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Optimization of the Addressing Scheme in Compositional
Microprogram Control Unit with Code Sharing

A method for reducing the hardware amount in the scheme of compositional microprogram control
units (CMCU) with code sharing is proposed oriented to FPGA technology. The method is based on
the use of three sources for encoding of pseudoequivalent OLC classes, and a multiplexer, which al-
lows choosing one of these sources. Such an approach would reduce the number of LUT elements in
the addressing circuit of CMCU. Application of the specified method to the finite state machine of
addressing CMCU, under its implementation with FPGA, leads to reduction of the number of LUT-
elements in the circuit of the control unit. Results of the research of the developed structures are
represented, allowing defining their efficiency and the area of optimum application. An example of

the proposed method application is given.
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Introduction

The compositional microprogram control units
(CMCU) are an effective tool for implementation of
the linear control algorithms [1,2]. One of the CMCU
models is the model with sharing of the codes [3],
allowing under certain conditions to reduce hardware
expenses in the scheme of microcommands address-
ing. Now chips like FPGA (field—programmable gate
arrays) are widely used for implementation of digital
devices schemes [4,5]. The basis of these VLSI's
(Very Large Scale Integration circuits) is represented
by the macrocells of the plate type, called LUT
(look—up table). As a rule, LUT-elements have lim-
ited number of inputs (4-6) [6,7]. For the reduction of
the number of LUT in the scheme CMCU it is neces-
sary to reduce the number of arguments and terms in
system of functions of addressing of microcommands
[1,8]. In the real operation one of the approaches to
the solution of this task, based on multiplexing of
three sources of codes of classes of the pseudo-
equivalent operator linear circuits (OLC) is offered.
The offered method is the development of the results
obtained in [9,10].

The aim of this research is the reduction of the
number of LUT-elements in the scheme CMCU with
division of codes at the expense of multiplexing of
sources of codes of classes of the pseudo-equivalent
OLC's.

Obijective of the research is to develop a method
of synthesis of CMCU with division of codes, allow-

ing optimizing the addressing scheme of microcom-
mands.

The control algorithm is provided in the form of
the algorithm graphs scheme (GSA) [8]. This choice
is defined by visualization of similar representation
and wide use of the device GSA in practice of engi-
neering design.

Compositional MCU (microprogram control
unit) with division of codes

Let GSA G = G(B, E) be provided by sets of
nodes B and arcs E connecting them. Let
B =bg U bg U E; U E,, where by is the initial node, bg
is the finite node, E; —is a set of operator nodes and
E2 is a set of the conditional nodes of GSA G. In the
nodes of operator b, € E, the sets of microoperations

Y(b,) =Y are recorded, where Y ={y,,...y,} is a

set of microoperations. Let us introduce some defini-
tions [2].

Definition 1. An operational linear chain of GSA
G is the final sequence of operational nodes

o, = <bgl,...,bgFg> such that for any pair of neigh-

boring components b bgi+1 , where i is a component

gi?

of train O, exists an arch <bgi, bgi+1> =
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Definition 2. Node b, € D?, where D? is a set of
the nodes entering OLC Q. , is called input OLC Q.
if there is an arch (b,,b, ) € E, where b, ¢ D°.

Definition 3. Node b, € D? is called output OLC
O, , if there is an arch (b, ,b,) € E, where b, ¢ D°.

Definition 4. OLC «;,0;are called pseudo-
equivalent OLC, if their outputs are connected with
an input of the same node b, € B

Let for some GSA G a set of OLC
C={a,,...0.} be created defining partition in a set

E; [3], and let |E|=M. Let us match each node

b, € E, with the microcommand MI, with the ad-
dress A(b,) having digit capacity
R=[log, M] ()
Let F, = maX(Fl,...,FG) be the maximum
number of components in OLC.
Let us encode each OLC 0., € C with the bina-
ry code K(ag), having R, of discharges, where

R, =[log, G| 2)

For determination of any node b, € D® R; of the

discharges representing a code K(b, ) will be enough.
Thus

RZ = |_|ng Fmax—‘ (3)
Let the following condition be satisfied for GSA
G:

R,+R,=R @
In this case for the implementation of algorithm
G it is expedient to use the CMCU model with divi-

sion of codes (fig. 1).
For encoding OLC this model uses variables

T, €T, where |7|=R,. Codes of components are

selected so that natural addressing of microcommands
[1] could be executed. For this purpose the code of
the first component of any OLC is equal to 0, the se-
cond is 1 and so on. It is natural that these decimal
numbers are provided by their binary R,-digit equiva-
lents.

Let us designate CMCU (fig. 1) with U;.

In CMCU U; the addressing scheme of micro-
commands (ASM) implements a system of functions
of excitation of C counter and Tr trigger

O =D(r,X),
Y =¥(r,X). (5)

Thus, the address of the microcommand is as fol-

™ A=Kl JKE,). ©

where the node b, is a part of OLC o, €C,*—a

concatenation sign.

Composition MCU U, functions as follows. On
Start signal in Tr and C the initial address of the mi-
croprogram is skidded, and the trigger of selection of
TB is set in a single status. In this case Fetch = 1 and
it allows selecting the commands of the control
memory (CM). If the read microcommand does not
correspond to OLC output, the signal vy, is created at
the same time with microoperations Y(b,) . If yo = 1,

a unit is added to the contents of C and the next com-
ponent of the current OLC is addressed. If the output
of OLC is reached, yo = 0. Thus, the input address of
the next OLC is created by the scheme ASM. In case
of achieving the termination of the microprogram yg
signal is created, TB trigger is nullified, and the selec-
tion of microcommands stops.

The number of LUT elements in the scheme
ASM depends on the number of arguments and terms
in the system (5). The paper offers a method, which
allows reducing the complexity of functions in the
system (5) and reducing hardware expenses in the
scheme ASM.

The main idea of the offered method
Let OLC a, € C,, if Og is not connected to the

finite top of GSA G. Let us find the partition
I, ={B,,...B,} of the set C1 into classes of pseudo-

C

equivalent OLC (POLC). Let us perform coding
a, € C so that the greatest possible number of classes

B, eIl., where |I1.=1, would be represented by
one generalized interval of R;-dimensional Boolean
space. Let n; be the number of generalized intervals
representing a class. Let us provide a set II. as
I, =00, UII, . Thus, the sets I1, and Iy are built as
follows:
(n,=)—>B, ell,,
(n,>1) > B, eIl,. 7
The source of codes of classes B, eII, is the
register Tr. Thus, class code B, eI, is defined by
an appropriate interval of R;-dimensional Boolean
space.
Let us encode classes B, € I1, with binary codes
with digit capacity C(B;)
R, =|log, (I1,|+1)]. ®)
We use for coding of classes B, eI, variables
from the set Z:{zl,...,st}. The block of the con-

verter of codes (BCC) is necessary for the formation
of codes with C(B;).
This block realises the system of functions

Z=27Z(7) 9)
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Figure 1 — The block scheme CMCU with division of codes

Modern microcircuits FPGA incorporate blocks
of built-in memory EMB (embedded memory block)
[6,7]. These blocks have possibility of reconfigura-
tion, which is reduced to the change in the number of
inputs and outputs at fixed capacity V.

Vo =2°. tF (10)

In formula (10) variable S is the number of in-
puts, and t- is the number of exits EMB. As a rule,
the following configurations of modern EMB [6, 7]
are possible: 16Kx1, 8Kx2, 4Kx4, 2Kx8, 1Kx16,
512x32, 256x64 (bits).

This model has a number of differences from the
model U, First, the unit ASM is divided into two
units. The unit ASM; implements the transitions de-
termined by a set of ITs, and the unit ASM, — by a set
of ITa. The MSC multiplexer serves for the choice of
a source of codes, using a variable Ex. Ex determined
by the value of the variable state of the trigger TM,
controlled by the additional variable yy. The unit
BCC is a source of codes of classes for the circuit
ASMy, creating a part of this code. The second source
of code K(B,) for B, eIl is the control memory
CM. Source of codes for the circuit ASM, is the reg-
ister of Tr.

It means that parameters S and t- belong to the
following sets: Se{14,13,...8}and

t. €{1,2,4,8,16,32,64} . In case of the fixed value of

tr the number of cells in EMB is defined by the fol-
lowing formula:

V=’_V0/tF—‘ (11)

For the implementation of CM, M of cells of
EMB are enough, thus, the unit has ty, of outputs:

t, = ’_VO/M—‘ (12)
Let the following inequality take place for some
GSA G and a microcircuit of FPGA:

N+3+R,>t,>N+3. (13)

In this case AR =t,, —(N+3)discharges of a

code K(B,) it is expedient to create on free outputs of
EMB (B, e11,).

Remained R, — AR of discharges of the code are
created by the circuit BCC. It is equivalent to the rep-
resentation of a set of Z as follows:

2=2"07Z%. (14)

Variables Z eZ' are created by BCC,

Z. e Z*and variables — by CM. It is obvious that the
intersection of these sets is empty.

In this case for the implementation of the scheme
of a control unit the CMCU U, model (fig. 2) is of-
fered.

On Start signal in Tr and ST zero codes (the ad-
dress of the first microcommand) are skidded, and TF
and TM trigger are set respectively in “1” (Fetch=1)
and “0” (Ex = 0). Until the address of the input is
reached, U, functions as U;. When the address of the

output of OLC Oy € Bi is reached, the variable

ym =1 can be created. In this case Ex = 1 and the
jump address is created by the circuit ASM;.
For this purpose a system of functions is created:

O =d(Z,XY) : (

P =y (Z,XY) 15)

If B, eIl,, the variable yy is not created. Thus

Ex = 0 and a jump address is defined by the circuit
ASM,.

For this purpose a system of functions is created:

O? = D% (7, X?): (

W2 = Wi (7, X?). 16)

Appropriate functions are transferred to the out-
put of MSC and required codes K(ag) and K(b,) are
loaded in Tr and CT respectively. Functioning pro-

ceeds normally up to yg variable formation (achieve-
ment of control algorithm termination).
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Figure 2 — The block scheme CMCU U,

Such approach allows reducing the number of
terms in system (5) to absolute minimum. If
R, <R, 17
the number of arguments in system (15) decreases in
comparison with respective functions of system (5).
The drawbacks of this approach are the existence of
units MSC and BCC, consuming some resources of
the crystal, and the increase in digit capacity of words
of CM. However, the scheme MSC is implemented
using three-stable outputs of macrocells, therefore
additional LUT elements are not required.
Obviously, the application of the offered method
makes sense if the number of LUT elements in the

unit BCC is much less than the parameter A ;.

Parameter A, is defined by the difference of the

number of LUT elements in the unit and the units
ASM; and ASM,.

Implementation of the circuit CMCU U,

In real operation the method of synthesis of
CMCU U,, including the following stages, is offered:
1. Formation for GSA G of sets of C, Cy, and Il

2. Optimum coding of OLC Oy € C, and cod-

ing OLC components.
3. Formation of sets 11, and ITg.

4. Coding of classes B, € I, by codes C(Bi).

5. Formation of the transition table for classes
B ell,.
6. Formation of the transition table for classes
B, eIl,.
7. Formation of contents of the control memory.
8. Formation of the truth table for unit BCC.
9. Scheme CMCU synthesis in the given base.
Stages 1-4 are executed by known techniques [1-
3]. The stage 9 is connected with the development of
the CMCU VHDL models and the use of standard
industrial packets [6, 7]. These stages are not of spe-
cial interest in the illustration of the diagram CMCU

U, synthesis. So we do not consider these stages in
our article.

Let for some GSA G; the set of
o,cC={a,,...0} and partition
I, ={B,,....B,} be obtained. Thus, a,, ¢C,, and

classes of B, Il. are defined as follows: B, ={a,},
B, ={a,,a;,0,}, B,={a;0a}, B,={o; 0,0},
Bs ={(110,(111}, Be ={0£12}, B7 ={(113,(114,0,15}. So,
G=16,R, =4, r={z,...7,}.

Optimum coding of OLC is executed so that the
greatest possible number of classes B, e I1. could be
represented by one interval of R;-dimensional boole-
an space [1]. One of options of coding is provided in
fig. 3.

’ From Karnaugh map (fig. 3) it is possible to re-
ceive the following intervals defining classes
B, €Il.. The class B; is defined by interval 0000;

class B, — by intervals 00*1 and 001*; class Bz — by
interval 010%*; class B, — by intervals 110* and 11*1;
class Bs — by interval 011*; class Bg — by interval
1010; class B7 — by intervals 100* and 10*1.

T3T,

T 00 01 11 10

00 =31 (:0!2 O3 C-‘.'q)

01 (os | o8) | (@0 | om)

1] (o7 o og) | oue

10 (0613 4 Cfls) o2

Figure 3—OLC codes a, €C

Thus, 1, ={B,,B,,B.,B,}, where
K(B;) =0000, K(B3)=010* K(Bs)=011* and
K(Bs) = 1010. Obviously, I1, = {B,,B,,B, } and their
coding requires Rz =2 discharges. So, Z = {z;,2,}.
Let's encode classes B, €11, as follows: C(B,) = 00,
C(B4) =01, C(B;) = 10. The transition table is created
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on the basis of the generalized formulas of transitions
[1]. For example, from GSA G1 it is possible to ob-
tain the following formulas:

B, —>x1b3vx1_x2b8 VX, X,0,,; 18)
B, - x,b,vXx,b,..
Columns of the transition table include the fol-
lowing information: initial class (Bi column); class
code (for I1, it is code K (Bi), and for ITj it is C (Bi));
transition address (A(bg)); logical conditions de-
termining transition (X, column); functions of excita-

tion of triggers of the Tr register (column ¥, for Il
and W? for I1,); functions of excitation of triggers of

the CT counter (column ®: for I1, and ®; for IIg);

transition number (column h).

Let A(bs) = 000100, A(bg) = 001000,
A(by;) = 010101, A(by;) =110010. Then the frag-
ments of transition tables for formulas (13) are given
in tab. 1 and tab. 2.

Table 1. Transition table for class B, e I1,

B | KB) | Ab) | X, | ¥ | @

B, | 0000 | 000100 | x, D, | -

001000 | XX, D, -

010101 | x,x, | D,D, | De

WIN|F— |

Table 2. The transition table for class B, € I1,

B, | CB) | Ab,) | X, Y, | @, | h
B, 00 010101 | X, | DD, | Dg | 1
110010 | x, | DD, | Ds | 2

The system (15) can be obtained from the transi-
tion table for classes B, €II,. So, from tab. 2 we

have, for example,

D,=z,2,x,; D,=2,2,X,.

The system (16) can be obtained from the transi-
tion table for classes B, €II,. So, from tab. 1 we

have, for example,

6 = 1¥2%3%4
From the obtained example follow such sets:

Z'={z,} andZ?={z,}. In this case BCC imple-

ments only a part of the code K(B,). In this case Z,

discharge is implemented only.

The table BCC has columns: Bi, K (By);, C (B)),
Zy, h. Here K (Bj); is the code of the class Bi corre-
sponding to one of the generalized intervals; Zy, is the
discharges of the code C (B;) accepting single value
in h™ row of the table. For the considered example,
the number of lines Hpx = 6. This parameter is de-
fined by the sum number of the intervals representing

the codes of classes B, eIl . For our example the
unit BCC is provided in tab. 3.

Table 3. Table of address transformer unit

Bi K(By); C(By) Zy h

B> 00*1 00 - 1
001* - 2

B4 110* 01 - 3
11*1 - 4

B, 100* 10 Z; 5
10*1 Z; 6

From tab. 3 we have system (9):

Z, =T,T,T,VT,T,T,.
It should be mentioned that for the approach of-
fered in [10], BCC should also implement the equa-

tion z, =7,7,7, v 1,7,7,.
Implementation of CM unit has the following
features. The part of the code K(B,), determined by a

set of Z,, is located in cells of CM, the addresses of
which correspond to OLC outputs. This stage is exe-
cuted in a trivial way and is not considered in this
article.

Conclusion

The method of optimization of CMCU offered in
the article is based on multiplexing three sources of
codes of classes of the pseudo-equivalent OLC. Such
approach allows reducing the number of terms in the
system of functions of excitation of triggers of the
register and the counter of addresses of microcom-
mands to the greatest possible value. If the CMCU
with division of codes is considered as a Moore ma-
chine, the offered approach allows reducing the num-
ber of terms to the value of this parameter at the
equivalent Mealy machine. Besides, the number of
LUT elements decreases in the circuit of the trans-
former of codes, as not all the addresses of outputs of
OLC are subject to conversion and not all discharges
of codes of classes are created.

The drawback of the offered approach is intro-
duction of the multiplexer, which enters an additional
time delay in a cycle of operation of CMCU. Howev-
er, reduction of number of terms leads to the reduc-
tion of the number of levels in the circuit and the time
delay from introduction of MSC is compensated. The
researches conducted by the authors showed that the
offered method allows reducing to 40% the number
of LUT elements in relation to the initial CMCU.
Thus, the time of the cycle of the CMCU U, time was
always less, than at the CMCU U;.

Scientific novelty of the offered method consists
in the use of the features of CMCU (existence of clas-
ses of the pseudo-equivalent OLC) for reduction of
the number of LUT elements in the circuit CMCU
with division of codes.
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The practical significance of the method is in the cuits of smaller cost, than the analogs known from
reduction of the space of a crystal of FPGA, occupied literature.
by the circuit CMCU that allows obtaining the cir-
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