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BASED ON CPLD FEATURES

The method of hardware reduction is proposed which is oriented on compositional microprogram control units
and PAL-based CPLD chips. The method is based on a wide fan-in of PAL macrocells allowing using more
than one source of microinstruction address. Such approach permits to minimize the number of PAL macro-
cells used for transformation of microinstruction address. Conditions for this method’ application and example
of its application are given. The results of experiments are shown.
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Introduction

A control unit is one of the very important parts of
any digital system [1]. If a control algorithm to be inter-
preted is a linear one, then it can be implemented using
the model of compositional microprogram control unit
(CMCU) [2]. The complex programmable logic devices
(CPLD) with programmable array logic (PAL) macro-
cells are widely used for implementation of logic cir-
cuits of control units [3, 4]. The high cost of such de-
vices requires optimization of hardware amount in the
circuit of CMCU. One of the ways for this task solution
is decrease of the number of conjunctive terms in the
sum-of-product (SOP) forms of the functions to be Im-
plemented [5, 6]. This article proposes an approach for
this problem solution based on a wide fan-in of PAL
macrocells [3, 4]. This approach aims at CMCU with
address transformer [2] and a control algorithm is repre-
sented as graph-scheme of algorithm (GSA) [7].

1. Peculiarities of CMCU
with address transformer

Let GSA T' be represented by sets of vertices B
and arcs E. Let B={b,,bg } UE; UE,, where by is an

initial vertex, bg is a final vertex, E; is a set of operator
vertices, where |E1| =M, and E, is a set of conditional

vertices. A vertex by € E; contains a microinstruction
Y(bq)gY, where Y ={y,..,yn} is a set of data-

path microoperations [7]. Each vertex by € E, contains

a single element of a set of logical conditions
X ={Xy,...x_} . Let GSA T be a linear GSA, that is a

GSA with more than 75% of operator vertices.

Let us form a set of operational linear chains
(OLC) C={0y,..,0g} for GSA I', where each OLC

a, € C is a sequence of operator vertices and each pair

of its adjacent components corresponds to some arc of
the GSA. Each OLC o, € C has only one output O,

and arbitrary number of inputs. Formal definitions of
OLC, its input and output can be found in [2]. Each ver-
tex by € E; corresponds to microinstruction MI, kept in

a control memory (CM) of CMCU and it has an address

A(bq) . The microinstructions can be addressed using

R =[log, M (M
bits, represented by variables T, € T={T,.., Ty } . Let
OLC a, €C include F, components and the following
condition takes place:

A(bgi+l):A(bgi)+l' 2
In equation (2) bg; is the i-th component of OLC

a, € C, where i:1,...,Fg —1.

g
If outputs O;,0; are connected with an input of
the same vertex, then OLC a;,0; e C are pseudo-

equivalent OLC (POLC) [2]. Let us construct the parti-
tion I1c ={By,..., By} of the set C; = C on the classes

of POLC. Let us point out that a,eCy if
<Og,BE> ¢ E . Let us encode the classes B; eIl by
binary codes K (B;) with

Ry =[log, I 3)

bits and use the variables 1, e T1= {rl,...,rRl} for the
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encoding. In this case a GSA T' can be interpreted
using the model of CMCU U with address transformer

(Fig. ).
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Fig. 1. Structural diagram of CMCU Uj

The pulse Start causes loading of the first microin-
struction address into a counter CT and set up of a fetch
flip-flop TF. If Fetch = 1, then microinstructions can be
read out the control memory CM. If a current microinstruc-
tion does not correspond to an OLC output, then a special
variable y, is formed together with microoperations
Yq c Y . If yo =1, then content of the CT is incremented

according to the addressing mode (2). Otherwise, block of
microinstruction address BMA generates functions

O =0(1,X) 4)

to load the next microinstruction address into the CT. In
the same time, a block of address transformer BAT gen-
erates functions

t=1(T). (5)
If the output of OLC a,, ¢ C; is reached, then yg =1.

It causes cleaning of TF and operation of CMCU Uj is
terminated.

Such organization of CMCU permits decrease of
the number of terms in functions ® from H; till Hy,
where H;, Hy is the number of terms for equivalent fi-
nite state machines (FSM) Moore and Mealy respec-
tively. But block BAT consumes some macrocells or
cells of PROM used for implementation of CM. In this
article we propose some CMCU U,, where H, = H,, and
block BAT consumes less hardware then its counterpart
in U,. Here H, means the number of terms in functions
® for CMCU U,.

2. Main idea of proposed method

Let us point out that logic circuits for BMA, CT, TF
and BAT are implemented as the parts of CPLD. To im-

plement the CM one should use PROM chips with t out-
puts, where t = 1, 2, 4, 8, 16 [3, 4]. Let us address the

components of OLC o, € C; in such a manner that con-
dition (2) takes place and maximal possible amount of
classes B; e Il was represented by a single generalized

interval of R-dimensional Boolean space. Such address-
ing needs a special algorithm which should be developed.
Let 1 =115 UIlR, where B; eI, if this class

is represented by one interval, and B; e Ilg otherwise.
The counter CT is a source of the codes for B; e I1, . If
condition

g =0 (6)
takes place, then block BAT is absent. Otherwise, only
output addresses for OLC from classes B; € I1g should

be transformed. It is enough
R, =[log , (Ig +1)] %
bits for such encoding, where Iy = |HB| and 1 is added

to take into account the case when B; eIl . Let us

point out that some part of these codes can be imple-
mented using free outputs of PROM. Let us use hot-one
encoding of microoperations [2] when CM word has
N+2 bits. In this case CM can be implemented using

Ry =[(N+2)/t] (8)
chips with enough amount of cells (not less than M).
Obviously, that R; outputs of PROM are free, where

R;=Ry*t—-N-2 )

If condition
R; >2R,, (10)
takes place, then CM is a source of the codes for
B; eIlg and block BAT is absent. Otherwise, we can

represent Ilg as IIgUIlp, where Ig =g,
Ip = |HD| . In this case

I =283 1, (11)

Ry =[log,(Ip +1)]. (12)
The value I is decremented to represent the situation that
B, €Ilg . The value of I, is incremented to show the case

that B; € ITp . Thus, only the outputs of OLC a, € B;
should be transformed, where B; € 1. In common case
when II; # @(i=A,E,D) the following CMCU Uj is
proposed for interpretation of GSA I' (Fig. 2).

In CMCU U,, codes K, (B;) of the classes

B; eIl are represented by variables T. €T ; codes
Kg (B;j) of the classes B; eIl are represented by
variables v, €V, where [V|=Rj; codes Kp(B;) of

the classes B; eIl are represented by variables
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z, € Z, where |Z|=R4. In CMCU U,, block BMA

implements functions

®=0(T,Z,V,X), (13)
and block BAT implements functions
Z=27(T). (14)

Let symbol U;(I';) stand for implementation of

GSAT; by CMCU U;, and symbol Q; (F j) for the num-

ber of macrocells in logic circuit of block BAT for
CMCU U;(T'), where i = 1, 2. Let inputs of q-th mac-

rocell of BAT receive Lq logical conditions and let each
macrocell have S inputs. Application of the proposed
method has sense if condition

Ly+R+R3+Ry <8 (15)

takes place, whereq =1, ..., Q, (Fj).
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Fig. 2. Structure diagram of CMCU U,

In this article the method of CMCU U, synthesis is
proposed with the following steps:
1. Construction of the sets C, C; and I1- for GSAT.

. Microinstruction addressing.
. Construction of the sets I1, , I1g and I .
. Encoding of the classes B; e I1g UTIlp.

. Construction of control memory content.

. Construction of transition table for CMCU.
. Construction of the table for address transformer.
. Synthesis of the logic circuit of CMCU.

[e BN B e NNV, I VS I )

3. Example of application
of proposed method

Let the sets C={ay,...,a9}, C; ={ay,..,0g} and
e ={By,...Bs} are formed for GSA T, where
ay =(by,by), o =(bs....b), a3 =(b7.bg), oy =(bs....by3),
o5 =(bg,...b17), ag=(bg....byr), a7 =(bx,....bas),
08 =(bagobzg)> 09 =(brgsnsb3y)s By = {0y}, By={on,05),

B3:{(X,4,(X,5}, B4 Z{(X,6,(X7}, BS :{(Xg} . ThU.S, 1= 5,
R =3, 1={1,15,13},M=31,R=5.

Let us address the microinstructions using some
modification of algorithm from [2]. Now we have

A(by)=00000,...,A(bys)=110000, A(by)=11100,...,
A(bzg):llllo, A(b29)=11001,...,A(b31) =11011.
Let us construct the Karnaugh map marked by the vari-
ables T, € T={Tj,..,Ts} (Fig. 3). This map contains
outputs of OLC a, € C and code space intervals corre-
sponding to the classes B; e Il.

The sign * in this map stands for the case when a
vertex bq € E; with address A(b,) is not the output of
OLC o, €C;. The following code intervals can be de-

rived from Fig. 3: class B; corresponds to interval
0000%*, class B, to 001**, class B; to 01*** and 10000, B4
to 101** and 11000, class Bs to 111**, Let us point out

that o9  C; and class Bg ={a,g} is not considered here.

TiT:Tz ,B1 B4 B35
T4Ts OUOAJOI 011 010|110 111 )'101 100 _B3
00 | *¥) * Y04 | * KO * O (Os )
01 D] D;l = ® = = ||| ® 3 B4
SO Y I I I
10 Lx L ||| x ® 0 OE || x ®

]32’ll B3J 1\36

Fig. 3. Karnaugh map for outputs of OLC

The obtained intervals determine the sets

M, ={B;,B,,Bs} and Iy ={B;,B,}. Let N=13 for
GSA T and t=4 for PROM chips in use. In this case we
can get R; = 1 (from (9)) and R, = 2 (from (7)). Thus,
condition (10) is violated and block BAT should be used
in CMCU Uz(rl) Let HE :{B3} , then HD = {B4} .
Thus, the sets I1, , I1g and Il are constructed.

Obviously, V={v;}, Z={z} let Kg(B;)=1,
Kp(B4)=1. As it was found, K, (B;)=0000%,
Ka (By)=001%%, K, (Bs)=111%*.

The content of control memory is constructed in a
trivial way [2] and this step is here omitted. Let us point
out, that the cells with addresses 10100 and 11000 in-
clude the variable v; = 1. Let transitions for classes B2,

B3, B4 are described by the following system of gener-
alized transition formulae [7]:
Bz e X3b9 ng26;
B3 4 X1b18 VX_1X2b20 VX1X2b26; (16)
B4 —> X5b27 V;bs.
The system (16) determines the fragment of transition
table with 7 lines (Table 1).
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Table 1
Fragment of transition table for CMCU U,(T'y)
K4 (B; KEg (B; Kp (B;
Bi TA( T) E( ) D( ) bq A(bq) Xh th h
1-..15 Vi VA
bo 01000 X3 D, 1
B, 001** 0 0 —
b26 11100 X3 D1D2D3 2
b[g 10001 Xl D1D5 3
B, Hodkk 1 0 bao 10011 XX) D,D,Ds 4
b26 11100 X1X2 D]D2D3 5
B, N 0 1 byy 11101 E D;D,D;Ds 6
bs 00100 Xs D; 7

Connection of this table and system (16) is a trans-
parent one. Let us point out that the case v; = z; = 0
corresponds to classes B; 1y .

Otherwise, B; e Il UIlp and content of the col-
umn K, (B;) is ignored. This table is a base for con-

struction of the system (13). For example, the following
parts of SOP can be derived from Table 1:

Dy =T\ T,T3v;z1X3 vV V| 2] V V{Z[X5;

D, =TiT,Ty3vi 2 v viZ1 X X3 V V Z(X5.
The table of BAT is constructed for the classes
B; eIlp. In our particular case this table includes 2
lines (Table 2).

Table 2
Table of the block BAT for CMCU Uy(T')
ag | A(O) | Bi | Kp(By) | Zj | ]
g 10100
B4 1 VA
as 1000 2

This table is the base to construct the system
(14). In our case this system represented as the fol-
lowing one:

7, =TT, T3 T, Ts v T, T3 T, T

Synthesis of logic circuit of CMCU Uy(I7) is re-
duced to implementation of systems (13)-(14) using
PAL macrocells and control memory using PROM
chips.

These problems are well-known [2, 6] and they
are not discussed in our article.

Let us point out that table of block BAT for
CMCU U (T") includes 8 lines and R; = 3. Let mac-
rocell PAL have =3 terms, then block BAT of
CMCU Uy(I')) is implemented using Q,(I';) = 1 mac-
rocells. If the classes B; eI of CMCU Uy(I'y) are
encoded in the following way: K(B;) = 000,...,
K(Bs) = 100, then Q;(I";) = 4 (if q = 3). In both cases
the block BMA is implemented with the same amount
of macrocells.

4. Research of proposed method’
efficiency

Let's find area of effective application CMCU U,,
using probabilistic approach considered in [2]. Accord-
ing to this approach each GSA T is characterized by a
share of operational vertex P;. In case of linear GSA
P, 20,75 . In research CMCU matrix models [7] are

used, instead their implementations with some PAL
macrocells. Thus, hardware amount are characterized by
the area of the matrixes, occupied schemes. Conclusion
about efficiency of the offered method is made on the
basis of investigation for the following relation

S(U
f=1 —M, (17)
S(U1)
where S(U;) - area of the matrix realization of CMCU

Ui (i=1x;,2).
CMCU U, matrix model is shown on Fig. 4.

X ¢ : JYD

—% |5 e T |% |a Y
T | CT » T —
M, M, M; M,
>
h
Start
Clock
y
& A5 1
. M; Mg
|

Fig. 4. CMCU U, matrix model

In this circuit conjunctive matrix M, realizes sys-
tem F of terms of functions @, and disjunctive matrix
M, realizes functions (4). Conjunctive matrix M; real-
izes the complete decoder having R inputs which out-
puts represent the addresses of microinstructions from a
set A. Disjunctive matrix M, realizes functions from a

set {Y,yo,yE}. Conjunctive matrix Ms realizes the

terms corresponding to addresses of outputs OLC and
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forming set Ay Disjunctive matrix Mg realizes functions
of system (5).

So, matrixes M; and M, represent the block of
BMA, matrix M; and My - the control memory, and

matrixes Ms and Mg - block BAT. Areas S(Mj) of
these matrixes can be defined as follows:
S(My)=2(L+Ry)*Hy;
S(M;);=Hp *R ;
S(M;)=2R*28 ; S(My) =28 (N+2); (18)
S(Ms)=2R*G;
S(Mg)=G*R,
Matrix implementation CMCU U, has the same
appearance, as well as for CMCU U;. Owing to condi-

tion (15) and equalities of capacities of CM for both
CMCU fairly following condition:

S(Mj) =s(Mj), (j=L...4), (19)
In formulas for S(M i )i the index i defines type of

CMCU U; (i=1,2). For variables quantity reduction in
(17) we use results of operation [2]. Let K — number of
vertices of CA T, then

R =[log, p;K]. (20)
Block BMA represents Moore machine with
G =kp|K @1

states. Parameter k; <1 defines average OLC length

(nmumber of components) in 'CA I'. Number of classes

B; eIl can be found as number of states of the

equivalent Mile machine.

1=2,75+0,43k;p;K. (22)

Parameters L and H,, can be found as:
L=(1-p;)K/L3; (23)
Hy=4,4+1,1L (24)

Let k, <1 defines number of B; eIlg classes,
then
Ty =Ky (2,75 +0,34k;p|K);
R, =[logy [k, (2,75+0,34k;pK) |-
Areas S(Ms ), and S(Mg ), can be found as:

(25)
(26)

@7
(28)

For definition of CMCU U, effective area applica-
tion it is necessary to investigate the function
S(Ml)2 + e +S(M6)2
f=1- , 29)
S(Ml)1 + e +S(M6)1
depending on parameters K, p;, ki, ky, N. Some results
of our experiments are shown in Fig. 5.

As it follows from Fig 5, the CMCU U, consumes
less hardware, than the equivalent CMCU U; if condi-
tion (10) take place. Thus the gain is increased with
growth of coefficient k;. Influence of coefficient k; is
not so obvious, but its reduction yields in the gain in-
crease. The average gain at K=300, p,;=0.75, k;=0.5,
k,=0.5 and N =5, is around 13 %.

S(Ms), = 2R *Ig;

0,25

021 kl
< ——01
o 0,15 A M 0
g =05
E 01 —— 07

. W

0

50 100 150 200 250 300 350 400 450 500 550 60O

Quantity of vertices in TCA (K)

Fig. 5. Dependence of the offered application structure efficiency
on quantity of [CA vertices at different value k; (p; = 0,75, k; =0,5, N=5)

Conclusion

The proposed method targets on decrease in hard-
ware amount (the number of macrocells) in the circuit of
address transformer. In this case the number of macrocells
in the block of microinstruction address as well as the

number of PROM chips in the block of control memory
does not change. The method is based on use of three
sources of the codes of pseudoequivalent OLC classes. It is
possible due to a wide fan-in of industrial PAL macrocells.
Let us point out that block BAT can be eliminated if one of
the conditions (6) or (10) takes place. Our experiments
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show that the number of macrocells in block BAT is de-
creased up to 60-70 % in comparison with known methods
of CMCU design. The total decrease in hardware amount
is up to 10% in comparison with CMCU U(I'}).
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VYkpaina.

BUKOPUCTAHHSA OCOBJUBOCTEM ILIIC JIJISA OITUMIBAIIL CXEMH
MIKPOITPOI'PAMHOTI'O ITIPUCTPOIO KEPYBAHHSI

0.0. bapkanos, 1.5. 3enenvosa, O.C. Jlaspik

B po0oTi 3anporoHoBaHO METO/1 3MEHILEHHS anapaTypHUX BUTPAT Yy JIOTIUHIA cXeMi KOMIIO3ULIHHOTO MiKpO-
MPOrPaMHOTO TIPHUCTPOIO0 KepyBaHHs mnpu peamizanii Ha I[IJIIC. Meron 06a3zyeTbcss Ha BEIMKOMY KoedillieHTYy
00’eHaHHS 32 BXOAOM y MakpoocepenkiB [IMJI, mo 1o3Bossie BUKOPUCTOBYBATH OlIbIIE HIX OIHE JPKEPENo IS
azpecu MIKpOKOMaHU. Takuil MiaXiJ MO3BOJSE MIHIMI3yBaTH KUTBKICTE MakpoocepeakiB [IMJI mo BHKOpHUCTOBY-
I0TBCS VIS TIEPETBOPIOBAHHS aJipeck MiKpokoMaHau. HaBeneHo YMOBH Ta MPUKIIAX BUKOPHCTaHHS 3alIPOIIOHOBAHO-
I'0 METOJY, & TAKOXX PE3YJIbTaTH €KCIICPUMEHTIB.

Ku104oBi c10Ba: KOMIO3HIIHHIA MIKPOIIPOTpaMHHN TPUCTPiil KEpyBaHHS, ONEPATOPHUN JTiHIKHUHN JAHIIFOT,
MIKPOIHCTPYKIIisl, IEPETBOPEHHS aIPECH.

MCIOJIb30BAHUE OCOBEHHOCTEM IJIMC UIs1 ONTUMU3AIIMN CXEMbBI
MHUKPOIIPOI'PAMMHOI'O YCTPOUCTBA YIIPABJIEHUS

A.A. bBapkanoe, U.A. 3enenésa, A.C. J/laspux

B pabote mpemoskeH METOI YMEHBIIICHHUS alllapaTypHBIX 3aTPaT B JIOTHIECKOW CXeMe KOMIIO3UITHOHHOTO MU-
KpOIIPOTPaMMHOTO YCTpO#cTBa ympasieHus npu peanmsanuu Ha [IJIMC. Metox 6azupyercs Ha 600IbIIoM Kodphu-
IIUeHTe 00beANHEHH M0 BXOAy Makpostdeek [IMJIL, 9To mO3BOISIET MCIIONB30BATh OOJBIIE OJHOTO MCTOUYHUKA IS
ajpeca MUKpOKOMaH/Ipl. Takoi moaxo/ MOo3BOJIIET MUHUMHU3UPOBATh KonudecTBo Makposueek [IMJI, koropsie uc-
MOJIB3YIOTCS ISl TpeoOpa3oBaHus ajpeca MUKpOKoMaH bl. [IpuBeeHbl yCIoBUS U IPUMEpP WCIIOIB30BaHUS MpPe-
JIOKEHHOT0 METO/Ia, @ TAKXKE PE3yJIbTaThl SKCIIEPUMEHTOB.

KiroyeBble cj10Ba: KOMIO3UIIMOHHOE MUKPOIIPOIPAaMMHOE YCTPOICTBO yIpaBleHus, ollepaTopHas JTUHEHHas
e, MUKPOMHCTPYKIIHSL, IpeoOpa3oBaHue aapeca.
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