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The new design method for compositional microprogram control units with code sharing is proposed. The method targets on reduction in the number of PAL macrocells in the combinational part of control unit with the help of logical condition replacement. Some additional control microinstructions containing codes of the classes of pseudoequivalent chains are used for operational linear chains modification. Proposed method is illustrated by an example.
Introduction

One of the most important blocks of any digital system is its control unit [1] responsible for interplaying of all other system blocks. If an interpreted control algorithm is a linear one, it can be interpreted using the model of compositional microprogram control unit (CMCU) [2]. Recently, the complex programmable logic devices (CPLD) are widely used for implementation of logic circuits [3, 4]. One of the important tasks connected with control unit design is minimization of hardware amount. In case of CPLD, this task can be solved due to decrease of the number of Programmable Array Logic (PAL) macrocells. To solve this problem, the number of terms in sum-of-products (SOP) should be diminished for address functions of CMCU [3, 4]. Some development of this approach is proposed in our article, based on the logical condition replacement [2].

The aim of the work is the optimization of CMCU combinational part due to introduction a field with codes of POLC classes, as well as use of the logical condition replacement. The task of the work is development of CMCU synthesis method, allowing decrease for the number of PAL macrocells in comparison with known methods of CMCU synthesis [4]. A control algorithm is represented by a graph-scheme of algorithm (GSA)[8,9].
Background of CMCU with code sharing
Let a control algorithm to be interpreted be represented by a graph-scheme of algorithm (GSA) 
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[5].Let this GSA be characterized by the set of vertices 
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 and the set of arcs E, where b0 is an initial vertex, bE is a final vertex, E1 is a set of operator vertices, and E2 is a set of conditional vertices. Each operator vertex 
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 is a set of data-path microoperations. Each conditional vertex 
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 is a set of logical conditions (input signals). A GSA 
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 is named a linear GSA [2] if the number of its operator vertices exceeds 75% of the total their number in GSA.

Let the set 
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 be constructed for GSA 
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 is an operational linear chain (OLC) [2]. Any component 
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. Each OLC 
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 has only one output 
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 and the arbitrary number of inputs. Formal definitions of OLC, its input and output can be found in [2]. Each vertex 
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 kept in the cell of control memory (CM) with address 
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bits for microinstruction addressing, where 
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bits and variables 
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 be used for such encoding, where 
[image: image36.wmf]1

R

=

t

. Let each component 
[image: image37.wmf]1

E

b

q

Î

 be encoded by binary code 
[image: image38.wmf])

(

q

b

K

 having



[image: image39.wmf]é

ù

Q

R

2

2

log

=


 (3)

bits and variables 
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 be used for this encoding, where 
[image: image41.wmf]2

R

T

=

. Encoding of components is executed in such a manner that condition
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takes place for each OLC 
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takes place, then the model of CMCU with code sharing U1 can be used (Fig. 1,a).

In CMCU U1, a block of microinstruction addressing (BMA) implements the system of input memory functions for counter CT and register RG: 
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Let us point out that in the case of CMCU U1 an address of microinstruction is represented as the following one:
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where 
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 is a component of OLC 
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 and “*” is a sign of concatenation. The CMCU U1 operates in the following order.

If Start=1, then an initial address is loaded into RG and CT. A flip-flop TF is set up which causes Fetch=1, then microinstructions can be read out of control memory. Each cell of CM keeps microoperations 
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, then flip-flop TF is reset, signal Fetch=0 and operation of CMCU is terminated. It corresponds to transition from the vertex 
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Let us point out that OLC 
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 are pseudoequivalent OLC [2] if their outputs are connected with input of the same vertex of GSA 
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. The hardware amount in logic circuit of BMA can be decreased due to introduction of a special block for transforming the OLC codes into the codes of the classes of pseudoequivalent OLC (POLC) named as a code transformer (TC) [2]. But TC consumes some resources of the chip in use.
In this article , we propose to decrease the complexity of code transformer due to using of free resources of EMB. The logical condition replacement is proposed for decrease of the number of PAL macrocells in the logic circuit of BMA.

Main idea of logical condition replacement
Let 
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Let us use variables 
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In (9), q is the number of words of EMB when 
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It is possible to have 
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These free outputs can be used for representation of the codes 
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Obviously, there is a field 
[image: image83.wmf]FY

 in the microinstruction format, containing hot-one encoded collections of microoperations and variables 
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Let 
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. In this case, the method of logical condition replacement [9] can be used, when the logical conditions 
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 in the microinstruction format, as well as the logical condition replacement. The structural diagram of CMCU is shown in Fig. 1,b.
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Fig. 1. Structure diagram of CMCU 
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In the CMCU 
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These functions are used for logical condition replacement. The block BMA implements functions
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whereas the control memory implements the truth table for functions
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The following method of CMCU 
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 synthesis is proposed in this article: 1. Construction of the sets 
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. 2. Encoding of OLC, their components and classes 
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. 3. Replacement of logical condition 
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. 4. Construction of CMCU transition table. 5. Construction of the content of control memory. 6. Synthesis of CMCU logic circuit.

In CMCU 
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 logic circuit for blocks BLC and BMA are implemented with PAL macrocells, whereas the control memory is implemented as a collection of EMB.

Conclusions
The proposed method of CMCU logic circuit optimization uses three following factors: existence of the classes of pseudoequivalent OLC (it allows decrease for the number of CMCU transitions in comparison with it’s base model [4]); existence of the free output of EMB forming the control memory (it permits representation of the codes of POLC classes without the special block of code transformer); logical condition replacement permitting decrease for the number of required inputs for the block BMA (it can result in decrease for the number of macrocells in the logic circuit of BMA).

Obviously, the block BLC adds some delay in the time of cycle in comparison with the CMCU 
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. Therefore, the proposed approach can be applied if it results in the less hardware amount than for equivalent CMCU 
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. Besides, even in this case we can apply the method if it gives required timing characteristics for a resulting digital system.
The scientific novelty of proposed method is determined by use of the classes of pseudoequivalent OLC and free resources of EMB for decreasing the number of macrocells in block of microinstruction addressing with the help of logical condition replacement. The practical importance of the method is determined by decrease for the number of macrocells and EMB in CMCU logic circuit. The future development is in trying to use proposed method for the basis of Field Programmable Gate Arrays (FPGA) and in design of CAD system for synthesis of CMCU.
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