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Abstract – This paper proposes a Self-Modifiable Mixed-Signal System-on-Chip (SMMS-SoC) architecture modifiable at the transistor level. SMMS-SoC allows configuration modification in both analog and digital domain. Current programmable devices, in particular the field programmable gate arrays and field programmable analog arrays, lack dynamic self-modification property. These field programmable devices are reconfigurable only by an off-chip processor core, which is not suitable for tightly-coupled embedded systems. The idea behind self-modification method is to extend the scheduler characteristics from real-time operating system (RTOS) to hardware domain that considers module dependencies, module precedence constraints and response time deadlines, and provides solution configurations as to which block must be modified, which module must be implemented next in any block and at which time instant. Simulations are performed on this architecture and currently it is under refinement and test at Anna University.

     Index Terms – Embedded systems, reconfigurable VLSI architecture, mixed-signal architecture, circuit modification algorithms, real-time operating system.
I. INTRODUCTION
     General-purpose computing systems have served us well over the past couple of decades. Till date, processors have been the driving engine behind general-purpose computing. As powerful as processors have been, the need for computing power has grown manifold. Despite the fact that computation power of processors steadily increases, we often find it necessary to support the general-purpose processors with specialized co-processors to perform specialized functions [1]. In the past few years, application-specific integrated circuits (ASIC)-based co-processors have been extensively used since they provide high performance. But in tightly-coupled embedded systems, ASICs restrict the flexibility of the system and exclude any post-design optimizations and upgrades in features and algorithms.  Also, ASICs bind functions to active silicon at fabrication time making the silicon useful only for the designated function. On the contrary, processors bind functions to active silicon for duration of a single cycle while requiring considerable on-chip resources. Self-Modifiable Mixed-signal SoC architecture provides a new computing paradigm and overcomes these problems. They are expected to be the future of computing systems in general, whether they are general-purpose systems or embedded systems. Self-modifiable hardware is circuitry that can be changed dynamically by itself so that its very structure changes at run-time.
     Imagine, for example, a microcontroller that consists of sufficient number of SMMS blocks, circuit modifier and nothing else. Unlike current SoC solutions, this imaginary part wouldn’t include any dedicated peripheral devices, such as timers, parallel ports, serial ports and so on. Instead, when the application requires a parallel port, part of the self-modifiable array would be configured to be a parallel port. Recent development in reconfigurable1 devices is focused primarily on highly complex mixed-signal embedded SoC applications.
     This paper proposes an architecture on which both digital and analog circuits can be synthesized and modified by circuit reconfiguration algorithms. The paper is organized as follows. Section II provides background information regarding classification of hardware cores based on granularity and configurability. Section III reviews the importance of self-modification technology, focusing on its advantages. 
1 Reconfigurable architecture is a generalized term. Self-Modifiable architecture is a specialized category of reconfigurable architecture.
Section IV introduces the SMMS-SoC architecture. Following these, design requirements and related issues are discussed in section V followed by conclusions in section VI.
II. CLASSIFICATION OF HARDWARE CORES
     A large number of reconfigurable architectures have been developed over the years. Reconfigurable architectures can be classified based on several different parameters. In this section, we list two types of classification. 
A. Granularity

     The granularity is the size of the smallest functional unit that is addressed by the mapping tools [2]. Lower granularity provides more flexibility in adapting the hardware to the computing system. But some architecture adopt high granularity to achieve performance.

B. Configurability

     Hardware cores may be classified according to their configurability [3] as shown in Fig. 1. All processor cores are by definition programmable. A smaller subset may be reconfigured by terminating operation and re-loading a complete device configuration. Note that all devices are not reconfigurable. In general, any subset in Fig. 1. inherits the properties of its parent set, so that, for example, any partially reconfigurable device is programmable but the reverse does not hold. A device is defined as partially reconfigurable or “compile-time” reconfigurable if it is possible to selectively reconfigure it, while the rest of the device remains inactive but retains its configuration information. Devices are classified as dynamically reconfigurable or “run-time” reconfigurable if their embedded configuration storage circuitry can be updated selectively, without disturbing the operation of the remaining logic. Proceeding one level deeper, a device is classified as self-modifiable mixed-signal device if it can be dynamically reconfigured either as an analog circuit or as a digital circuit, irrespective of its previous configuration. At the system level, an embedded computing system containing multiple modules may be classified as self-modifiable if the modules are individually self-modifiable.

III. SELF-MODIFIABLE TECHNOLOGY - ADVANTAGES
     On-chip integration of self-modifiable logic reduces the memory access costs and the reconfiguration costs. The availability of increasingly larger number of transistor density per silicon area [4] facilitates the implementation of SMMS-SoC architecture.
     Self-modifiable mixed-signal SoC has several advantages. First, it is possible to achieve greater functionality with a simpler hardware design. Because not all of the logic must be present in the hardware at all times, the cost of supporting additional features is reduced to the cost of the memory required to store the logic design. The second advantage is lower system cost, which does not manifest itself directly. The lifetime system cost has to be considered to see the savings. Systems based on self-modifiable SoC are upgradeable in the field. Such changes extend the useful life of the system, thus reducing lifetime costs. The final advantage is reduced time-to-market. The fact that the designer is no longer using an ASIC is a big help in this respect. There are no chip design and prototyping cycles, which eliminate a large amount of development effort. In addition, the logic design remains flexible even after the product has been released to the market. Self-modifiable architecture based computing allows embedded system designers to execute more hardware than they have at their disposal, which works especially well when there are parts of the hardware that are occasionally idle. Using this approach it is possible to design embedded systems that do more, cost less, and have shorter design and implementation cycles. 

IV. SMMS-SoC ARCHITECTURE

     The SMMS-SoC architecture is proposed as a flexible, versatile platform for embedded systems. As a first step toward SMMS-SoC development, the SMMS cell is designed for mixed-signal hardware modifiable at transistor level. Since both analog and digital CMOS circuits [5], [6] ultimately rely on functions implemented with transistors, this proposed SoC architecture appears as a versatile platform for the synthesis of mixed-signal 
[image: image1]circuits. This is a cellular architecture. The overall functional block diagram of SMMS-SoC device is shown in Fig. 2. The architecture and its constituent modules are described in the following.
A. Real-time circuit modifier

     Fig. 3. shows the real-time circuit modifier module. RTCM, in short, performs three specific functions – Hardware modification, Inter-communication and Cell status management. This module is a combination of hardware and software. The hardware modifier determines which configuration will be synthesized next in SMMS cell. When two successive circuit configurations need to share some data, inter-configuration communication unit manages it. Cell status management unit maintains the information regarding the current context or state of each SMMS cell. RTCM module is linked with SMMS cell array through RTCM interface unit.
     The SMMS cell will be in one of the following three states at any time instant: Executing, Unconfigured and Freezed. The typical state diagram of each SMMS cell is shown in Fig. 4. 
· Executing means that the particular reconfigurable mixed-signal cell is executing for the configured functionality.

· Unconfigured means that the particular reconfigurable mixed-signal cell is not yet configured and can be utilized.

· Freezed means that the particular reconfigurable mixed-signal cell is configured and is waiting for some external event.

The state transition can be explained as follows:
1 –  A SMMS cell can transit from unconfigured state to a configured state and starts executing directly.
2 – A SMMS cell can be returned back to unconfigured state once its functionality is completed.
3 –   A SMMS cell transits to freezed state directly once it is configured or modified.
4 –    A SMMS cell can go to freezed state it if has to be triggered by an external event or signal from other cell.
5 –   A SMMS cell can return to executing state once   

        it is activated by an external event.
B. Self-modifiable mixed-signal cell array

     The Oscillator and PLL module provides clock signals to all the on-chip modules. The SMMS cell array consists of self-modifiable cell. Each cell can be connected to each other through the programmable interconnect (PI). The configuration data for each cell is stored in the configuration flash memory. The cell is 
[image: image2]connected to the external world via the I/O pads. To investigate the resource and architectural requirements of SMMS cell, a prototype chip is currently under development.
V. DESIGN REQUIREMENTS
     A hardware configuration (HC) is a functional or logical circuit that contains its own configuration and state information. It forms a piece of logic that can be executed. HCs are position-independent, or relocatable, to allow the embedded system designers to execute the hardware logic from any convenient and available position within the SMMS cell array. The relocatable HC is shown in Fig. 5.
     This necessitates a few assumptions to be made. First, if relocatable HCs are used, it is desirable to add constraints on their size and shape. These constraints limit the number of possible positions and SMMS cells required for a particular configuration. However, the best constraints require that all HCs be rectangular in shape and have edge lengths that are multiples of SMMS cell size, which may be any convenient number of cells. Second assumption is regarding HC interfaces. The requirement is that inter-cell routing be made easier by defining standard interfaces between them. It also paves the way for HC re-use. By standardizing the interfaces of all HCs, it is possible to maintain libraries of frequently used configurations.
     Due to dynamic nature of self-modifiable systems, it is advantageous to have software aid the process of modification. The embedded software that runs in the RTCM module manages the execution and modification of multiple SMMS cells. HC may have priorities, deadlines, contexts, etc. It is the job of the RTCM module along with the embedded software to organize this information and make decisions based upon it. Also, 
[image: image3]the modification decisions must be made while the system is running. This will allow the designers to write the configuration description at a very highest level of abstraction. Once the system starts to execute, the RTCM module must continuously monitor the SMMS cells’ status. Thus we can make the system to be generic.
VI. CONCLUSION
     Self-modifiable architecture is a new paradigm that promises higher performance and superior flexibility compared to traditional computing systems. Many embedded applications have computation characteristics that match the advantages of self-modifiable computing. In this paper a novel SMMS-SoC architecture is proposed, which consists of real-time circuit modifier and self-modifiable mixed-signal cells. We provided a broad introduction to different facets of reconfigurable computing. Distinguishing characteristics of self-modifiable computing architecture are outlined together with their classification. The challenges for efficiently designing this architecture to deliver high performance are also described. This architecture offers a variable level of modification granularity and has a transparent architecture.
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Fig. 1. Classification of hardware cores according to configurability.
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Fig. 2. SMMS-SoC functional block diagram.
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Fig. 3. Real-time circuit modifier module.
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Fig. 4. State diagram of SMMS cell.
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Fig. 3. Real-time circuit modifier module.
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Fig. 5. Hardware configurations are relocatable.





HARDWARE CONFIGURATION





HARDWARE CONFIGURATION





SYSTEM BUS





SMMS cell array





SMMS cell array









