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1 Introduction
Chapter 5 of “computer architecture and organization” by Murdocca and Heuring (ISBN 978-0-471-73388-1) describes a detailed data path and micro-programmed controller of a subset of the ARC processor of chapter 4. This VHDL description models this subset ARC processor. There are some minor changes made:

1. The system is synchronous on the falling_edge of the clock (“D-flipflops”). Hence the timing relation shown in figure 5-14 is not used. Also gated clocks, see figure 5-8 page 159, are not used in this design. A behavioural (and synthesizable) description of the register file is used.
2. Figure 5-10 (page 161) has in the top right corner an address incrementer (CSAI). This incrementer should have a register otherwise a combinational loop occurs when “Next (00)” is used. I assume the clock line (dashed line) is missing in this figure.
It is assumed that the main memory is fast enough. It can deliver data in one clock cyle (ACK is always ‘1’). If the memory needs more cycles its not trivial where to hold the processor. Page 167 states that the CSAI should not increment if ACK is not asserted. However Next address is also used if there are no read/write operations. Most natural place would be to use ACK as a condition to test on (like the PSR bits). Assuming that in a micro word with an asserted RD or WR no other ‘actions’ are taken place in the data path some additional logic could be added that the current micro address remains the same if the following condition 
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occurs.
3. The decoding of the instruction is changed a little. Fig. 5-13 shows the format and also a discussion on decoding is given on the top of page 168 (SETHI). Page 168 explains that SETHI can result in 8 different micro addresses and only the lowest is shown in fig. 5-15 (reason: a part of the imm22 field is used for decoding). In the second paragraph on page 168 an alternative is given (no duplication of micro code). The latter methode is implemented. The following decoding scheme is used:

OP field 00; SETHI/Branch
+---+---+---+---+---+---+---+---+---+---+---+
| 1 | 0 | 0 | 0P2 field | 0 | 0 | 0 | 0 | 0 |
+---+---+---+---+---+---+---+---+---+---+---+

OP field 01; CALL
+---+---+---+---+---+---+---+---+---+---+---+
| 1 | 0 | 1 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 |
+---+---+---+---+---+---+---+---+---+---+---+

OP field 10/11; Arithmetic/Memory
+---+---+---+---+---+---+---+---+---+---+---+
| 1 |  OP   |     OP3 field         | 0 | 0 |
+---+---+---+---+---+---+---+---+---+---+---+

4. In this design PSR has only a width of 4 bits; the status bits of the ALU:
n, z, v, and c.

5. Microstore, figure 5-17, is not correct at the addresses 8, 9 and 10. Operand B is 100100 but is should be 100101 (IR). Figure 5-15 is correct for these lines!

6. Microstore, figure 5-17, is not correct at the address 1688. The jump condition should check on IR[13]. Figure 5-15 is here correct.

7. A solution for question 5-20 is added (otherwise all programs with a branch would fail). At micro address 4 a jump is made to address 30. At the addresses 30 and 31 multiplication with 4 is implemented and the micro program resumes at address 5. 
The VHDL description of the ARC processor is synthesizable (although the emphasis is on readability of the VHDL description!). The initial values of the register files are often ignored during synthesis. During simulation the initial value of pc (R[32]) is used. The main program starts at address 0 in the main memory.
The Model of the main memory that contains the program is not synthesizable. The user’s program is simply loaded in the main memory during initialization.
The next chapter will discuss:

· How to fill the microstore

· Compilation order of the ARC Processor (synthesizable part)

· How to simulate a program in combination with the ARCTools

· Compilation order of ARC Processor with main memory
· Simulation

2 How to fill the microstore

The contents of the microstore is stored in the file: microstore.asm
This file is based on the micro assembly shown in figure 5-15 (Murdocca, Heuring).
Note:
It would be nice to have a micro assembler that generates the microstore.asm from the micro assembly. Advantage: the user can easily extend/change the microcode.

/ microstore

ORG 0

10000001000000100101010010100000000000000 / Read an ARC instruction from main meory

00000000000000000000000010111100000000000 / 256-way jump according to opcode

/ sethi

ORG 1152

10010100000000000000100101011011111111111 / Copy imm22 field to target register -> goto 2047

ORG 1280

10000001000000001111000010100000000000000 / Save %pc in %r15

10010101001010100001000100000000000000000 / Shift disp30 field left

10000101000010100001000100000000000000000 / Shift again

10000001000010100000000100011000000000000 / Jump to subroutine -> goto 0

Figure 1: part of the microstore.asm
In the simple ARC processor most of the addresses of the control memory are not used. The file microstore.asm contains the ‘used’ contents of the microstore. No exception handling for illegal instructions.
A simple syntax is used for the microstore.asm (figure 1):
1.
Lines that start with / are ignored (comment)

2.
Lines the start with ORG instructs the assembler that the data is to be stored at the indicated address.

3.
Data line. A data line should contain at least 41 zeros/ones. These 41 bits are stored in the microstore at the address indicated by the preceding ORG instruction or on the next address after the previous data line. The text after the 41 bits are ignored (could be used as comment).
The user can change the contents of the microstore; e.g. adding an instruction

To keep it all within the same environment a simple micro assembler was written in VHDL (microasm.vhd). Minimal error control is included. Included is:
-
overwriting the contents of the same memory address (nice feature if the user add or changes an instruction and erroneously overwrite micro code).
-
lines that does not start with /, ORG or 41 bits.

The design entity microasm will generate the architecture of the microstore: microstore_bhv.vhd
(This files should be compiled after microstore.vhd. In this way it is possible that only the microstore is filled with new data without compiling the other part of the design.)
3 Compilation order of synthesizable ARC processor
The compilation order for the ARC Processor (synthesizable part) is:

· utilities.vhd 

· registerfile.vhd

· datapath.vhd

· microstore.vhd

· control.vhd

· ARCprocessor.vhd

· microstore_bhv.vhd
4 How to simulate a program used in the ARCTools

From the ARCtools the generated bin file is used. 
The example programs are located in directory programs. The generated bin files are located in directory programs/generated_bin_files.
You could simply rename a generated bin file in program.bin and copy that file in the directory with the VHDL source files.
In the architectural description of the main memory this file (program.bin) is loaded as initial value of the memory.

Note 1:
The address range that can be simulated is not the whole 232 addresses. Only the range 0 to max_address (generic) is supported. The program should start at address 0.
Note 2:
The entity description of the main memory should be compiled first (main_memory.vhd). A separate architecture makes easy switching between programs possible; only the architecture is to be compiled. 

5 Compilation order of ARC Processor with main memory

In addition to the compilation of the synthesisable files, compile:
· conversion_utilities.vhd

· main_memory.vhd
· main_memory_arch.vhd

· processor_with_memory.vhd.
The last instruction is the HALT instruction (FFFFFFFF). According to the rules (fig. 5-13, page 163) this results in micro address 2044. In the control (control.vhd) the procedure show_instruction prints the exection that will be executed next (DECODE). If the address is 2044 simulation will stop (VHDL assertion with a failure).

Note:
The micro address 2044 is a valid micro address. Be sure not to use this address for a micro instruction. Another solution is to remove the assertion on address 2044, and end the program with an infinite loop.
6 Simulation

For simulation a script file for ModelSim/Quastasim is available: sim.do.
This script:

1. Creates a clean working library
2. Compilation of all files
3. Simulation of the processor with memory. Many interesting signals are shown in the wave window.

If only the program (program.bin) is changed. It is only necessary to recompile the file
main_memory_arch.vhd and restart the simulation.
If the micro program (MicroStore.asm) is changed it is only necessary to simulate MircoAsm (in MicroAsm.vhd) and recompile the generated file microstore_bhv.vhd and restart the simulation.
Note: The entity description for the processor with memory description has to two generics.

       ENTITY processor_with_memory IS

         GENERIC (max_address_main_store : integer := 400;

                  ProgramFile : string := "program.bin");

       END ENTITY processor_with_memory;


In stead of the default main memory size and and name of the program file you could invoke the simulator with the specific memory size and name of the bin file,
7 Corrections
Students reported two bugs. The corrections in this version are:
1. In the data path (datapath.vhd) the zero condition was not correctly determined. It included also the carry out bit.

2. To load the main memory with a program a function fill_memory (file main_memory.vhd) is used. This should be impure function.
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