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A variant design of in-circuit emulators for different types of microprocessors and microcontrollers is considered. The generalized structure of the design along with the results of approval testing of the ANT-97 in-circuit emulator for the MCSS1 family of microcontrollers are described.
1. INTRODUCTION
At the present time, it is not possible to design different types of digital devices on the base of microprocessors and microcontrollers without use of a diverse range of software and combined hardware-software debugging tools. In-circuit emulators are among the most highly developed hardware-software tools for integrated debugging. The emulator is connected to a system undergoing debugging or testing in place of a target microprocessor or microcontroller. By means of such devices it is possible to maintain flexible control over the behavior of the system through the debugging process, and collect data on the state of its different objects, execute user programs in different modes, for example, in real time (continuous execution of programs from a specified address), in increment mode, or in a mode characterized by operation halts according to a specified condition. By means of in-circuit emulators it is possible to emulate not only a target processor, but also memory, clock generators, and input-output devices. Usually, debugging is performed from the very start using emulator nodes that function in place of the blocks of the system that is being debugged. In the course of debugging there occurs gradual replacement of the nodes of the in-circuit emulator by the corresponding blocks of the user device [1].
Thus, in-circuit emulators constitute an extremely powerful tool for integrated debugging of microprocessor systems.
2. STRUCTURE OF IN-CIRCUIT EMULATOR
The structure of the in-circuit emulator that is being considered here (Figure 1) is in the form of a series of modules. The base module is built around an emulator memory, halt point controller, memory map controller, device for data communication with the computer, a control unit, as well as address and data bus buffers. The target processor and clock-pulse generator are exported to a separate plug-in module. By virtue of this type of construction, different types of microprocessors and microcontrollers may be emulated using the same base module and modules supplied with corresponding processors.
[image: image1.png]Figure 1. Modular structure of in-circuit emulator.





A computer is used to support user interaction, program input, editing and storage, mapping of the current status of the system that is being debugged, and debugging process control.
At the start of the debugging session, the user program is loaded from the computer into the emulator memory. A special monitoring program is also loaded into the emulator memory. The monitoring program is used to transfer data about the state of the internal resources of the system into the computer through the data exchange device and, if necessary, set new values in these resources. Next, information about addresses based on which the halt points are established, are loaded in the halt point controller, and information about the distribution of the address space between the emulator and the user device into the memory map controller. Following this step, control is transferred to the target processor and program execution commences. The program is executed in one of the three following modes:
• in real time, in which case the program is executed in exactly the same way, except for the fact an ordinary processor is used in place of the in-circuit emulator (in this case information about the state of the internal resources of the system is not collected, and it is not possible to control the state of these resources until program execution is interrupted at the user's request;
• in increment mode;
• in a mode with halts according to specified conditions.
In the latter two cases control is periodically transferred to resident housekeeping monitoring routines.
3. ANT-97 IN-CIRCUIT EMULATOR
The structure that has been described above was applied in implementation of the MCS51 family of microcontroller emulators. The device was designed at the Skorina State University in Gomel and has now been made ready for production at the Shlyakh Multifunctional Enterprise [2].
The emulator is intended for use under the control of a personal computer, and is designed to be linked to the computer's parallel port (the port must support bidirectional data transfer).
By virtue of the ANT-97 modular construction, it is possible to use the device as an emulator of different microcontrollers belonging to the MCS51 family, as well as an emulator of read-only memory.
Emulation to 62 Kbytes of program memory and up to 62 Kbytes of data memory is supported. In addition, hardware support for 62 Kbytes of unconditional halt points for accessing program memory or data memory is provided.
Transfer of control to the monitoring program is realized by means of one of the external peripheral devices.
ANT-97 supports reading and modification of the contents of the internal register of the microcontroller, the contents of the external data memory location, the internal memory dump of the microcontroller, and transfer and return from idle mode. If the microcontroller is in the idle mode, program memory and data memory, memory maps, and the position of the halt points may be modified without having to reset the microcontroller and begin execution of the user program anew. This feature makes the debugged system extraordinarily flexible.
A special connector for maintaining control over the debugged system by means of an oscillograph is provided. . __
ANT-97 emulates a microcontroller with certain limitations. Specifically, addresses F800h — FFFFh of the address space of the program (data) memory, one of the external interrupts (INTO or INT1), and 9 bytes in the stack are reserved for the needs of the emulator. Leads P3.6 and P3.7 may be used only as access strobes to the external data memory; ports PO and P2 may be used only for purposes of external memory access.
The last limitation may be gotten around if microcontrollers supplied with an additional bus by means of which the program memory or data memory may be accessed for purposes of emulation.
4. SOFTWARE FOR ANT-97
The software for the ANT-97 is based on the INTER built-in multifunctional debugger [3-4].
The debugging environment possesses a standard interface (menu, multiwindowing, mouse support, context-sensitive help, color setting, service, etc.).
By means of the support system it is possible to input, edit, and execute a program in the same window. Sets of standard devices that are natural with the best of modern debuggers are supported. Moreover, the debugging environment includes an entire spectrum of nontraditional capabilities that substantially increase the efficiency of the system designer in the search for and elimination of errors.
Increment debugging technology is the most important of the proposed nontraditional tools. Compilation of the initial text of a program is carried out in the background, i.e., during program editing, during window reassignment, during help window scanning, etc. When program execution commences, only those program segments that have still not been processed are precompiled. Debugging is performed on the basis of the initial text of the program. If the user replaces a particular segment of the program once an error has been detected, only this segment is trecompiled, a strategy that ensures instantaneous transition from editing to execution, and back.
A second important nontraditional capability is that of visualization of the system designer's concepts, by which is understood the system designer application of the concepts of the task instead of abstract numbers. To implement this method the user is asked to specify enumerable types, i.e., to assign symbolic names to numbers and expressions. Screen simulation of the displays and indicators of existing devices may be achieved in the form of graphics windows.
Still another useful tool in the debugging environment is the mechanism of "shadow" commands. These are commands that are input into the comment fields by means of which values are assigned to different objects of the microcontroller and the devices which are being designed (e.g., registers, memory cells, etc.), events are simulated (in particular, with a specified probability), and the correctness with which definite program segments are executed checked.
The capability of describing an already developed system by means of a metalanguage and of conducting the debugging process in an already described software model are also implemented. This makes it unnecessary to create prototypes of products at early stages of the design process.
It is also planned to include an ANSI C program compiler in the software set for ANT-97.
5. CONCLUSION
Through the use of the in-circuit emulator which has been described here, the system developer is able to sharply reduce the times required for the design of systems based on the Intel MCS51 family of microcontrollers, especially in conjunction with powerful software tools.
Studies are being conducted on application of the approaches presented here in a general-purpose emulator. It is expected that the use of a unified base block will lead to substantial reduction in the time and material costs required for development of debugging systems used in the most diverse types of microprocessors, microcontrollers, and digital signal processors (DSP).
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