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I mplementation of logic circuit of compositional microprogramming contr ol
unit with elementary operational linear chains on custom-made matrices

The modified method of compositional microprogramming control unit realization on custom matrix
is proposed. Analysis of proposed method and results of modeling for flow-charts of control algorithm

are given.
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Introduction

The properties of the interpreted control
algorithm have great influence on the hardware amount
of corresponding control units. One of such properties
is the existence of operational linear chains (OLC)
corresponding to the graph-scheme of algorithm (GSA)
paths, which include operator vertices only [1]. There
are many of the approaches for linear graph-scheme of
algorithm interpretation and one of them is the use of
compositional microprogram control units (CMCU),
which can be viewed as a composition of the finite state
machine and microprogram control unit [2]. In this case
control unit can be implemented as composition of
automaton with “hardwired” logic, realizing addressing
of transitions between OLCS, and automaton with
“programmable” logic. The given article explains the
method of CMCU synthesis with optimization of
CMCU with elementary OLC on custom-made matrix.

The purpose of the research is realization of
logic circuit of control unit on custom-made VLS| as
interpretation of linear control algorithm.

The task of the research is development of
method to optimization for CMCU  with
microinstructions elementary OLC that allows reducing
the area of custom-made matrix for itslogic circuit. The
control agorithm is represented in the form of GSA.

Basic definitions and general provisions

If al OLC o4e C have only one input , then an
address of OLC input will be equal to “0".So, we don't
need to write code into counter .Operational linear
chain with one input is called elementary OLC.
Transformation of microinstruction addresses is
oriented at the reduction of hardware amount in CMCU
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logic circuit. In this method we will construct the set of
elementary OLC and encoding the elementary OLCS
and the components, later we will use the
transformation of microinstruction addresses  of
operational linear chains outputs into codes of the
classes of pseudoequivalent OLC.

Let the set of inputs be B, ={b,,...by,_;}, and

A(bq) be a binary address of microinstructions
corresponding b, e B, includes Ry =[log,M |,
M =|B|, where M is the tota number of
microinstructions kept in control memory, and Rg lets
for their addressing. And set of conditional vertices B, .
Vertices b, € B, contains microoperations Y(b,) Y,
where Y ={yj,...., Yy} isthe set of microoperations. In
the vertices b, e B, elements from the set of logic
conditions X ={x,....,X } ae contained. Vertices
GSA are connected by arches <b[,bq>, forming the

classes set of pseudoequivalent for elementary OLC
E ={E1,..., Ed} . Any OLC a4 can has more than one
input, let's designate j-it input OLC a4 like Ig, every
OLC has only one output O, entering in the set
0={0,,..,0Og} of OLC outputs.

C={m,..,05} isaset of operator vertices of
initial graph-scheme of algorithm GSA with minimal
possible G with out elementary, Cg ={ey,...05 } isa
set of elementary OLC of GSA, including Gg
elements.
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Each OLC a4 € C corresponds to a binary code
K(eg) with the following number of bits:
R, =[log, G, €
where G =|C|.
Let L, be the number of componentsin OLC
a4 € C. Wefind the following relation:
La = max(Ly,...,Lg) - (2)
Let us encode each EOLC ¢y € C¢ by abinary
code K(eg) with
RS =log, G| ©)
bits and use variables 7, € 7 for this encoding, where
|7| = R . Let components b, e D9 of OLC ¢y C be
encoded by binary codes K(b,) with the following
number of bits:
RS =[log, Lmax |. 4
Let some variables T, e T, where [T|=R;, be
used for this encoding. Let us encode the components in
such a way that any pair of adjacent components
b.b;e D%f OLC ageC, where (b,b)eE,
satisfies the condition:
K(by) = K(by) +1. ®)

In this case an address A(bq) of

microinstruction, corresponding to vertex b,e DY
(9=1,....., Gg), can be represented by a concatenation

of the OLC codes o,eC and by its component
K(by):

A(by) = K(ag)* K(by) (6)

Where * is a sign  concatenation. CMCU

implemented on FC with elementary OLCs or with

EOLC, we denote by symbol Ug in (Fig. 1.), where

CMCU is built using principle of codes division with

optimal coding of EOLC, in fig.1. structural diagram of
CMCU Ug is shown and represents basic of the

CMCU with EOC.

On a Start signal in RG and CT zero codes are
written; on signa y, CT:=CT+1, addressing the next
component of OLC; if yo = 0 CT:=0 ,which corresponds
to input of the next OLC.
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Fetch

Figure 1. Structure of CMCU with elementary
EOLC.

In the CMCU UE , combinational circuit CC

implements the following input memory functions for
counter CT

¢=¢(z,X) (7)
and input memory functions for register RG
v =y(r,X). (8)

Control memory CM of CMCU U E implements
the system of output functions

Y =Y(,Y) 9)
Yo =Yo(z.T); (10)
Ye =VYe(7,T).

Method of synthesis of CMCU U E includes the
following stages:

1) Addition of y,,yg to transformation of
initial GSA.

2) Construction of the set elementary OLC CE
For GSA U E-

3) Encoding of elementary OLC o« € CE and

g

the components for elementary OLC “g € CE .

the on
elementary

Classes of
oLC

4) Construction of
pseudoequivalent for

E={E.E5.E5 By}

5) Optimal encoding using karnaugh map apply
on Classes of pseudoequivalent for elementary OLC
E={E|.E,.E3.E,}.

6) Construction of the control memory content.

7) Construction of transition table U E-

8) Synthesis of logical circuit of CMCU U E-
Matrix realization of CMCU with elementary

operational linear chains on custom-made
matrix

For implementation of the CMCU scheme on
custom-made matrices we proposed to represent the CC
circuit in the form of conjunctive matrix M; and

digunctive matrix M, , CM is presented as matrix M3
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and disiunctive matrix M, while the converter device

isintroduced as Mg matrix_(Fig. 2):
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Figure 2 —Matrix realization of CMCU U E

From Fig. 2 we can calculate S5y ,» Where
Lycy istheareaof CMCU U

£

Stmcu = Su, +Su, +Sw, +Su, (11)
Su, =2* (L+R3)* Hg (12)
Sw, =HS*R; 13

S, = 2% (RS +RO)* H(RG+RE) (14
Su, = 25 (N + 2) (15)

Example of application of CMCU with
elementary operational linear chains on
custom-made matrix

Let us take the example for explaining the
idea of our method by applying the stages of
synthesis of CMCU UE (Fig 3). In the first stage

we should add Yo :CT =CT +1, yg : End of reading

ROM, and determine the set of microoperations
Y:{yl,....,y8}, this is meaning the number of

microoperations N=8. And the set of logic
conditions X ={x,X,} , L=2, where L is the number
of logic conditions. And the set of microinstructions
B, ={by...b;}, M=18, this is leading
Ry =[l0g,18]=5. We will notice the number of

OLC with out elementary G=4, R,_, but the
number of OLC with elementary Gg =5, Rg =3,

7, ={71,75,73} . Loy =4, RY =[log,4], RC=2,
T, ={T,,T,} . WhenRg, R}, R] will be known, we

should give attention to Rz must be equal to

R2+R§.

On second stage we will construct the set of

elementary OLC CE for GSA UE,

CE ={af,a§,a§,a2,a§}.

RORERINS ]

Y3¥e¥3¥z

End

Figure 3 — Initial GSA for CMCU U E
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IOn third stage we should encode the Table 3. Control memory content CMCU U .
elementary of OLC “g € CE and the components Address Content B, d I O,
for elementary OLC ay € Cg and itis show iniin 7175731 T lyayilyayayaysyeyyeyeBi| Cg 1404
table 1. 00000 |1/1/0|0|0|0/0/0|0|0|by| & [Is| -
Table 1. Microinstruction addresses for CMCU U E
00001 |1|0(0|0|0|1]|1|0|1|0|by| &€ |-| -
o |af| o | a5 | ok | at|at|as |k 14
T\ 000|001 | 010|011 100|101 110|111 00010 0(1/0/0{1|0|0|0(0|bs af - 104
00 | b | bbb by > |*|* 00011 [o]o|o]o]ololo[o[o[o] - | - [-]-
0L bbb byjbis| *|* |~ 00100 (1/0|0[0|1|1/0[0|0|0 b4 x| -
10 b * * *
n 23 = 29 Ej Z‘i — 00101 [1/0/1/0|0|0|0[0|0|0|bs| ey’ |- -
3 7
00110 {0/0|0|0|0(0|0|1|1(0|bg| &2y°| - O
On fourth stage we will Construct the Classes oo111 |olololololololololo| -] - [-I-
of pseudoequivalent for elementary OLC: e
E:{El,EZ,E3,E4}, Elz{al}’ Elz{aZ}’ 01000 |1]0|0|1|0|0|0|0 Oblocx4 I3 -
Ey={a,}, E ={og.ac}. 01001 |1/0[1/0/0|0|0(1(0|0 by, - | -
And on fifth stage we will apply the optimal el |
encoding using the karnough map on Classes of 01010 |1/0/0/1)1/0]0|0|0]0lb1z 074
pseudoequivalent elementary oLC 01011 |0|0|o|1|0[0]1|0|1|1 by a4e 'e}
E={E}.E,,E5,E,} (Table2).
01100 |1/0|0|0|1/0|1(0|0|0)by| |l -
Table 2.optimal encoding for Classes of e
pseudoequivalent. 01101 |1/1{1{0(0|1/0|0|0|0|bg oz || -
{olg 01110 |0/0|1|1/0|0/0|0[0|0|bs| z5®|- (04
00 [ 01 | 12 | 10 01111 |0|0|0|0|0|0|0|0|0|0] - | - |-|-
1 10000 1100001000b140(5€I5-
10001 1100101100b150(5€--
0 o | o5 | o5 | e
10010 |1/0/0|0]0(0|0|1(0|O|orq &2°|-| -
e
1 o lag| s . 10011 0011100001b170(5 - 105
Table 4. Transitionsfor CMCU U E with optimal
encoding.
K =T.ToTq, K(E,) =7,7T57,, K(b
(By) =717573 (Ep)=717573 e ke 14 b, (bg) Xp| 4 |ne
K(Eg) =TT K(E4) =%y BEEEEW S
| 011 | 00 | X; |D,D4q| 1
On sixth stage we should build the control E, | 77,7 4|7 117273
Y230 b X,| D
memory content (Table 3.) 2| P | 001 | 00 1 3 | 2
With the table we can build system function, [ 100 | 00 | X D 3
for example: e laas 5 bl4 2 1
Dy =F3vFg =TT v iyTpT3-  (16) 2112311 bl 010 | 00 |X,| Dy | 4
In seventh stage we should build transition
table U (Table4) Es| q5% |lg|by| 100 |00 | 1| Dy |5
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Results of the modeling
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Conclusion

Our suggested method aims to markdown in
hardware amount, used area of the custom-made
matrices. The method is based on optimal encoding
of the classes of pseudoequivalent OLC allows to
reduce of the transition table lines in comparison
with CMCU with base structure. Our method will be
effective for any GSA if it has optimal encoding in
of pseudoequivalent for elementary OLC, where

number of ¢ should be 2"'<Gg<<2", we

should notice the initidl GSA has Ry =Rj+R;,

RS =R,, and if it is possible to get on minimal
amount of OLC code.

References
1. Barkaov A.A., Titarenko L.A. Synthesis of Operational and Control Automata. — Donetsk: Unitech, 2005. — 256

53

2. Barkalov A.A., Titarenko L.A. Logic Synthesis for Compositional Microprogram Control Units Berlin

Haoitiwna oo peoaxyii 30.01.2011



