕↖⌈⌉∫⌋∇⟩√⊔⟩≀\¬ ↙⇕≀⌈⌉↕ ∞′∞ ↓ ≀⊓⊔√⊓⊔∫ ∞ ⊒⟨⌉\⌉⊑⌉∇ ↕⊣∫⊔ ∋ ⟩\√⊓⊔∫ ⊒⌉∇⌉ ∞⇔ ′⇔ ∞ ↙∫⊔⊣∇⊔∨‖⟩∫∫ ↙⟩ ∞ ↙≀ ∞ ′ ∫⊔′ ∫⊔′ ′ ∞ ∫⊔′ ∫⊔∞ ′ ′ ∫⊔∞ ∫⊔∈ ′ ∞ ∫⊔∞ ∫⊔∞ ′ ′ ∫⊔∈ ∫⊔′ ′ ∞ ∫⊔∈ ∫⊔∋ ∞ ′ ∫⊔∋ ∫⊔∈ ′ ∞ ∫⊔∋ ∫⊔∞ ′ ↙⌉\⌈∨‖⟩∫∫ ↙⌉\⌈ A⌊≀⊑⌉ ⌉§⊣⇕√↕⌉ ⊒⟩⊔⟨ ⊣ ⌋≀\∫⟩∫⊔⌉\⊔ {∫⇕↖⌈⌉∫⌋∇⟩√⊔⟩≀\ ⊣\⌈ ↕≀}⟩⌋⊣↕ ⌈⌉∫⌋∇⟩√⊔⟩≀\¬ ↙⇕≀⌈⌉↕ ↙⟩\√⊓⊔∫ ⊑′ ↙≀⊓⊔√⊓⊔∫ ⊑∋↙∈ ↙↕⊣⊔⌋⟨ ∪⊎̸ ⊑∞ ′ ↙↕⊣⊔⌋⟨ ∪⊎ ⊑∈ ′ ↙∫⊔⊣∇⊔∨‖⟩∫∫ ↙⟩ ∞ ↙≀ ∞ ↙√ ∀ ↙∫ △ ↙∇ ∫⊔′ ′ ∫⊔′ ∫⊔′ ′ ∞ ∫⊔′ ∫⊔∞ ′ ′ ∫⊔∞ ∫⊔∈ ′ ∞ ∫⊔∞ ∫⊔∞ ′ ′ ∫⊔∈ ∫⊔′ ′ ∞ ∫⊔∈ ∫⊔∋ ∞ ′ ∫⊔∋ ∫⊔∈ ′ ∞ ∫⊔∋ ∫⊔∞ ′ ↙⌉\⌈∨‖⟩∫∫ ↙↕⊣⊔⌋⟨∨≀∇⌈⌉∇ ⊑∞ ⊑∈ ↙⌋≀⌈⌉ ∫⊔′ ′′ ↙⌋≀⌈⌉ ∫⊔∞ ∞∞ ↙⌋≀⌈⌉ ∫⊔∈ ′∞ ↙⌋≀⌈⌉ ∫⊔∋ ∞′ ↙\⊣⇕⌉∫ ⊑′ ∪⊎̸ ∞ ∞ ↙\⊣⇕⌉∫ ⊑′ ⊑∞ ⊑∈ ∪⊎ ↖∞↖ ∞ ∞↖′ ∞ ↙\⊣⇕⌉∫ ⊑′ ⊑∞ ⊑∈ ⊑∋↙∈ ∞′∞ ∞ ↙⌉\⌈

∃ C↕≀⌋‖ C≀\∫⊔∇⊣⟩\⊔∫ A ⌋↕≀⌋‖↖⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ⊓∫⌉⌈ ⊔≀ ∫⌉⊔ ⊓√ ⊔⟨⌉ ⌊⌉⟨⊣⊑⟩≀∇ ≀{ ⊔⟨⌉ ∫⟩⇕⊓↕⊣⊔⌉⌈ ⌋↕≀⌋‖∫⇔ ⊣\⌈ ⊔≀ ∫√⌉⌋⟩{† ⟨≀⊒ ⌋↕≀⌋‖ ⌉⊑⌉\⊔∫ ⇐∇⟩∫⟩\} ≀∇ {⊣↕↕⟩\} ⌉⌈}⌉∫⇒ ≀⌋⌋⊓∇ ∇⌉↕⊣⊔⟩⊑⌉ ⊔≀ ≀\⌉ ⊣\≀⊔⟨⌉∇↙ A ⌋↕≀⌋‖↖⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ≀\⌉ ≀∇ ⇕≀∇⌉ ≀{ ⊔⟨⌉ {≀↕↕≀⊒⟩\}¬ ↙⌋†⌋↕⌉ ℜ⌋†⌋↕⌉↖⊔⟩⇕⌉⊤ ↙⌋↕≀⌋‖∨⌉⊑⌉\⊔ ℜ⌉⊑⌉\⊔↖√⌉∇⌋⌉\⊔⊤ ℜ⌉⊑⌉\⊔↖∞⊤ ∪ℜ⌉⊑⌉\⊔↖∈⊤ ↙↙↙ ℜ⌉⊑⌉\⊔↖\⊤⊎ △′

⌋†⌋↕⌉↖⊔⟩⇕⌉ ⟩∫ ⊣ ⊙≀⊣⊔⟩\} √≀⟩\⊔ \⊓⇕⌊⌉∇ }⟩⊑⟩\} ⊔⟨⌉ ⌋↕≀⌋‖ ⌋†⌋↕⌉ ⊔⟩⇕⌉ {≀∇ ⊔⟨⌉ ⇕≀⌈⌉↕↙ I⊔ ⟩∫ ⊣ ⊓\⟩⊔↕⌉∫∫ \⊓⇕⌊⌉∇ ⊔⟨⊣⊔ ⟩∫ ⊔≀ ⌊⌉ ⟩\⊔⌉∇√∇⌉⊔⌉⌈ ⌊† ⊔⟨⌉ ⊓∫⌉∇↙ ⌉⊑⌉\⊔↖√⌉∇⌋⌉\⊔ ⟩∫ ⊣ ⊙≀⊣⊔⟩\} √≀⟩\⊔ \⊓⇕⌊⌉∇ ∇⌉√∇⌉∫⌉\⊔⟩\} ⊣ √⌉∇⌋⌉\⊔⊣}⌉ ≀{ ⊔⟨⌉ ⌋↕≀⌋‖ ⌋†⌋↕⌉ ⊔⟩⇕⌉ ⊣⊔ ⊒⟨⟩⌋⟨ ⊣ ∫√⌉⌋⟩⊘⌋ ↙⌋↕≀⌋‖ ⌉⊑⌉\⊔ ≀⌋⌋⊓∇∫↙ F⟩{⊔† √⌉∇⌋⌉\⊔ ⟩∫ ⊒∇⟩⊔⊔⌉\ ⊣∫ ⊖▽′↙′↙⪰ ⌉⊑⌉\⊔↖∞ ⊔⟨∇≀⊓}⟨ ⌉⊑⌉\⊔↖\ ⊣∇⌉ ≀\⌉ ≀{ ⊔⟨⌉ {≀↕↕≀⊒⟩\}¬ ℜ∇⟩∫⌉↖{⊣↕↕⊤≃ℜ⌋↕≀⌋‖↖\⊣⇕⌉⊤ ⇐ℜ∇⟩∫⌉↖{⊣↕↕⊤≃ℜ⌋↕≀⌋‖↖\⊣⇕⌉⊤ ℜ⌊⌉{≀∇⌉⊤ ℜ⊣{⊔⌉∇⊤⇒ ⊒⟨⌉∇⌉ ∇⟩∫⌉↖{⊣↕↕ ⟩∫ ⌉⟩⊔⟨⌉∇ ⊖∇⪰ ≀∇ ⊖{⪰ ⊣\⌈ ∫⊔⊣\⌈∫ {≀∇ ⊔⟨⌉ ∇⟩∫⟩\} ≀∇ {⊣↕↕⟩\} ⌉⌈}⌉ ≀{ ⊔⟨⌉ ⌋↕≀⌋‖ ⊣\⌈ ⌋↕≀⌋‖↖\⊣⇕⌉ ⟩∫ ⊣ ⌋↕≀⌋‖ {∇≀⇕ ⊔⟨⌉ ↙⌋↕≀⌋‖ ⌋≀\∫⊔∇⊓⌋⊔↙ T⟨⌉ ⊣√≀∫⊔∇≀√⟨⌉ ⌊⌉⊔⊒⌉⌉\ ∇⟩∫⌉↖{⊣↕↕ ⊣\⌈ ⌋↕≀⌋‖↖\⊣⇕⌉ ⟩∫ ⊣ ∫⌉√⊣∇⊣⊔≀∇⇔ ⊣\⌈ ∫⌉∇⊑⌉∫ \≀ √⊓∇√≀∫⌉ ⟩\ ⊣\⌈ ≀{ ⟩⊔∫⌉↕{↙ ⌊⌉{≀∇⌉ ⊣\⌈ ⊣{⊔⌉∇ ⊣∇⌉ ⊙≀⊣⊔⟩\} √≀⟩\⊔ \⊓⇕⌊⌉∇∫ ⟩\ ⊔⟨⌉ ∫⊣⇕⌉ ⊖⊓\⟩⊔∫⪰ ⊣∫ ⊔⟨⌉ ⌋†⌋↕⌉↖⊔⟩⇕⌉ ⊣\⌈ ⊣∇⌉ ⊓∫⌉⌈ ⊔≀ ⌈⌉⊘\⌉ ⊔⟨⌉ ⊖∫‖⌉⊒⪰ ⟩\ ⊔⟨⌉ ⌋↕≀⌋‖ ⌉⌈}⌉∫↙ ⌊⌉{≀∇⌉ ∇⌉√∇⌉∫⌉\⊔∫ ⇕⊣§⟩⇕⊓⇕ ⊣⇕≀⊓\⊔ ≀{ ⊔⟩⇕⌉ ⌊⌉{≀∇⌉ ⊔⟨⌉ \≀⇕⟩\⊣↕ ⊔⟩⇕⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ⌉⌈}⌉ ⌋⊣\ ⊣∇∇⟩⊑⌉∅ ⊣{⊔⌉∇ ∇⌉√∇⌉∫⌉\⊔∫ ⊔⟨⌉ ⇕⊣§⟩⇕⊓⇕ ⊣⇕≀⊓\⊔ ≀{ ⊔⟩⇕⌉ ⊣{⊔⌉∇ ⊔⟨⌉ \≀⇕⟩\⊣↕ ⊔⟩⇕⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ⌉⌈}⌉ ⌋⊣\ ⊣∇∇⟩⊑⌉↙ T⟨⌉ \≀⇕⟩\⊣↕ ⊔⟩⇕⌉ ⟩∫ ⌉⊑⌉\⊔↖√⌉∇⌋⌉\⊔↗ ≀{ ⊔⟨⌉ ⌋†⌋↕⌉↖⊔⟩⇕⌉↙ I\ ⊔⟨⌉ ⊓\√⊣∇⌉\⊔⟨⌉∫⟩‡⌉⌈ {≀∇⇕ {≀∇ ⊔⟨⌉ ⌋↕≀⌋‖↖⌉⊑⌉\⊔⇔ ⌊⌉{≀∇⌉ ⊣\⌈ ⊣{⊔⌉∇ ⊣∇⌉ ⊣∫∫⊓⇕⌉⌈ ⊖′↙′↙⪰ A↕↕ ⌉⊑⌉\⊔∫⇔ ⌉⊑⌉\⊔↖∞ ↙↙↙ ⌉⊑⌉\⊔↖\⇔ ∫√⌉⌋⟩⊘⌉⌈ ⟩\ ⊣ ∫⟩\}↕⌉ ↙⌋↕≀⌋‖ ⌉⊑⌉\⊔ ⊣∇⌉ ⊔≀ ⌊⌉ ↕⟩\‖⌉⌈ ⊔≀}⌉⊔⟨⌉∇↙ A ∇≀⊓⊔⟩\⌉ ⌋⟨⊣\}⟩\} ⊣\† ≀\⌉ ⌉⌈}⌉ ∫⟨≀⊓↕⌈ ⊣↕∫≀ ⇕≀⌈⟩{† ⊔⟨⌉ ≀⌋⌋⊓∇∇⌉\⌋⌉ ⊔⟩⇕⌉ ≀{ ⊣↕↕ ⊔⟨⌉ ∇⌉↕⊣⊔⌉⌈ ⌋↕≀⌋‖ ⌉⌈}⌉∫↙ E§⊣⇕√↕⌉ ∞¬ ↙⌋↕≀⌋‖ ⌋↕≀⌋‖∞ ⌋↕≀⌋‖∈ ↙⌋↕≀⌋‖∨⌉⊑⌉\⊔ ▽′↙′ ∇≃⌋↕≀⌋‖∞ ⇐{≃⌋↕≀⌋‖∈ ∈↙′ ▽↙′⇒ E§⊣⇕√↕⌉ ∈¬ ↙⌋↕≀⌋‖ ⌋↕≀⌋‖∞ ⌋↕≀⌋‖∈ ↙⌋↕≀⌋‖∨⌉⊑⌉\⊔ ▽′↙′ ∇≃⌋↕≀⌋‖∞ ↙⌋↕≀⌋‖∨⌉⊑⌉\⊔ ▽′↙′ ⇐{≃⌋↕≀⌋‖∈ ∈↙′ ▽↙′⇒ B≀⊔⟨ ⌉§⊣⇕√↕⌉∫ ∫√⌉⌋⟩{† ⊣ \≀⇕⟩\⊣↕ ⊔⟩⇕⌉ ≀{ ▽′↗ ≀{ ⊔⟨⌉ ⌋†⌋↕⌉ ⊔⟩⇕⌉⇔ ⊔⟨⊣⊔ ⊔⟨⌉ ∇⟩∫⟩\} ⌉⌈}⌉ ≀{ ⌋↕≀⌋‖∞ ⇕⊓∫⊔ ≀⌋⌋⊓∇ ⊣⊔ ⌉§⊣⌋⊔↕† ⊔⟨⌉ \≀⇕⟩\⊣↕ ⊔⟩⇕⌉⇔ ⊣\⌈ ⊔⟨⊣⊔ ⊔⟨⌉ {⊣↕↕⟩\} ⌉⌈}⌉ ≀{ ⌋↕≀⌋‖∈ ⇕⊣† ≀⌋⌋⊓∇ {∇≀⇕ ∈↙′ ⊓\⟩⊔∫ ⌊⌉{≀∇⌉ ⊔≀ ▽↙′ ⊓\⟩⊔∫ ⊣{⊔⌉∇ ⊔⟨⌉ \≀⇕⟩\⊣↕ ⊔⟩⇕⌉↙ I\ E§⊣⇕√↕⌉ ∞⇔ ⟩{ ∇≃⌋↕≀⌋‖∞ ⟩∫ ↕⊣⊔⌉∇ ⇕≀⊑⌉⌈ ⊔≀ ⊣ ⌈⟩{{⌉∇⌉\⊔ \≀⇕⟩\⊣↕ ⊔⟩⇕⌉ ⌊† ∫≀⇕⌉ ∇≀⊓⊔⟩\⌉ ⊔⟨⌉\ {≃⌋↕≀⌋‖∈ ∫⟨≀⊓↕⌈ ⊣↕∫≀ ⌊⌉ ⌋⟨⊣\}⌉⌈↙ H≀⊒⌉⊑⌉∇⇔ ⟩\ E§⊣⇕√↕⌉ ∈ ⌋⟨⊣\}⟩\} ∇≃⌋↕≀⌋‖∞ ⊒≀⊓↕⌈ \≀⊔ ⊣{{⌉⌋⊔ {≃⌋↕≀⌋‖∈ ⌉⊑⌉\ ⊔⟨≀⊓}⟨ ⊔⟨⌉† ≀∇⟩}⟩\⊣↕↕† ⟨⊣⊑⌉ ⊔⟨⌉ ∫⊣⇕⌉ ⊑⊣↕⊓⌉ ≀{ ⌉⊑⌉\⊔↖√⌉∇⌋⌉\⊔↙

∞′ D⌉↕⊣† C≀\∫⊔∇⊣⟩\⊔∫ A ⌈⌉↕⊣†↖⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ⊓∫⌉⌈ ⊔≀ ∫√⌉⌋⟩{† √⊣∇⊣⇕⌉⊔⌉∇∫ ⊔≀ ⇕≀∇⌉ ⊣⌋⌋⊓∇⊣⊔⌉↕† ⌋≀⇕√⊓⊔⌉ ⊔⟨⌉ ⊣⇕≀⊓\⊔ ≀{ ⊔⟩⇕⌉ ∫⟩}\⊣↕∫ ⊔⊣‖⌉ ⊔≀ √∇≀√⊣}⊣⊔⌉ {∇≀⇕ ≀\⌉ √≀⟩\⊔ ⊔≀ ⊣\≀⊔⟨⌉∇ ⟩\ ⊣ ⇕≀⌈⌉↕↙ A ⌈⌉↕⊣†↖⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ≀\⌉ ≀∇ ⇕≀∇⌉ ≀{ ¬ ↙⊣∇⌉⊣ ℜ⊣∇⌉⊣⊤ ↙⌈⌉↕⊣† ℜ⟩\↖\⊣⇕⌉⊤ ℜ√⟨⊣∫⌉⊤ ℜ↕≀⊣⌈⊤ ℜ⇕⊣§↖↕≀⊣⌈⊤ ℜ⌊∇⟩∫⌉⊤ ℜ⌈∇⟩∫⌉⊤ ℜ⌊{⊣↕↕⊤ ℜ⌈{⊣↕↕⊤ ↙⊒⟩∇⌉∨↕≀⊣⌈∨∫↕≀√⌉ ℜ↕≀⊣⌈⊤ ↙⊒⟩∇⌉ ℜ⊒⟩∇⌉↖↕≀⊣⌈↖↕⟩∫⊔⊤ ↙⟩\√⊓⊔∨⊣∇∇⟩⊑⊣↕ ℜ⟩\↖\⊣⇕⌉⊤ ℜ∇⟩∫⌉⊤ ℜ{⊣↕↕⊤ ∪ℜ⌊⌉{≀∇⌉↖⊣{⊔⌉∇⊤ ℜ⌉⊑⌉\⊔⊤⊎ ↙⌈⌉{⊣⊓↕⊔∨⟩\√⊓⊔∨⊣∇∇⟩⊑⊣↕ ℜ∇⟩∫⌉⊤ ℜ{⊣↕↕⊤ ↙≀⊓⊔√⊓⊔∨∇⌉∐⊓⟩∇⌉⌈ ℜ≀⊓⊔↖\⊣⇕⌉⊤ ℜ∇⟩∫⌉⊤ ℜ{⊣↕↕⊤ ∪ℜ⌊⌉{≀∇⌉↖⊣{⊔⌉∇⊤ ℜ⌉⊑⌉\⊔⊤⊎ ↙⌈⌉{⊣⊓↕⊔∨≀⊓⊔√⊓⊔∨∇⌉∐⊓⟩∇⌉⌈ ℜ∇⟩∫⌉⊤ ℜ{⊣↕↕⊤ ↙⟩\√⊓⊔∨⌈∇⟩⊑⌉ ℜ⟩\↖\⊣⇕⌉⊤ ℜ∇⟩∫⌉⊤ ℜ{⊣↕↕⊤ ↙⌈⌉{⊣⊓↕⊔∨⟩\√⊓⊔∨⌈∇⟩⊑⌉ ℜ∇⟩∫⌉⊤ ℜ{⊣↕↕⊤ ↙≀⊓⊔√⊓⊔∨↕≀⊣⌈ ℜ≀⊓⊔↖\⊣⇕⌉⊤ ℜ↕≀⊣⌈⊤ ↙⌈⌉{⊣⊓↕⊔∨≀⊓⊔√⊓⊔∨↕≀⊣⌈ ℜ↕≀⊣⌈⊤ ∇⟩∫⌉⇔ {⊣↕↕⇔ ⌈∇⟩⊑⌉⇔ ⊣\⌈ ↕≀⊣⌈ ⊣∇⌉ ⊣↕↕ ⊙≀⊣⊔⟩\} √≀⟩\⊔ \⊓⇕⌊⌉∇∫ }⟩⊑⟩\} ⊔⟨⌉ ∇⟩∫⌉ ⊔⟩⇕⌉⇔ {⊣↕↕ ⊔⟩⇕⌉⇔ ⟩\√⊓⊔ ⌈∇⟩⊑⌉⇔ ⊣\⌈ ≀⊓⊔√⊓⊔ ↕≀⊣⌈↙ △∞

⟩\↖\⊣⇕⌉ ⟩∫ ⊣ √∇⟩⇕⊣∇† ⟩\√⊓⊔ ⊣\⌈ ≀⊓⊔↖\⊣⇕⌉ ⟩∫ ⊣ √∇⟩⇕⊣∇† ≀⊓⊔√⊓⊔↙ ⌊⌉{≀∇⌉↖⊣{⊔⌉∇ ⌋⊣\ ⌊⌉ ≀\⌉ ≀{ {⌊⇔ ⊣}⇔ ⌋≀∇∇⌉∫√≀\⌈⟩\} ⊔≀ ⊖⌊⌉{≀∇⌉⪰ ≀∇ ⊖⊣{⊔⌉∇⇔⪰ ⊣\⌈ ⌉⊑⌉\⊔ ⟨⊣∫ ⊔⟨⌉ ∫⊣⇕⌉ {≀∇⇕⊣⊔ ⊣∫ ⊔⟨⌉ ⊓\√⊣∇⌉\⊔⟨⌉∫⟩‡⌉⌈ {≀∇⇕ ≀{ ⌉⊑⌉\⊔↖∞ ⟩\ ⊣ ⌋↕≀⌋‖↖⌋≀\∫⊔∇⊣⟩\⊔↙ ↙⊣∇⌉⊣ ∫⌉⊔∫ ⊔⟨⌉ ⊣∇⌉⊣ ≀{ ⊔⟨⌉ ⇕≀⌈⌉↕ ⊔≀ ⌊⌉ ⊣∇⌉⊣↙ ↙⌈⌉↕⊣† ∫⌉⊔∫ ⊔⟨⌉ ⌈⌉↕⊣† {≀∇ ⟩\√⊓⊔ ⟩\↖\⊣⇕⌉↙ √⟨⊣∫⌉ ⟩∫ ≀\⌉ ≀{ ⊖INV⇔⪰ ⊖NONINV⇔⪰ ≀∇ ⊖UNKNOWN⪰ {≀∇ ⟩\⊑⌉∇⊔⟩\}⇔ \≀\↖⟩\⊑⌉∇⊔⟩\}⇔ ≀∇ \⌉⟩⊔⟨⌉∇↙ ⇕⊣§↖↕≀⊣⌈ ⟩∫ ⊣ ⊙≀⊣⊔⟩\} √≀⟩\⊔ \⊓⇕⌊⌉∇ {≀∇ ⊔⟨⌉ ⇕⊣§⟩⇕⊓⇕ ↕≀⊣⌈↙ ⌊∇⟩∫⌉⇔ ⌈∇⟩∫⌉⇔ ⌊{⊣↕↕⇔ ⊣\⌈ ⌈{⊣↕↕ ⊣∇⌉ ⊙≀⊣⊔⟩\} √≀⟩\⊔ \⊓⇕⌊⌉∇∫ }⟩⊑⟩\} ⊔⟨⌉ ⌊↕≀⌋‖ ∇⟩∫⌉⇔ ⌈∇⟩⊑⌉ ∇⟩∫⌉⇔ ⌊↕≀⌋‖ {⊣↕↕⇔ ⊣\⌈ ⌈∇⟩⊑⌉ {⊣↕↕ {≀∇ ⟩\↖\⊣⇕⌉↙ ↙⊒⟩∇⌉ ↕≀⊣⌈ ∫↕≀√⌉ ∫⌉⊔∫ ⊔⟨⌉ ⊒⟩∇⌉ ↕≀⊣⌈ ∫↕≀√⌉ {≀∇ ⊔⟨⌉ ⇕≀⌈⌉↕↙ ↙⊒⟩∇⌉ ∫⌉⊔∫ ⊔⟨⌉ ⊒⟩∇⌉ ↕≀⊣⌈∫ {≀∇ ⊔⟨⌉ ⇕≀⌈⌉↕ {∇≀⇕ ⊔⟨⌉ ↕⟩∫⊔ ≀{ ⊙≀⊣⊔⟩\} √≀⟩\⊔ \⊓⇕⌊⌉∇∫ ⟩\ ⊔⟨⌉ ⊒⟩∇⌉↖↕≀⊣⌈↖↕⟩∫⊔↙ ↙⟩\√⊓⊔ ⊣∇∇⟩⊑⊣↕ ∫⌉⊔∫ ⊔⟨⌉ ⟩\√⊓⊔ ⊣∇∇⟩⊑⊣↕ ⊔⟩⇕⌉ {≀∇ ⊔⟨⌉ ⟩\√⊓⊔ ⟩\↖\⊣⇕⌉↙ I{ ⊔⟨⌉ ≀√⊔⟩≀\⊣↕ ⊣∇}⊓⇕⌉\⊔∫ ⊣∇⌉ ∫√⌉⌋⟩⊘⌉⌈⇔ ⊔⟨⌉\ ⊔⟨⌉ ⟩\√⊓⊔ ⊣∇∇⟩⊑⊣↕ ⊔⟩⇕⌉ ⟩∫ ∇⌉↕⊣⊔⟩⊑⌉ ⊔≀ ⊔⟨⌉ ⌉⊑⌉\⊔↙ ↙≀⊓⊔√⊓⊔ ∇⌉∐⊓⟩∇⌉⌈ ∫⌉⊔∫ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ∇⌉∐⊓⟩∇⌉⌈ ⊔⟩⇕⌉ {≀∇ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ≀⊓⊔↖\⊣⇕⌉↙ I{ ⊔⟨⌉ ≀√⊔⟩≀\⊣↕ ⊣∇}⊓⇕⌉\⊔∫ ⊣∇⌉ ∫√⌉⌋⟩⊘⌉⌈⇔ ⊔⟨⌉\ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ∇⌉∐⊓⟩∇⌉⌈ ⊔⟩⇕⌉ ⟩∫ ∇⌉↕⊣⊔⟩⊑⌉ ⊔≀ ⊔⟨⌉ ⌉⊑⌉\⊔↙ ↙⟩\√⊓⊔ ⌈∇⟩⊑⌉ ∫⌉⊔∫ ⊔⟨⌉ ⟩\√⊓⊔ ⌈∇⟩⊑⌉ {≀∇ ⊔⟨⌉ ⟩\√⊓⊔ ⟩\↖\⊣⇕⌉↙ ↙≀⊓⊔√⊓⊔ ↕≀⊣⌈ ∫⌉⊔∫ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ↕≀⊣⌈ {≀∇ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ≀⊓⊔↖\⊣⇕⌉↙ ↙⌈⌉{⊣⊓↕⊔ ⟩\√⊓⊔ ⊣∇∇⟩⊑⊣↕⇔ ↙⌈⌉{⊣⊓↕⊔ ≀⊓⊔√⊓⊔ ∇⌉∐⊓⟩∇⌉⌈⇔ ↙⌈⌉{⊣⊓↕⊔ ⟩\√⊓⊔ ⌈∇⟩⊑⌉⇔ ↙⌈⌉{⊣⊓↕⊔ ≀⊓⊔√⊓⊔ ↕≀⊣⌈ ∫⌉⊔ ⊔⟨⌉ ⌋≀∇∇⌉∫√≀\⌈⟩\} ⌈⌉↖ {⊣⊓↕⊔ ⊑⊣↕⊓⌉∫ {≀∇ ⊣↕↕ ⊔⟨⌉ ⟩\√⊓⊔∫∝≀⊓⊔√⊓⊔∫ ⊒⟨≀∫⌉ ⊑⊣↕⊓⌉∫ ⊣∇⌉ \≀⊔ ∫√⌉⌋⟩⊘⌋⊣↕↕† ∫⌉⊔↙ T⟨⌉∇⌉ ⟩∫ \≀ ⊣⌋⊔⊓⊣↕ ⊓\⟩⊔ {≀∇ ⊣↕↕ ⊔⟨⌉ ⊔⟩⇕⟩\} ⊣\⌈ ↕≀⊣⌈ \⊓⇕⌊⌉∇∫↙ S√⌉⌋⟩⊣↕ ⊣⊔⊔⌉\⊔⟩≀\ ∫⟨≀⊓↕⌈ ⌊⌉ }⟩⊑⌉\ ⊒⟨⌉\ ∫√⌉⌋⟩{†⟩\} ⊣\⌈ ⟩\⊔⌉∇√∇⌉⊔⟩\} ⊔⟨⌉ ⊑⊣↕⊓⌉∫↙ T⟨⌉ ⊔⟩⇕⟩\} \⊓⇕⌊⌉∇∫ ⊣∇⌉ ⊣∫∫⊓⇕⌉⌈ ⊔≀ ⌊⌉ ⟩\ ⊔⟨⌉ ∫⊣⇕⌉ ⊖⊓\⟩⊔⪰ ⊣∫ ⊔⟨⌉ ⌋†⌋↕⌉↖⊔⟩⇕⌉ ⟩\ ⊔⟨⌉ ↙⌋†⌋↕⌉ ⌋≀\∫⊔∇⊓⌋⊔↙

△∈

A√√⌉\⌈⟩§ B ¬ G⌉\↕⟩⌊ F≀∇⇕⊣⊔ T⟨⟩∫ ⟩∫ ⊣ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ≀{ ⊔⟨⌉ }⌉\↕⟩⌊ {≀∇⇕⊣⊔ ⊒⟨⟩⌋⟨ ⟩∫ ⊓∫⌉⌈ ⊔≀ ∫√⌉⌋⟩{† ↕⟩⌊∇⊣∇† }⊣⊔⌉∫ ⟩\ SIS↙

∞ C≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ G⊣⊔⌉ S√⌉⌋⟩⊘⌋⊣⊔⟩≀\ A ⌋⌉↕↕ ⟩∫ ∫√⌉⌋⟩⊘⌉⌈ ⟩\ ⊔⟨⌉ {≀↕↕≀⊒⟩\} {≀∇⇕⊣⊔¬ GATE ℜ⌋⌉↕↕↖\⊣⇕⌉⊤ ℜ⌋⌉↕↕↖⊣∇⌉⊣⊤ ℜ⌋⌉↕↕↖↕≀}⟩⌋↖{⊓\⌋⊔⟩≀\⊤ ℜ√⟩\↖⟩\{≀⊤ ↙ ↙ ℜ√⟩\↖⟩\{≀⊤ ℜ⌋⌉↕↕↖\⊣⇕⌉⊤ ⟩∫ ⊔⟨⌉ \⊣⇕⌉ ≀{ ⊔⟨⌉ ⌋⌉↕↕ ⟩\ ⊔⟨⌉ ⌋⌉↕↕ ↕⟩⌊∇⊣∇†↙ T⟨⌉ ∇⌉∫⊓↕⊔⟩\} \⌉⊔↖↕⟩∫⊔ ⊒⟩↕↕ ⌊⌉ ⟩\ ⊔⌉∇⇕∫ ≀{ ⊔⟨⌉∫⌉ \⊣⇕⌉∫↙ ℜ⌋⌉↕↕↖⊣∇⌉⊣⊤ ⌈⌉⊘\⌉∫ ⊔⟨⌉ ∇⌉↕⊣⊔⟩⊑⌉ ⊣∇⌉⊣ ⌋≀∫⊔ ≀{ ⊔⟨⌉ ⌋⌉↕↕↙ I⊔ ⟩∫ ⊣ ⊙≀⊣⊔⟩\} √≀⟩\⊔ \⊓⇕⌊⌉∇⇔ ⊣\⌈ ⇕⊣† ⌊⌉ ⟩\ ⊣\† ⊓\⟩⊔ ∫†∫⊔⌉⇕ ⌋≀\⊑⌉\⟩⌉\⊔ {≀∇ ⊔⟨⌉ ⊓∫⌉∇↙ ℜ⌋⌉↕↕↖↕≀}⟩⌋↖{⊓\⌋⊔⟩≀\⊤ ⟩∫ ⊣\ ⌉∐⊓⊣⊔⟩≀\ ⊒∇⟩⊔⊔⌉\ ⟩\ ⌋≀\⊑⌉\⊔⟩≀\⊣↕ ⊣↕}⌉⌊∇⊣⟩⌋ \≀⊔⊣⊔⟩≀\ ⊓∫⟩\} ⊔⟨⌉ ≀√⌉∇⊣⊔≀∇∫ ≃⇓≃ {≀∇ OR⇔ ≃⇑≃ ≀∇ \≀⊔⟨⟩\} ⇐∫√⊣⌋⌉⇒ {≀∇ AND⇔ ≃→≃ ≀∇ ⪰≃ ⇐√≀∫⊔↖⊘§⌉⌈⇒ {≀∇ NOT⇔ ⊣\⌈ √⊣∇⌉\⊔⟨⌉∫⌉∫ {≀∇ }∇≀⊓√⟩\}↙ T⟨⌉ \⊣⇕⌉∫ ≀{ ⊔⟨⌉ ↕⟩⊔⌉∇⊣↕∫ ⟩\ ⊔⟨⌉ ⌉∐⊓⊣⊔⟩≀\ ⌈⌉⊘\⌉ ⊔⟨⌉ ⟩\√⊓⊔ √⟩\ \⊣⇕⌉∫ {≀∇ ⊔⟨⌉ ⌋⌉↕↕∅ ⊔⟨⌉ \⊣⇕⌉ ≀\ ⊔⟨⌉ ↕⌉{⊔ ⟨⊣\⌈ ∫⟩⌈⌉ ≀{ ⊔⟨⌉ ⌉∐⊓⊣⊔⟩≀\ ⌈⌉⊘\⌉∫ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ≀{ ⊔⟨⌉ ⌋⌉↕↕↙ T⟨⌉ ⌉∐⊓⊣⊔⟩≀\ ⊔⌉∇⇕⟩\⊣⊔⌉∫ ⊒⟩⊔⟨ ⊣ ∫⌉⇕⟩⌋≀↕≀\↙ O\↕† ∫⟩\}↕⌉↖≀⊓⊔√⊓⊔ ⌋⌉↕↕∫ ⇕⊣† ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈↙ T⟨⌉ ≃→≃ ≀√⌉∇⊣⊔≀∇ ⇕⊣† ≀\↕† ⌊⌉ ⊓∫⌉⌈ ≀\ ⊔⟨⌉ ⟩\√⊓⊔ ↕⟩⊔⌉∇⊣↕∫⇔ ≀∇ ≀\ ⊔⟨⌉ ⊘\⊣↕ ≀⊓⊔√⊓⊔∅ ⟩⊔ ⟩∫ \≀⊔ ⊣↕↕≀⊒⌉⌈ ⟩\⊔⌉∇\⊣↕ ⊔≀ ⊣\ ⌉§√∇⌉∫∫⟩≀\↙ ⇐T⟨⟩∫ ⌋≀\∫⊔∇⊣⟩\⊔ ⇕⊣† ⌈⟩∫⊣√√⌉⊣∇ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉⇒↙ A↕∫≀⇔ ⊔⟨⌉ ⊣⌋⊔⊓⊣↕ {⊣⌋⊔≀∇⌉⌈ {≀∇⇕ ⟩∫ ∫⟩}\⟩⊘⌋⊣\⊔ ⊒⟨⌉\ ⊣ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\ ⟨⊣∫ ⇕⊓↕⊔⟩√↕⌉ {⊣⌋⊔≀∇⌉⌈ {≀∇⇕∫↙ I\ √∇⟩\⌋⟩√↕⌉⇔ ⊣↕↕ {⊣⌋⊔≀∇⌉⌈ {≀∇⇕∫ ⌋≀⊓↕⌈ ⌊⌉ ⌈⌉∇⟩⊑⌉⌈ {≀∇ ⊣ }⟩⊑⌉\ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕†∅ ⊔⟨⟩∫ ⟩∫ \≀⊔ †⌉⊔ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈⇔ ∫≀ ⌉⊣⌋⟨ ⇕⊓∫⊔ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈ ∫⌉√⊣∇⊣⊔⌉↕†↙ N≀⊔⌉ ⊔⟨⊣⊔ {⊣⌋⊔≀∇⌉⌈ {≀∇⇕∫ ⊒⟨⟩⌋⟨ ⌈⟩{{⌉∇ ⌊† ⊣ √⌉∇⇕⊓⊔⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⟩\√⊓⊔ ⊑⊣∇⟩⊣⌊↕⌉∫ ⇐≀∇ ⌊† D⌉ M≀∇}⊣\≃∫ ↕⊣⊒⇒ ⊣∇⌉ \≀⊔ ⌋≀\∫⟩⌈⌉∇⌉⌈ ⊓\⟩∐⊓⌉↙ E⊣⌋⟨ ℜ√⟩\↖⟩\{≀⊤ ⟨⊣∫ ⊔⟨⌉ {≀∇⇕⊣⊔¬ PIN ℜ√⟩\↖\⊣⇕⌉⊤ ℜ√⟨⊣∫⌉⊤ ℜ⟩\√⊓⊔↖↕≀⊣⌈⊤ ℜ⇕⊣§↖↕≀⊣⌈⊤ ℜ∇⟩∫⌉↖⌊↕≀⌋‖↖⌈⌉↕⊣†⊤ ℜ∇⟩∫⌉↖{⊣\≀⊓⊔↖⌈⌉↕⊣†⊤ ℜ{⊣↕↕↖⌊↕≀⌋‖↖⌈⌉↕⊣†⊤ ℜ{⊣↕↕↖{⊣\≀⊓⊔↖⌈⌉↕⊣†⊤ ℜ√⟩\↖\⊣⇕⌉⊤ ⇕⊓∫⊔ ⌊⌉ ⊔⟨⌉ \⊣⇕⌉ ≀{ ⊣ √⟩\ ⟩\ ⊔⟨⌉ ℜ⌋⌉↕↕↖↕≀}⟩⌋↖{⊓\⌋⊔⟩≀\⊤⇔ ≀∇ ⟩⊔ ⌋⊣\ ⌊⌉ ⇑ ⊔≀ ∫√⌉⌋⟩{† ⟩⌈⌉\⊔⟩⌋⊣↕ ⊔⟩⇕⟩\} ⟩\{≀∇⇕⊣⊔⟩≀\ {≀∇ ⊣↕↕ √⟩\∫↙ ℜ√⟨⊣∫⌉⊤ ⟩∫ INV⇔ NONINV⇔ ≀∇ UNKNOWN ⌋≀∇∇⌉∫√≀\⌈⟩\} ⊔≀ ⊒⟨⌉⊔⟨⌉∇ ⊔⟨⌉ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\ ⟩∫ \⌉}⊣⊔⟩⊑⌉↖⊓\⊣⊔⌉⇔ √≀∫⟩⊔⟩⊑⌉↖ ⊓\⊣⊔⌉⇔ ≀∇ ⌊⟩\⊣⊔⌉ ⟩\ ⊔⟨⟩∫ ⟩\√⊓⊔ ⊑⊣∇⟩⊣⌊↕⌉ ∇⌉∫√⌉⌋⊔⟩⊑⌉↕†↙ T⟨⟩∫ ⟩∫ ∇⌉∐⊓⟩∇⌉⌈ {≀∇ ⊔⟨⌉ ∫⌉√⊣∇⊣⊔⌉ ∇⟩∫⌉↖{⊣↕↕ ⌈⌉↕⊣† ⇕≀⌈⌉↕↙ ⇐I\ √∇⟩\⌋⟩√↕⌉⇔ ⊔⟨⟩∫ ⟩\{≀∇⇕⊣⊔⟩≀\ ⟩∫ ⌉⊣∫⟩↕† ⌈⌉∇⟩⊑⌉⌈ {∇≀⇕ ⊔⟨⌉ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\∅ ⊔⟨⟩∫ ⊘⌉↕⌈ ⇕⊣† ⌈⟩∫⊣√√⌉⊣∇ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉⇒↙ ℜ⟩\√⊓⊔↖↕≀⊣⌈⊤ }⟩⊑⌉∫ ⊔⟨⌉ ⟩\√⊓⊔ ↕≀⊣⌈ ≀{ ⊔⟨⟩∫ √⟩\↙ I⊔ ⟩∫ ⊣ ⊙≀⊣⊔⟩\} √≀⟩\⊔ ⊑⊣↕⊓⌉⇔ ⟩\ ⊣∇⌊⟩⊔∇⊣∇† ⊓\⟩⊔∫ ⌋≀\⊑⌉\⟩⌉\⊔ {≀∇ ⊔⟨⌉ ⊓∫⌉∇↙ ℜ⇕⊣§↖↕≀⊣⌈⊤ ∫√⌉⌋⟩⊘⌉∫ ⊣ ↕≀⊣⌈⟩\} ⌋≀\∫⊔∇⊣⟩\⊔ {≀∇ ⊔⟨⌉ ⌋⌉↕↕↙ I⊔ ⟩∫ ⊣ ⊙≀⊣⊔⟩\} √≀⟩\⊔ ⊑⊣↕⊓⌉ ∫√⌉⌋⟩{†⟩\} ⊔⟨⌉ ⇕⊣§⟩⇕⊓⇕ ↕≀⊣⌈ ⊣↕↕≀⊒⌉⌈ ≀\ ⊔⟨⌉ ≀⊓⊔√⊓⊔↙ ℜ∇⟩∫⌉↖⌊↕≀⌋‖↖⌈⌉↕⊣†⊤ ⊣\⌈ ℜ∇⟩∫⌉↖{⊣\≀⊓⊔↖⌈⌉↕⊣†⊤ ⊣∇⌉ ⊔⟨⌉ ∇⟩∫⌉↖⊔⟩⇕⌉ √⊣∇⊣⇕⌉⊔⌉∇∫ {≀∇ ⊔⟨⌉ ⊔⟩⇕⟩\} ⇕≀⌈⌉↕↙ T⟨⌉† ⊣∇⌉ ⊙≀⊣⊔⟩\} √≀⟩\⊔ ⊑⊣↕⊓⌉∫⇔ ⊔†√⟩⌋⊣↕↕† ⟩\ ⊔⟨⌉ ⊓\⟩⊔∫ \⊣\≀∫⌉⌋≀\⌈∫⇔ ⊣\⌈ \⊣\≀∫⌉⌋≀\⌈∫∝⊓\⟩⊔↖↕≀⊣⌈ ∇⌉∫√⌉⌋⊔⟩⊑⌉↕†↙ ℜ{⊣↕↕↖⌊↕≀⌋‖↖⌈⌉↕⊣†⊤ ⊣\⌈ ℜ{⊣↕↕↖{⊣\≀⊓⊔↖⌈⌉↕⊣†⊤ ⊣∇⌉ ⊔⟨⌉ {⊣↕↕↖⊔⟩⇕⌉ √⊣∇⊣⇕⌉⊔⌉∇∫ {≀∇ ⊔⟨⌉ ⊔⟩⇕⟩\} ⇕≀⌈⌉↕↙ T⟨⌉† ⊣∇⌉ ⊙≀⊣⊔⟩\} √≀⟩\⊔ ⊑⊣↕⊓⌉∫⇔ ⊔†√⟩⌋⊣↕↕† ⟩\ ⊔⟨⌉ ⊓\⟩⊔∫ \⊣\≀∫⌉⌋≀\⌈∫⇔ ⊣\⌈ \⊣\≀∫⌉⌋≀\⌈∫∝⊓\⟩⊔↖↕≀⊣⌈ ∇⌉√∫⌉⌋⊔⟩⊑⌉↕†↙ A↕↕ ≀{ ⊔⟨⌉ ⌈⌉↕⊣† ⟩\{≀∇⇕⊣⊔⟩≀\ ⟩∫ ∫√⌉⌋⟩⊘⌉⌈ ≀\ ⊣ √⟩\↖⌊†↖√⟩\ ⌊⊣∫⟩∫↙ T⟨⌉ ⇕⌉⊣\⟩\} ⟩∫ ⊔⟨⌉ ⌈⌉↕⊣† ⟩\{≀∇⇕⊣⊔⟩≀\ {≀∇ ⊔⟨⌉ ⇕≀∫⊔ ⌋∇⟩⊔⟩⌋⊣↕ √⟩\ ⟩∫ ⊓∫⌉⌈ ⊔≀ ⌈⌉⊔⌉∇⇕⟩\⌉ ⊔⟨⌉ ⌈⌉↕⊣† {≀∇ ⊔⟨⌉ }⊣⊔⌉↙ △∋

∈ L⊣⊔⌋⟨ S√⌉⌋⟩⊘⌋⊣⊔⟩≀\ L⊣⊔⌋⟨⌉∫ ⊣∇⌉ ∫√⌉⌋⟩⊘⌉⌈ ⊣∫ {≀↕↕≀⊒∫¬ LATCH ℜ⌋⌉↕↕↖\⊣⇕⌉⊤ ℜ⌋⌉↕↕↖⊣∇⌉⊣⊤ ℜ⌋⌉↕↕↖↕≀}⟩⌋↖{⊓\⌋⊔⟩≀\⊤ ℜ√⟩\↖⟩\{≀⊤ ↙ ↙ ℜ√⟩\↖⟩\{≀⊤ ℜ↕⊣⊔⌋⟨↖∫√⌉⌋⊤ ∪ℜ⌋↕≀⌋‖↖⌈⌉↕⊣†↖⟩\{≀⊤⊎ ∪ℜ⌋≀\∫⊔∇⊣⟩\⊔↖⟩\{≀⊤⊎ ℜ⌋⌉↕↕↖\⊣⇕⌉⊤⇔ ℜ⌋⌉↕↕↖⊣∇⌉⊣⊤⇔ ℜ⌋⌉↕↕↖↕≀}⟩⌋↖{⊓\⌋⊔⟩≀\⊤ ⊣\⌈ ℜ√⟩\↖⟩\{≀⊤ ⊣∇⌉ ⊔⟨⌉ ∫⊣⇕⌉ ⊣∫ ⟩\ ⊔⟨⌉ ⌋≀⇕⌊⟩\⊣⊔⟩≀\⊣↕ ⌋⊣∫⌉↙ ℜ↕⊣⊔⌋⟨↖∫√⌉⌋⊤ ⟨⊣∫ ⊔⟨⌉ {≀↕↕≀⊒⟩\} {≀∇⇕⊣⊔¬ SEQ ℜ↕⊣⊔⌋⟨↖⟩\√⊓⊔⊤ ℜ↕⊣⊔⌋⟨↖≀⊓⊔√⊓⊔⊤ ℜ↕⊣⊔⌋⟨↖⊔†√⌉⊤ ℜ↕⊣⊔⌋⟨↖⟩\√⊓⊔⊤ ⇕⊓∫⊔ ⌊⌉ ⊔⟨⌉ \⊣⇕⌉ ≀{ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ≀{ ⊔⟨⌉ ⌋⌉↕↕↙ T⟨⊓∫⇔ ℜ↕⊣⊔⌋⟨↖⟩\√⊓⊔⊤ ⟩∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⊣∫ ⊣ {⊓\⌋⊔⟩≀\ ≀{ ℜ↕⊣⊔⌋⟨↖≀⊓⊔√⊓⊔⊤ ⟩\ ⊔⟨⌉ ℜ⌋⌉↕↕↖↕≀}⟩⌋↖{⊓\⌋⊔⟩≀\⊤↙ A ∫√⌉⌋⟩⊣↕ \⊣⇕⌉ ↑ANY↑ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ {≀∇ ℜ↕⊣⊔⌋⟨↖≀⊓⊔√⊓⊔⊤ ⊔≀ ∫√⌉⌋⟩{† ⊔≀ ⊔⟨⌉ ⇕⊣√√⌉∇ ⊔⟨⊣⊔ ℜ↕⊣⊔⌋⟨↖≀⊓⊔√⊓⊔⊤ \⌉⌉⌈∫ \≀⊔ ⌊⌉ ⊣ ∫⟩}\⊣↕ \⊣⇕⌉ ⟩\ ⊔⟨⌉ ℜ⌋⌉↕↕↖↕≀}⟩⌋↖{⊓\⌋⊔⟩≀\⊤↙ T⟨⟩∫ ⟩∫ ⊓∫⌉{⊓↕ {≀∇ ⌈⌉∫⌋∇⟩⌊⟩\} D↖⊔†√⌉ ⊙⟩√↖⊙≀√∫ ⊣\⌈ ↕⊣⊔⌋⟨⌉∫↙ ℜ↕⊣⊔⌋⟨↖⊔†√⌉⊤ ⌋⊣\ ⌊⌉ ACTIVE HIGH ≀∇ ACTIVE LOW {≀∇ ⊔∇⊣\∫√⊣∇⌉\⊔ ↕⊣⊔⌋⟨⌉∫∅ RISING EDGE ≀∇ FALLING EDGE {≀∇ ⌉⌈}⌉↖⊔∇⟩}}⌉∇⌉⌈ ⊙⟩√↖⊙≀√∫∅ ≀∇ ASYNCH {≀∇ ⊣∫†⌋⟨∇≀\≀⊓∫ ↕⊣⊔⌋⟨⌉∫↙ ℜ⌋↕≀⌋‖↖⌈⌉↕⊣†↖⟩\{≀⊤ ⟩∫ \⌉⌋⌉∫∫⊣∇† {≀∇ ∫†\⌋⟨∇≀\≀⊓∫ ↕⊣⊔⌋⟨⌉∫ ⊣\⌈ ⊙⟩√↖⊙≀√∫↙ I⊔ }⟩⊑⌉∫ ⊔⟨⌉ √∇≀√⊣}⊣⊔⟩≀\ ⌈⌉↕⊣† {∇≀⇕ ⊔⟨⌉ ⌋↕≀⌋‖ √⟩\ ⊔≀ ⊔⟨⌉ ≀⊓⊔√⊓⊔↙ I⊔∫ {≀∇⇕⊣⊔ ⟩∫ ⊣∫ {≀↕↕≀⊒∫¬ CONTROL ℜ⌋↕≀⌋‖↖√⟩\↖\⊣⇕⌉⊤ ℜ⟩\√⊓⊔↖↕≀⊣⌈⊤ ℜ⇕⊣§↖↕≀⊣⌈⊤ ℜ∇⟩∫⌉↖⌊↕≀⌋‖↖⌈⌉↕⊣†⊤ ℜ∇⟩∫⌉↖{⊣\≀⊓⊔↖⌈⌉↕⊣†⊤ ℜ{⊣↕↕↖⌊↕≀⌋‖↖⌈⌉↕⊣†⊤ ℜ{⊣↕↕↖{⊣\≀⊓⊔↖⌈⌉↕⊣†⊤ ℜ⌋≀\∫⊔∇⊣⟩\⊔↖⟩\{≀⊤ }⟩⊑⌉∫ ⊔⟨⌉ ∫⌉⊔⊓√ ⊣\⌈ ⟨≀↕⌈ ⊔⟩⇕⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊒⟩⊔⟨ ∇⌉∫√⌉⌋⊔ ⊔≀ ⊔⟨⌉ ⌋↕≀⌋‖ ∫⟩}\⊣↕↙ T⟨⌉ {≀∇⇕⊣⊔ ⟩∫¬ CONSTRAINT ℜ√⟩\↖\⊣⇕⌉⊤ ℜ∫⌉⊔⊓√↖⊔⟩⇕⌉⊤ ℜ⟨≀↕⌈↖⊔⟩⇕⌉⊤ I{ \≀⊔ ∫√⌉⌋⟩⊘⌉⌈⇔ ⊔⟨⌉ ⊑⊣↕⊓⌉∫ ≀{ ′↙′ ⊣∇⌉ ⊣∫∫⊓⇕⌉⌈↙

∋ E§⊣⇕√↕⌉∫ E§⊣⇕√↕⌉ ′ ≀{ ↕⊣⊔⌋⟨ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\¬ LATCH ↑⌈↖↕⊣⊔⌋⟨↑ ∀′ QℑD∅ PIN D NONINV ∞ ∃∃∃ ∞ ↙∈ ∞ ↙∈ SEQ Q ANY ACTIVE∨HIGH CONTROL CLK ∞ ∃∃∃ ∞ ↙∈ ∞ ↙∈ CONSTRAINT D ′↙∈ ′↙∈ E§⊣⇕√↕⌉ ∞ ≀{ ℜ⌋⌉↕↕↖↕≀}⟩⌋↖{⊓\⌋⊔⟩≀\⊤¬ O ℑ →⇐→I∞ ⇑ I∈⇒∅ T⟨⟩∫ ⟩∫ ↕⌉}⊣↕ ⊣\⌈ ⌈⌉⊘\⌉∫ ⊣ NAND }⊣⊔⌉ ⊒⟩⊔⟨ ∞ ⟩\⊑⌉∇⊔⌉⌈ ⟩\√⊓⊔∅ ⟩⊔ ⌋≀⊓↕⌈ ⊣↕∫≀ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈ ⊣∫ O ℑ I∞ ⇓ →I∈∅ T⟨⌉∇⌉ ⟩∫ \≀ ⊣⌈⊑⊣\⊔⊣}⌉ ≀∇ ⌈⟩∫⊣⌈⊑⊣\⊔⊣}⌉ ⊔≀ ⌉⟩⊔⟨⌉∇ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\∅ ≀\↕† ≀\⌉ \⌉⌉⌈ ⌊⌉ }⟩⊑⌉\↙ E§⊣⇕√↕⌉ ∈ ≀{ ℜ⌋⌉↕↕↖↕≀}⟩⌋↖{⊓\⌋⊔⟩≀\⊤¬ △△

O ℑ →⇐⇐I∞ ⇑ I∈⇒ ⇓ →⇐I∋ ⇓ I△⇒⇒∅ ⟩∫ ⟩\⌋≀∇∇⌉⌋⊔↕† ∫√⌉⌋⟩⊘⌉⌈↙ I⊔ ⇕⊓∫⊔ ⌊⌉ ∇⌉↖⊒∇⟩⊔⊔⌉\ ⊣∫ ⌉⟩⊔⟨⌉∇ O ℑ →⇐⇐I∞ ⇑ I∈⇒ ⇓ ⇐→I∋ ⇑ →I△⇒⇒∅ ≀∇ O ℑ ⇐→I∞ ⇓ →I∈⇒⇑⇐I∋ ⇓ I△⇒∅ A}⊣⟩\⇔ ⊔⟨⌉∇⌉ ⟩∫ \≀ ⊣⌈⊑⊣\⊔⊣}⌉ ≀∇ ⌈⟩∫⊣⌈⊑⊣\⊔⊣}⌉ ⊔≀ ⌉⟩⊔⟨⌉∇ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ⊣∫ ⊔⟨⌉† ⌈⟩{{⌉∇ ≀\↕† ⌊† D⌉ M≀∇}⊣\≃∫ ↕⊣⊒↙ O\↕† ≀\⌉ \⌉⌉⌈ ⌊⌉ }⟩⊑⌉\↙ N≀⊔⌉ ⊔⟨⊣⊔ ⊔⟨⌉∇⌉ ⊣∇⌉ \≀ ≀⊔⟨⌉∇ {⊣⌋⊔≀∇⌉⌈ {≀∇⇕∫ {≀∇ ⊔⟨⟩∫ ⌉∐⊓⊣⊔⟩≀\↙ E§⊣⇕√↕⌉ ∋ ≀{ ℜ⌋⌉↕↕↖↕≀}⟩⌋↖{⊓\⌋⊔⟩≀\⊤¬ O ℑ ⊣⇑⌊ ⇓ ⊣⇑⌋ ⇓ ⌊⇑⌋∅ T⟨⟩∫ ⟩∫ ≀\⌉ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ≀{ ⊣ ⇕⊣|≀∇⟩⊔† }⊣⊔⌉↙ A\≀⊔⟨⌉∇ √≀∫∫⟩⌊↕⌉ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ⇐⊒⟨⟩⌋⟨ IS ⌋≀\∫⟩⌈⌉∇⌉⌈ ⌈⟩{{⌉∇⌉\⊔⇒ ⟩∫¬ O ℑ ⊣⇑⇐⌊ ⇓ ⌋⇒ ⇓ ⌊⇑⌋∅ A\† √⌉∇⇕⊓⊔⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⟩\√⊓⊔ ⊑⊣∇⟩⊣⌊↕⌉∫ ⌈≀⌉∫ \≀⊔ √∇≀⊑⟩⌈⌉ ⊣ \⌉⊒ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\∅ ⟨⌉\⌋⌉⇔ ⊔⟨⌉∫⌉ ⊣∇⌉ ⊔⟨⌉ ≀\↕† ⊔⊒≀ ⊓∫⌉{⊓↕ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\∫ {≀∇ ⊣ ⇕⊣|≀∇⟩⊔† }⊣⊔⌉ ↕≀}⟩⌋ {⊓\⌋⊔⟩≀\↙ B≀⊔⟨ ∫⟨≀⊓↕⌈ ⌊⌉ √∇≀⊑⟩⌈⌉⌈ ⊔≀ ⊔⟨⌉ ⊔⌉⌋⟨\≀↕≀}† ⇕⊣√√⟩\} √∇≀}∇⊣⇕⇔ ⊓\⊔⟩↕ {⊓∇⊔⟨⌉∇ \≀⊔⟩⌋⌉↙

△▽