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 Vector-logical in-memory computing for solving modelling for simulation 

(MOSI) problems by using read-write transactions free of processor 

instructions is proposed. A parser mechanism has been developed for 

converting the HDL code of the logical circuit into the internal vector-

logical data structures of the MOSI service, addresses of logical vectors of 

elements. Deductive vectors are generated from the vector-logic model of 

the digital circuit for fault as address simulation of the input test sets. A 

mechanism for modelling a fault simulation matrix as the addresses of the 

deductive vector bits of each element on the test set has been created. The 

results of good-value and fault as address simulation are rendered and 

synchronized in the good-value simulation, fault as address simulation, fault 

simulation matrices on the input set, and on the lines of the logical circuit 

displayed on the monitor. Modeling and simulation mechanisms encoded 

and verified using examples of logical circuits of the ISCAS library. The 

scientific novelty is represented by vector-logical models of digital circuit 

elements, good-value simulation of test set as address and fault as address 

simulation of a digital circuit, and fault as address simulation of the input 

set, using a quadratic simulation matrix. 
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1. INTRODUCTION 

The purpose of a robot [1] is to replace a person in non-intellectual, monotonous tasks where 

humans tend to make mistakes [2]. At the same time, the robot's metrics [3] include long-term operational 

autonomy, minimal power consumption, operational accuracy in both time and space, and the reliability of 

control systems [4]. All these properties are effectively implemented in IP SoCs [5] that utilize energy-

efficient, processorless in-memory computing architectures [5], [6] based on read-write transactions. The 

reliability of robot control systems is ensured by logical circuits [6] and simple, low-cost tools [7] for testing, 

modeling, and diagnostics based on vector logic. Why is this the preferred solution for the EDA market 

today? Industrial EDA [8] simulation systems (such as Synopsys, Sentaurus TCAD; Cadence, Virtuoso, 

Spectre, Voltus, Quantus, Xcelium, Allegro; Aldec, Active-HDL, Riviera-PRO; Siemens EDA ModelSim, 

Intel Quartus Prime, PSIM; Xilinx ISE, Vivado) are focused on helping testers [9] or designers verify [10] 

digital projects based on SoC, VLSI, ASIC, PLD, FPGA [11]. These systems cost tens of millions to 

hundreds of millions of dollars. They provide high-value simulation and fault-simulation services to generate 

tests and reduce test run times, which are crucial for large-scale digital projects. Such systems are generally 

https://creativecommons.org/licenses/by-sa/4.0/
https://www.google.com/search?q=Sentaurus+TCAD&client=safari&hs=McfU&sca_esv=8e5ba7d0347bd658&channel=ipad_bm&sxsrf=ANbL-n5tkktpRAWsXu5cpc36zqM-WqAHvA%3A1770881192466&source=hp&ei=qICNaaWOGtuoxc8P-9rDwA8&iflsig=AFdpzrgAAAAAaY2OuEHAuR5AfrZW-Dvk8wUu-jEb8RJC&ved=2ahUKEwjP9MT5ttOSAxW-SfEDHR15A48QgK4QegQIARAC&uact=5&oq=%C2%A0+%C2%A0%C2%A0%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B+%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F+Synopsys&gs_lp=Egdnd3Mtd2l6IjnCoCDCoMKg0YHQuNGB0YLQtdC80Ysg0LzQvtC00LXQu9C40YDQvtCy0LDQvdC40Y8gU3lub3BzeXMyBRAhGJ8FMgUQIRifBTIFECEYnwUyBRAhGJ8FMgUQIRifBTIFECEYnwUyBRAhGJ8FMgUQIRifBTIFECEYnwUyBRAhGJ8FSL3MBVAAWJGfBXAIeACQAQCYAa4BoAGwBKoBAzIuM7gBA8gBAPgBAfgBApgCDaAC6QSoAgrCAg0QIxiABBgnGIoFGOoCwgITEC4YgAQY0QMYxwEYJxiKBRjqAsICBxAjGCcY6gLCAg0QLhiABBgnGIoFGOoCwgIFEAAY7wXCAggQABiABBiiBMICBhAhGAoYKpgDCvEFkdIR934ODkSSBwQxMC4zoAecG7IHAzIuM7gHwQTCBwcxLjUuNi4xyAcogAgA&sclient=gws-wiz
https://www.google.com/search?q=Active-HDL&client=safari&hs=iH09&sca_esv=8e5ba7d0347bd658&channel=ipad_bm&biw=2537&bih=1230&sxsrf=ANbL-n7DJZSJmf8QPhj8mQ7YkuMCMyv2wQ%3A1770881450360&ei=qoGNabXWFYKFxc8P_ceBsQo&ved=2ahUKEwjV1J6ouNOSAxVTVvEDHbNqIpMQgK4QegQIARAC&uact=5&oq=%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B+%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F+Aldec&gs_lp=Egxnd3Mtd2l6LXNlcnAiL9GB0LjRgdGC0LXQvNGLINC80L7QtNC10LvQuNGA0L7QstCw0L3QuNGPIEFsZGVjMgUQIRigATIFECEYoAEyBRAhGKABMgUQIRifBTIFECEYnwUyBRAhGJ8FMgUQIRifBTIFECEYnwVIqSVQixRYixRwBHgBkAEAmAHHAaABxwGqAQMwLjG4AQPIAQD4AQL4AQGYAgWgAtwBwgIKEAAYsAMY1gQYR5gDAIgGAZAGBZIHBTQuMC4xoAeCCbIHAzItMbgHzgHCBwUwLjMuMsgHDYAIAA&sclient=gws-wiz-serp&mstk=AUtExfCGqvJnrqEYWwB_4fiGkgEFI8n8SWjKw1b-uQcSH9iByrcjwLId0x4Tb_ZEJaPjYimrjY0RJ82kYcjc9jbKJ7CWl4g17IqWZX7hUr4IKanDfDWcq7OLLVTlIeESRVIS_zPO8aAWesxDQ-AlbP_pESdZ6kQ__4PCpZqyr6yiwBqUuYl0oJUVFglVUvT7fJdl3Eov0WOIR_v5xVqmsfJY9x-hmPDxvjyLY9Xzg4551jRgNxSr9LX-_H8tt4iOWmM7zZnDWkDkoyOXfo9hKEC0i0a4&csui=3
https://www.google.com/search?q=Riviera-PRO&client=safari&hs=iH09&sca_esv=8e5ba7d0347bd658&channel=ipad_bm&biw=2537&bih=1230&sxsrf=ANbL-n7DJZSJmf8QPhj8mQ7YkuMCMyv2wQ%3A1770881450360&ei=qoGNabXWFYKFxc8P_ceBsQo&ved=2ahUKEwjV1J6ouNOSAxVTVvEDHbNqIpMQgK4QegQIARAD&uact=5&oq=%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B+%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F+Aldec&gs_lp=Egxnd3Mtd2l6LXNlcnAiL9GB0LjRgdGC0LXQvNGLINC80L7QtNC10LvQuNGA0L7QstCw0L3QuNGPIEFsZGVjMgUQIRigATIFECEYoAEyBRAhGKABMgUQIRifBTIFECEYnwUyBRAhGJ8FMgUQIRifBTIFECEYnwVIqSVQixRYixRwBHgBkAEAmAHHAaABxwGqAQMwLjG4AQPIAQD4AQL4AQGYAgWgAtwBwgIKEAAYsAMY1gQYR5gDAIgGAZAGBZIHBTQuMC4xoAeCCbIHAzItMbgHzgHCBwUwLjMuMsgHDYAIAA&sclient=gws-wiz-serp&mstk=AUtExfCGqvJnrqEYWwB_4fiGkgEFI8n8SWjKw1b-uQcSH9iByrcjwLId0x4Tb_ZEJaPjYimrjY0RJ82kYcjc9jbKJ7CWl4g17IqWZX7hUr4IKanDfDWcq7OLLVTlIeESRVIS_zPO8aAWesxDQ-AlbP_pESdZ6kQ__4PCpZqyr6yiwBqUuYl0oJUVFglVUvT7fJdl3Eov0WOIR_v5xVqmsfJY9x-hmPDxvjyLY9Xzg4551jRgNxSr9LX-_H8tt4iOWmM7zZnDWkDkoyOXfo9hKEC0i0a4&csui=3
https://ru.wikipedia.org/wiki/ModelSim
https://ru.wikipedia.org/wiki/ModelSim
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unavailable to small companies or most universities in the East or the West. Meanwhile, in the EDA domain 

of design and testing, fault simulation services are considered more than ten times as complex as typical 

simulation tools used to verify large projects with millions or billions of gates. However, it turns out that 

good-value simulation alone does not address testing issues for such projects. Consequently, standards [12] 

(IEEE 1500, P3405, 11.49, 1687) were developed to maintain SoC, ASIC, VLSI, and FPGA functionalities 

by dividing them into subcircuits, which are tested using the "divide and conquer" boundary-scan technology 

[13]. This approach allows the use of small testbenches to verify functions and structures as separate parts of 

a large project. More precise fault simulation mechanisms can then be employed to minimize testing time and 

diagnose defects. Therefore, segmenting large projects into smaller units based on function, structure, and an 

acceptable number of inputs enables the application of more accurate simulation methods [14]. After 

subdivision, each segment is processed using advanced fault-modeling techniques. This highlights the 

importance of innovative fault-modeling and testing-mapping methods for the functions and structures of 

large digital projects segmented into components. All current fault modeling methods use HDL languages for 

circuit description [15] (such as VHDL, Verilog, SystemVerilog, and SystemC), which depend on powerful 

processors [16] to generate compilation models [17] for large projects and to simulate defects. However, 

these compilation models are rigid logic that cannot be modified during testing. The data structures and 

algorithms involved are energy-intensive and difficult to encode. An alternative is to use simple, intelligent, 

explicit vector-logical data structures that significantly simplify analysis algorithms when modeling faults as 

truth-table addresses. Interpretive or explicit vector-logical models [18] are flexible structures that can be 

modified during verification and debugging [19]. When integrated into in-memory computing architectures 

[20], vector-logic mechanisms (models and algorithms) require only read-write transactions, eliminating the 

need for processor instructions [21]. This makes vector-logical computing [22] highly scalable and energy- 

and time-efficient for inference [23] Good-value simulation addresses whether the device operates correctly 

during exhaustive or limited testing [24]. It answers whether there are errors in the project: i) Fault simulation 

solves issues [25], [26]: i) Does the device work correctly on exhaustive testing? It offers a good-value 

simulation service; ii) Builds a fault testing map during exhaustive testing [27]; iii) Diagnose defects 

identified on each test. iv) Contributes to generating minimal tests for single constant faults; v) Develops 

schemes for seamless control of input variables affecting functionality, providing a Boolean derivative of 

input combinations; vi) Diagnoses defects in input variables of any order; vii) Defines test kits for checking 

combinations of faults at functionality inputs; and viii) All of these apply to both logical functions and any 

structures represented as graphs.  

The study aims to develop vector-logical in-memory computing as a cost-effective solution for 

modeling and simulation (MOSI) problems using read-write transactions without processor instructions. 

Research objectives include: i) Developing a parser mechanism to convert HDL code of logical circuits into 

internal vector-logical data structures for the MOSI system; ii) Creating a vector-logical model of a digital 

circuit for efficient simulation of input test sets, represented as addresses of logical vector elements; iii) 

Building deductive vectors within a vector-logical model of a logical circuit for fault simulation based on 

address inputs; iv) Designing fault simulation matrices as bit addresses within the deductive vector of each 

element of the test set; v) Displaying and synchronizing the results of good-value and fault as address 

simulation, including tables and matrices, on the monitor screen; and vi) Developing and testing the 

modeling and simulation mechanisms on logical circuits from the ISCAS library [28], [29]. Scientific 

innovations include: i) Vector-logical models of circuit elements that enable good-value simulation of input 

test sets and fault simulation via bits of logical and deductive vectors based on read-write transactions; ii) 

Good-value simulation mechanisms that operate without processor instructions; iii) Fault simulation as an 

address-based mechanism functioning independently of a processor; iv) Fault address simulation of input sets 

using a quadratic simulation matrix; and v) Methods for rendering and synchronizing modeling results across 

four scalable windows displayed on the monitor. These groundbreaking innovations are unique worldwide 

and pave the way for cost-effective large-scale computing. 

 

 

2. RENDERING VECTOR LOGIC SIMULATION OF A DIGITAL CIRCUIT 

A rendering [30] of vector-logical modeling of a digital circuit is shown in Figure 1. The goal is to 

model the inputs and outputs for clear visualization of the processes and simulation results.  In the figure, Tasks 

1) is the display the HDL code of the digital circuit on the screen. Task 2) shows the good-value simulation 

mode of the circuit lines. Task 3) display the diagram of the line fault simulation table. Task 4) show the fault 

simulation matrix on the input data. Task 5) present on the screen vector-logical models of the digital circuit 

elements and the results of both good-value and fault simulation for all lines of the diagram. Ergonomic data 

structure rendering metrics: i) All windows for input data and simulation results are scalable from zero to the 

monitor size; ii) All simulation processes shown in windows 2-5 are synchronized with the input test exposure; 
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iii) Logical vectors represent all circuit elements, simplifying the modeling process to a read-write operation, 

similar to building with bricks, without processor instructions; iv) Visualizing input set quality and testing, 

along with good-value and fault detection on diagram lines, accelerates verification and the creation of minimal 

tests; v) Rendering the fault simulation matrix for the input set allows any student or engineer to learn the 

proposed vector logic modeling theory in just 10 minutes. This knowledge is crucial for identifying errors in 

digital device design and verifying testbenches. Industrial digital circuit simulation systems lack this feature; 

what's happening inside is hidden from the user and is expensive; and vi) A key feature and innovation of these 

services is the synchronization of modeling processes across all windows, illustrating all essential procedures to 

understand the results. This is very important for both engineers and students. 

For those who appreciate vector-logical analysis, the following options are available: optional 

rendering for high-value and fault-simulation services. The first mode highlights circuit elements and wires by 

integrating the input set into the fault simulation matrix. This mode allows you to track the validating properties 

of the input good-value and fault-simulation test sets on all circuit lines. The second mode involves illuminating 

the logic element, its inputs, and outputs, in synchronization with the fixed line of the fault simulation matrix 

and the element's HDL code. A truth table is generated on the active circuit element output, where all 

combinations of stuck-at faults, which are covered by the unit coordinates of the deductive vector, are 

highlighted on its unit coordinates of binary addresses. The rows of the good-value and fault simulation tables 

are adjustable in this mode, enabling you to observe the good-value operation and fault simulation of the 

selected element across all test cases. The first mode is used to manually develop logic fault coverage tests, 

while the second mode helps precisely diagnose design errors, logic faults, or defects in a digital product. 
 

 

 
 

Figure 1. Vector logic modeling for rendering 

 

 

3. FAULT SIMULATION MATRIX 

HDL (VHDL, Verilog, SystemVerilog, and SystemC) code for describing digital projects emerged 

in the EDA market in the 1980s [15]. Its emergence is associated with several key factors: i) The standard of 

communication between testers, designers, scientists, and students; ii) The standard for interoperability 

among various modeling systems and the design efforts of leading companies worldwide; iii) A benchmark 

for comparing existing EDA modeling tools in terms of simulation speed and accuracy; and iv) The 

organization of benchmark circuit libraries [31] featuring various circuit solutions [28] (ISCAS 85, 89, 96, 

99) for testing existing and new design and verification methods. v) The development of powerful compilers 

capable of modeling large-scale digital projects. These factors are regularly considered by scientists and 

researchers in the EDA field to evaluate their results against existing benchmarks. Therefore, using a small 

C17 circuit from the ISCAS 85 library [29] effectively illustrates the operations and benefits of vector-logic 

modeling for simulation. 

 

Verilog 

module c17 (N1, N2, N3, N6, N7, N22, N23); 

    input N1, N2, N3, N6, N7; 

    output N22, N23; 

    wire N10, N11, N16, N19; 

 

    // Structural description on elements NAND 

    nand NAND2_1 (N10, N1, N3); 

    nand NAND2_2 (N11, N3, N6); 

    nand NAND2_3 (N16, N2, N11); 

    nand NAND2_4 (N19, N11, N7); 

    nand NAND2_5 (N22, N10, N16); 

    nand NAND2_6 (N23, N16, N19); 

endmodule 
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This Verilog circuit description was used to obtain i) a monitor image of a vector logical model, and 

ii) a modeling of vector logic data structures – fault simulation matrix – for good-value as address and fault 

as address simulation on a test input set (see Figure 2).  

 

 

 
 

Figure 2. Logic circuit and fault simulation matrix 

 

 

The fault simulation matrix [22] is an intelligent simulation engine, or a smart vector-logic data 

structure, for efficiently simulating values and fault addresses across a test input set. Cleverly related here are 

the following components: i) A quadratic fault simulation matrix, initially filled with units at the coordinates 

of the main diagonal; ii) Date structure containing: Input – input line numbers of logic elements, I-set – input 

test sets for each circuit element, LV – logical vectors of each circuit element for good-value as address 

simulation, DV – deductive vectors of each circuit element for fault as address simulation; and iii) Inference 

of good-value as address and fault as address simulation results, the «sum» is an integral vector of logical or-

summation of all detected faults on the observed outputs of the circuit. Two vectors or two matrix lines are 

summed up here, sum = 10⋁11=10110111111, «good» – good-value as address simulation of all circuit lines, 

«fault» – fault as address simulation of all circuit line faults on the test input set. 

A feature of fault simulation matrix is the unitary coding of all faults by unit coordinates of a 

quadratic matrix with dimension (n×n), where n is the number of input, output, and internal lines of the 

logical circuit. Each non-input row of the matrix is responsible for transporting faults of the input lines of the 

corresponding element to its output using the DV deductive vector, which is located in the same row of the 

matrix on the right. The address, which is formed by the one and zero coordinates of the simulation matrix at 

the input, selects a bit of the deductive vector that forms a (0)1 value at the output, which will mean (not) 

detected the combination of input faults, as the generated address, at the output of the element. For example, 

the sixth row of the matrix has 1-values at coordinates 1 and 3, which form the address 11 for the last bit of 

the deductive vector 0111. There is 1 at this address. This means that input faults at coordinates 1 and 3 will 

be detected at the output of element 6. The «sum» vector is a logical or-operation of all the vectors of the 

matrix that correspond to the observed output lines of the circuit. «Sum» row forms the «fault» vector of 

detected faults, which will always be the inverse of the good-value states of these lines in the «good» vector 

or on the test input set fault = (sum=1)&𝑔𝑜𝑜𝑑̅̅ ̅̅ ̅̅ ̅. Shown here is the date structure, which shows the formation 

of DV deductive vectors as a function of the input set and the logical vector of the LV element DV=f(I-set, 

LV). The deductive vector will be modeled in detail in the next section. The Fault Simulation Matrix is a 

body of know-how with no analogs worldwide, in terms of the simplicity of its data structures and the 

algorithm for processing them. 

 

 

4. MODELING DEDUCTIVE VECTORS AND TESTING MAP  

Vector-logical modeling of a digital circuit. The goal is to significantly reduce the time and energy 

costs of simulation modeling by using read-write in-memory computing transactions on vector-logical 

models of digital circuit elements. Vector logic modeling metric (Figure 3): i) A logical vector (01000010) is 

all that is needed to describe any functionality or structure; ii) A read-write transaction based on an explicit 

binary address of a logical vector bit is all that is needed to compute the state of any logical element; iii) Any 

two-seat operation is specified by a logical vector of 4 bits in length; iv) A two-place operation on a logical 

vector also generates a logical vector or matrix of length 22𝑛; v) An Xor operation on a logical vector 

generates a disordered L-matrix of activity or a complete set of unordered deductive vectors and derivatives; 

vi) Ordering the activity matrix according to the HDL standard (H-matrix) by following the addresses of 
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logical variables generates a deductive D-matrix D = 𝐿𝐻. It contains the complete set of deductive vectors in 

rows and the complete set of derivatives in the columns of the matrix; vii) A deductive vector is a logical 

vector that determines the conditions for activating (changing) the output of an element by input logical faults 

on a given input set; viii) The Boolean derivative is a logical vector that determines the conditions for 

activating the output when a given number of input variables change on an exhaustive test; ix) C-matrix or 

testing map is a matrix of relationships between an exhaustive test and the complete set of all combinations 

of input variable faults. The coordinates of the matrix are determined by the F-vectors of the faults to be 

detected in alphabetical order (01), where the "dot" denotes a non-fault detected on the corresponding input 

variable. Each significant (0,1) coordinate of the F-vector is defined at the locations with 1-value of the 

address bits at the top of the C-matrix, which are further determined by the inverse value of the 

corresponding bits of the input test set on the left side of the matrix.  

Three matrix operations are all that is needed to build a test map of any function or structure [23]. 

But our task is more difficult – to use vector logic to simulate the faults in all lines of a scheme built by 

someone else. To achieve this goal, we need to solve the following tasks (Figure 4): i) Create a parser for 

HDL code to describe the logical scheme into the internal data structures of MOSI services; ii) Modeling 

vector-logical data structures of a digital circuit for modeling and displaying on the screen; iii) Good-value 

simulation of test suites as addresses of bits of logical vectors of elements; iv) Simulation of faults as the 

addresses of the bits of logical vectors of elements; v) Rendering the good-value and fault simulation process 

on vector-logical data structures of the logical circuit using scrolling; vi) Rendering the vector-logical model 

of the scheme using scrolling and window scaling; vii) Rendering good-value and fault simulation on a 

logical schema image using scrolling and window scaling; viii) Rendering input set fault simulation for 

synthesizing a minimal logic circuit test; and ix) Modeling is the construction of a model of an object or 

phenomenon in the memory of a computer.  
 
 

 
 

Figure 3. Matrix vector-logical modeling of the testing map 
 

 

 
 

Figure 4. The map of the vector-logic circuit for simulation and rendering 
 

 

Simulation involves using a model of a process or phenomenon to determine how it responds to 

specific inputs. Vector logic is the theory and practice of modeling data structures and algorithms to solve 

problems without a processor, using read-write transactions in computer memory. Rendering refers to the 
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optimization and ergonomic visualization of the relationship between an application's input and output data 

on the screen, aimed at entering the EDA market. An application map for verifying and rendering function 

structures and digital logic circuits is shown above. This kind of visualization for modeling and simulation 

processes is currently innovative and appealing not only to universities but also to specialists involved in 

testing modern SoC-based digital systems. 

 

 

5. TRUTH TABLE MODELING DEDUCTIVE VECTOR  

A mechanism for constructing a deductive vector on the input set using explicit addresses in the 

truth table is considered. This mechanism is easily scalable to any truth table from n variables. The 

mechanism can also be used to identify faults in test sets of any function or structure. Initial data (Figure 5): 

logical vector Y of functionality, test input set T. 
 

 

 
 

Figure 5. Data structures for modeling deductive vector  
 

 

Algorithm of modeling deductive vector for the test set 011 for the logic vectors 01111110, 

11100111 (Figure 6): i) The output function good-value state is calculated as the address of the truth table 

YT=f(F); iii) Vector xor operations L=TY⨁AY create an active unordered truth table on the test set; and iii) 

Ordering the resulting truth table according to the HDL address following standard A creates a deductive 

vector  DA=L in three operations. 

Initial data for modeling: input binary set, length n: T=011 and logical vectors Y=01111110, 

11100111, length 2𝑛 , formative 2𝑛 truth table input address F, on variables x1x2x3. Output data: truth table 

of the faults being detected, dimension n× 2𝑛. The size of memory to store data structures is determined by 

the expression: M = n× 2𝑛 + 2𝑛 + n+1, where n is the number of variables of a logical element that forms 

compact and smart data structures: truth table F, logical (deductive) vector D, input binary set T=011, and 

output states Y=1, 0. 

Modeling algorithm in example: In Model 1) Good-value simulation of logic element – computes 

the output value Y when feeding a binary input set T, treated as the address of the logic vector bit YT. Then, 

in Model 2), it executes the vector matrix operation A=T⨁F to obtain the activity truth table A. Here, the 

columns, the corresponding variables (x1x2x3) treated as binary addresses 011, to recode or reorder the bits 

of a vector L. In Model 3), ordering L-Vector coordinates by input binary addresses x1x2x3, and the truth 

tables for obtaining a deductive D vector DA=L. This operation is necessary to bring the truth table to the 

generally accepted standard of incremented binary-decimal addresses based on input variables, which is 

required for processing elements in a digital structure. The computational complexity of generating a 

deductive vector is defined as 2n × (n + 1).  
Generation of detected input faults of a logic element by inverse values of input variable signals 

x1x2x3 on the unit coordinates of the truth table columns covered (activated) by the 1-unit values of the 

deductive vector coordinates: Fij = T̅i ← Fij ∧ Di =1. The computational complexity of the algorithm is 

determined by the following formula: Q = 1+ 2n × (n + 1)+ 2n+ 2n × n performing read-write transactions. It 

is proposed to use a truth table to simulate input faults for any logic element. The truth table for each input set 

gives a complete set of combinations of detected stuck-at faults (x2
0x3

0⋁x1
1), (x3

0⋁x2
0⋁x2

0x3
0⋁x1

1⋁x1
1x3

1⋁x1
1x2

1). In 

the backlight mode, a truth table is generated on the screen of the active circuit element at its output, where all 

combinations of stuck-at faults, which are covered by the unit coordinates of the deductive vector, are 

highlighted on its unit coordinates of binary addresses. Simulation formula: the input binary set used as the cell 

address of the logical vector contains the output state of the component that is concatenated with the input set to 

form a good state vector designed to XOR-interact with all columns of the truth table to create an unordered by 

addresses of the table and the activity vector to which the procedure of ordering the columns of the table and the 

bits of the activity vector by standard addresses in corresponding columns of the table, then the resulting 

deductive vector activates unit coordinates in the corresponding columns of the truth table with its unit values, 

the signs of which are determined by the inverse states of the input set bit. 
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Figure 6. Modeling deductive vector on a test set 011 for the logic vectors 01111110, 1110011 
 

 

6. GOOD-VALUE AND FAULT SIMULATION OF DIGITAL CIRCUIT 

Vector logic simulation of digital circuits has the following metric: i) Extremely simple, smart, and 

redundant data structures that nullify the algorithm's good-value and fault simulation algorithms as address 

simulation; ii) In the extreme, these algorithms use read-write transactions without processor instructions 

when implemented in an in-memory computing architecture; iii) Rendering of simulation results is aimed at 

helping the tester solve problems of verifying functionalities or structures, minimizing tests, and diagnosing 

defects; iv) Synchronization of simulation processes across scalable windows shows all the details of the 

circuit simulation on a comprehensive test and on separate input sets, both on the diagram and on its 

individual elements; v) The windows contain the following statistical information: the time of execution of 

individual simulation procedures, the quality of test input sets Q, and the quality of the test Σ as a whole; vi) 

The circuit image on the monitor screen is synchronized with the fault simulation matrix and contains the 

logic fault check and good-value states of all circuit lines on each input set. All results from the good-value 

and fault simulation of the C17 circuit are shown in Figure 7 in two windows, synchronized by the dates of 

the simulation tables, the simulation matrix, and the circuit image on the monitor screen. 
 
 

7. DISCUSSION OF THE RESULTS OF THE STUDY 

The issues of using new technology to model input test sets as addresses of correct behavior and to 

represent faults as addresses in a logical vector are discussed. It employs an in-memory computing 

architecture based on read-write transactions to lower power consumption and reduce inference acquisition 

time. The modeling for simulation (MOSI) [31], [32] includes the following services: i) Modeling digital 

circuit data structures for accurate simulation; ii) Modeling data structures for simulation faults as addresses 

on test sets; and iii) Visualizing all processes involved in creating models of digital projects at the gate, 

register, and system levels for both accurate and fault simulation on input sets. These services can be used to 

verify digital logic projects and to study the mechanisms of vector logic modeling at technical universities. 

The entire MOSI HDL program contains about 13,000 lines of code in the C++17 version, of which 

a small part is a web module written in JavaScript and HTML. The modeling module itself consists of more 

than 2,000 lines of code; the largest volume is occupied by the graphic module (view) – more than 8,000 

lines. Windows and Ubuntu are supported. The structure of the MOSI HDL project, in terms of dataflow 

lines of code, is shown in Figure 8. 

The modular structure of MOSI HDL uses the MVC (Model-View-Controller) design pattern. Each 

specific action (parsing, placement, tracing, table generation) is implemented as a separate command that 

interacts with the model, and the graphics display the model in various forms (tables, matrices, text, circuits). 
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The MOSI HDL program uses external libraries to solve problems not directly related to modeling: i) The 

open-source Surelog parser [33] with its universal hardware model UHDM is responsible for parsing Verilog 

files; ii) The GraphViz library is responsible for the placement of circuit elements (graph nodes) [34]; iii) The 

FLUTE package [35]–[37] is responsible for preliminary tracing of connections between elements (graph 

edges); iv) The final trace is performed by one of the search algorithms in the maze – A* search algorithm 

[38]; v) Graphic elements (in particular icons) are used from the Flaticon service [39]; vi) The graphical 

interface is written using the Qt library [40]. vii) Algorithms and other business logic are implemented using 

Boost [41]; vii) A web module is being developed separately, which, with the help of Docker containers and 

servers, allows you to host a desktop program as a web service; and viii) The following ISCAS85 circuits 

were processed to verify the modeling mechanisms: c17.v, c432.v, c499.v, c880.v, c1355.v, c1908.v, 

c3540.v, c6288.v. Circuit processing statistics as shown in Figure 9. 
 

 

 
 

Figure 7. Inference of good-value and fault as addresses in the simulation 
 

 

 
 

Figure 8. Project structure in lines of code and MOSI HDL dataflow 

https://github.com/chipsalliance/Surelog
https://graphviz.org/
https://en.wikipedia.org/wiki/A*_search_algorithm
https://www.flaticon.com/
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Figure 9. Latency of the modeling and simulation operation 

 

 

Limitations of MOSI HDL: i) only Verilog GL, RTL, System combination code is supported 

without hierarchical support (one module without instantiating other modules) and only on scalar conductors; 

ii) the routing, although showing a high level of wiring (over 90%), is in many cases less than 100% and does 

not guarantee optimal results; iii) Circuits with more than 10 inputs in elements require manual input of test 

vectors; iv) development has been underway since May 2025. The repository contains 302 commits; each 

commit is preceded by 1-3 hours of development; and v) The total amount of coding work can be estimated 

at 500 hours. 

 

 

8. CONCLUSION 

Vector-logical in-memory computing is proposed as a cost-effective, low-budget solution for 

modeling and simulation (MOSI) problems that uses read-write transactions rather than processor 

instructions. A parser mechanism has been developed to convert the HDL code of the logical circuit into the 

MOSI service's internal vector-logical data structures. A vector-logical model of a digital circuit for efficient 

simulation of input test sets, using logical vector bit addresses, has been implemented. A mechanism for 

generating deductive vectors based on a vector-logical model of a digital circuit is proposed for fault-as-

address simulation of input test sets. A mechanism for modeling a fault simulation matrix as the addresses of 

the deductive vector bits of each element on the test set has been created. The results of the good-value and 

fault-as-address simulations were rendered and synchronized in the tables for the good-value and fault-as-

address simulations, the fault-modeling matrices on the input set, and the lines of the logical scheme 

displayed on the monitor screen. Modeling and simulation mechanisms are coded and verified using 

examples from the ISCAS library of logical circuits. The processing time of logic circuits and mechanisms 

for fault modeling and good-value simulation is presented. The scientific novelty of the study lies in vector-

logical models of digital circuit elements, high-value simulation of the test set, address- and fault-as-address 

simulation of the digital circuit, and fault-as-address simulation of the input set, all using a quadratic 

simulation matrix. Implemented mechanisms for ergonomic rendering and synchronization of modeling 

results in four scalable windows displayed on the monitor screen. All of these innovative solutions are 

unparalleled worldwide and create a cost-effective future of mass computing. MOSI cloud services can be 

useful to students and engineers engaged in verifying digital projects based on vector logic elements. 
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