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EXTENSION OF MICROINSTRUCTION FORMAT IN COMPOSITIONAL
MICROPROGRAM CONTROL UNIT WITH ELEMENTARIZATION
OF OPERATIONAL LINEAR CHAINS

The modification of synthesis method of compositional microprogram control units is directed to
decrease of hardware amount in scheme of control unit in FPGA basis. Reduction of complexity of
block of microinstruction addressing is reached due to of field with pseudoequivaent operational
linear chain class code. Conditions of proposed method usage possibility are given. The example of

method implementation is shown.
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INTRODUCTION

Modern industrial production requires cheap, secure
and productive devices as results of design process.
That's why reduces of the complexity of developing sys-
tems causes the topicality of hardware reduction prob-
lem in digital circuits [1]. It is necessary to take into ac-
count peculiarities of device structural scheme and ele-
ment basis features. Some of the peculiarities, that can
be used, are pseudoequivalent states and linear type of
control algorithm [2].

Compositional microprogram control unit (CMCU) is
reasonable to use in case of linear (percentage of opera-
tional vertices is over 75 %) algorithms realization [2].
FPGA (Field-Programmable Gate Arrays) basis is wide-
ly used nowadays for realization of control unit circuit
[3,4]. Problem of hardware amount minimization is
solved by decrease in complexity of device main struc-
tural elements by means of decrease in main intercon-
nections widths [5]. One of ways of this problem solv-
ing is proposed in the article: control unit realization as
compositional microprogram one with code sharing and
elementarization of operational linear chains (OLC).

The main purpose of investigation is simplification of
combinational part of CMCU via implementation in the
microinstruction format of additional field containing
pseudoequivalent operational linear chain (POLC) class
code. The main task of investigation is development of
CMCU synthesis method modification that let decrease
number of LUT-elements in Block of Microinstruction
Addressing (BMA). Control algorithms are represented
as graph-schemes (GSA).
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MAIN STATEMENTS

Graph-scheme of control agorithm consists of opera-
tional and conditional vertices, making sets E; and E,
accordingly, and the set of arcs E. Let us begin vertex
be marked as by, end — bg. Operational vertex b, € E,
contain set of microinstructions Y(by) <Y, where
Y = {yy, ..., Yy} is the set of output signals of control
unit. Conditional vertex b, e E, contains one elements
X(bg) of the logical conditions set X = {xy,...,x_ }. In
case of operational vertices percentage is over 75 %
from total number of vertices, we talk about linear GSA.

OLC is a seguence of operational vertices of graph-
scheme of agorithm. Each OLC ¢, has accidental
number of inputs I:_l, and only one output Qy Formal
definitions of OLC, its input and output one can find in
[4]. OLC with only one input and one output is caled
elementary [2].

OLC, outputs of which are connected with the input
of the same vertex are called pseudoequivalent opera-
tiona linear chains (POLC). Such OLCs make the class
B;. All classes are packed into the set B = {B, ..., B,}
of POLC classes.

Let GSA contains G elementary OLC Oty that form

the set C.
R; = [log,G] (2)

bits are enough for encoding elements of the set C.
Number of components in OLC 0y is marked as Fg.

Maximum length Q = max(F,, ..., Fg) of linear chain
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determines number of bits R, in the code for encoding
OLC components, where

R, = [log,Q 1. @)

Elements 1, € T and T, € T are used for encoding el-
ementary OLC and their components accordingly. It be-
ing known that |tf| = R; and |T| = R,. Encoding of
components is performed in natural order, that is

K(bg) = K(bg_y) +1, &)

whereg = 1,...,G,i = 1,..., Fg.

Each operational vertex b, e E; corresponds to mi-
croinstruction Ml storing in control memory (CM) in
the cell with address A(b,) = A,. Code sharing is ob-
taining of the address A, as concatenation of OLC code
and its component code.

Structure of compositional microprogram control unit
with elementary OLC and code sharing can be used for
interpretation of graph-scheme of control agorithm
(Fig. 1). Let us call this structure U;.

Block of microinstruction addressing in CMCU
scheme realized function of memory excitation for regis-
ter RG:

When signal Start is coming initial microprogram ad-
dress is loaded into RG, zero value is loaded into CT,
and flip-flop TF is set to “1” that alows reading micro-
instructions from control memory. There are two addi-
tional interna signals: y, and yg. In case of y, = 1 con-
tent of CT is incremented and next vertex of current op-
erational linear chain is addressed. If y, = G then OLC
output is reached and BMA prepares address of next
OLC using code of current POLC class. Signal yg is
used at the end of microprogram to reset flip-flop TF.
The value “0” of TF output stops access to CM.

Asynchronous reset of counter must be controlled by
function Start v y,,. Signal y, ensures loading zero val-
ue to the CT when transition to another OLC performed.

Number of terms in BMA scheme can be decreased by
implementation OLC code transformer into POLC class
codes [2]. But such realization demands extra FPGA re-
COUrSes.

In the article complexity of code transformer is pro-
posed to decrease by using free recourses of embedded
memory.

MAIN IDEA OF PROPOSED METHOD
In initial GSA the set C, contains OLC o, which are

¥ = ¥Y(X 1). (4)  not connected to the end vertex of GSA. All operational
o |
et +1 y
—» CT T o
+ Control v
Clock ——¢ >
X Stort ! Memory
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Microinstruction > RG
Addressing
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Fig. 1. Structure of compositional microprogram control unit
with elementary OLC and code sharing
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Fig. 2. Structure of compositional microprogram control unit with elementary OLC
and code sharing after microinstruction format extension

54



ISSN 1607-3274. PanioenekTpoHika, inpopmaruka, ynpabiinas. 2010. Ne 2.

linear chains are divided into classes B; € Il of POLC.

Binary code K(B;) of width R;is set to each class B;,
where

R = [log,l|. (5)

In (5) | is number of POLC classes. Let control mem-

ory of CMCU is realized on blocks of embedded memo-

ry with t output pins. Using unitary method of microin-
structions encoding [2] we need

n, = N+2, (6)

bits in appropriate field, where N = |Y|, and constant 2
take into account internal signals y, and yg. So, R, bits
of the microinstruction may be free, where

R, = PTl—‘*t—nl. 7

If the condition
R,2 R, (8)

takes place, a field FB with the code of POLC class can
be included into microinstruction format. Structure U, is
obtained (Fig. 2).

In CMCU U, variables z, € Z, where |Z] = R, is
bits of code K(B;). Block of microinstruction addressing
performed function

¥ = ¥(Z X). (9)

Other blocks of CMCU U, perform corresponding
functions to functions of CMCU U, blocks. Let us point
out that structural elements BMA, CT, RG, TF is real-
ized in LUT-elements, and CM is implemented in em-
bedded memory.

The following method of CMCU U, synthesis is pro-
posed in this article:

1. Construction of the sets C, C,, and Il for a GSA T

2. Encoding of OLC, their components and classes
B; e Ilc.

3. Construction of the content of control memory.

4. Construction of CMCU transition table and ¥ =
= ¥Y(Z X) functions.

5. Synthesis of CMCU logic circuit.

EXAMPLE OF METHOD USING

Let GSA TI'; (Fig.3) be characterized by next sets:
C = {0y, ...,05} — elementary OLC, C; = C\o; OLC
without connection to the end vertex, II.=
= {By, ..., B3} — classes of pseudoequivalent operation-
al linear elementary chains, where B; = {0},
B, = {o,, 05}, By = {a,}. Number of OLC G = 5,
R, = 3 bits from the set © = {14, 7,, T3} are enough
for their encoding. Maximum length of OLC is Q = 3,

Fig. 3. Initial GSA T,

let us use R, = 2 variables from the set T = {T;, T,}
for OLC components encoding. Total number of opera-
tional vertices is M = 9, this number demands R = 4
bit of address in CM. For encoding | = 3 classes
B, € 1 of POLC R; = 2 bits are used.

Let us encode OLC o, € C and their components in
arbitrary manner (3). Addresse A(b,) of CMCU U,(T"y)
microinstruction are shown in Table1l. Here and after
symbol U;(T;) means, that CMCU U; interprets GSA T;.

Table 1. Addresses of CMCU U,(I";) microinstruction

o, G 001 010 on 100
00 b, b, by bs bg
01 - - b, b, by
10 - - bs - -
1 - - - - -

From Table 1 one can obtain addresses, for example:
A(bg) = 01100, A(bg) = 10001 and so on.

Codes of classes B; € Il are set as K(B;) = 00, ...,
K(B3;) = 10. Microinstruction format of CMCU U, in-
cludes fields y,, yg, FY, FB, where field FY contains
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code of micro-operation set, FB — code of class
B, e Il.. If y, = 1, contents of FB field is ignored.

Let GSA TI'; includes N = 3 different microopera-
tion y,, and memory blocks with t = 4 output are used
for realization of control memory in FPGA basis [6, 7].
In this case formula (7) gives us R, = 3 free hits. Be-
cause of R, > R, usage of proposed method is possible.
So, in example Z = {z;,z,}. Contents of CMCU
U,(T";) control memory is shown in Table 2.

Table 2. Contents of CMCU U,(I';) control memory

Aby) Yo FY Ye FB
A(by) 0 Y1 Yo 0 00
A(by) 0 Y2 Y3 0 01
Abs) 1 Y3 0 -
Aby) 1 Yo 0 -
A(bs) 0 Vi 0 01
Abg) 1 Y1, ¥3 0 -
Aby) 0 Y1 Yo 0 10
A(bg) 1 Yo 0 -
A(bg) 0 Y1 Y2, ¥3 1 -

If vertex b, e E; is not an output of current OLC
ag € Cq, in memory cell with address A(b,) microopera-
tion y, is written. In opposite case in FB field of this
cell code K(B) is written, where o, e B;. If vertex
b, € E; is connected with the end of GS A than in
memory cell with address A(b,) internal microoperation
Ye IS written.

Trangtions from outputs of OLC aye C; are ex-
pressed by next system of formulae [2]:

By — X;b3 v X; X0, v X X,bg;
B, — X3bg v X3bg;
B; — Dbs. (10
Such system is the base for CMCU U, transition ta-
ble formation. This table consists of next columns: B;,
K(B), by, A(by), X, W, h. Their purpose became clear
from Table 3.

Table 3. Fragment of CMCU U,(I';) transition table

K(By) Alby)
Bi bq Xh ‘I’h h
L |4 T | T | Tg
b|o|o| 1] xx |Ds|1
B,lolo|[b|o|1]0]| x |D,|2
b | 1] 0] 0] xx | D3
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Addresses of microinstruction is taken from Table 1.
Let us point out, that system of memory excitation func-
tions ¥ includes functions {D,, D,, D5}. Total number
of rows Hy(I'}) in transition table of CMCU Uy(T) is
equal to number of terms in system transition formulae.
In our example, H,(I";) = 6.

System (9) is formed according to transition table.
Fragments of system ¥ can be found from Table 3:

D1 = 212X X5 Dy = 72Xy;
Dy = 2,2,X;Xs. (11)

For minimization of terms number in (9) classes
B; € T may be encoded with the help of EXPRESSO
algorithm, for example.

Realization of logical circuit of CMCU U, reduces to
implementation of system (9) in base of integrated cir-
cuit (FPGA) and redization of control memory on
blocks of embedded or external memory. Modern CAD
systems or methods [1, 2] cam be used for this purpose.

CONCLUSIONS

Proposed method of microinstruction format exten-
sion for compositional microprogram control unit is ori-
ented to LUT-elements decrease in the block of microin-
struction addressing. Number of memory blocks in de-
vice and its working time are the same as for base
structure CMCU U, with code sharing.

Disadvantage of proposed method isin its usage limi-
tation (8).

Term number decrease in memory excitation func-
tions can lead to decrease number of circuit levels in
combinational part of devide, that can increase speed of
work.

Scientific novelty of proposed method modification is
in usage of POLC classes and free recourses of control
memory for LUT-elements number decrease in block of
microinstruction addressing. Practical meaning is in chip
parameters decrease. It allows realization of device with
less cost.

Our future work is directed to development of CAD
system for synthesis of compositional microprogram
control units [4].
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PO3IIMPEHHSA ®OPMATY MIKPOKOMAHI V KOM-
[O3ULIMHOMY MIKPOIIPOTPAMHOMY  IIPUCTPOI
KEPYBAHHA 13 EJIJEMEHTAPI3ALIICIO OINIEPATOPHUX
JIHIAHWX JTAHLIOT'IB

Monudikamiss METONy CHHTE3y KOMIIO3HLIIHOTO MiKpOIpOT-
PaMHOTO MPUCTPOIO KePyBaHHs CHPSIMOBaHA Ha 3MCHILCHHS arla-
parypHux BuTpar mnpu peamizamii y FPGA 06azuci. 3MeHIICHHS
CKJIATHOCTI OJIOKY ajipecailii MiKpOKOMaH]| TOCATAEThCS 3aBISKA

V/IK 002.53+681.3(075.8)

TOJTIO, 1[0 MICTHTh KO KJIACy MCEBIOCKBIBAJIEHTHOTO OIEepaTop-
HOTO JIiHIWHOTO NaHifora. [IpuBeneHi yMOBH IONUIBHOCTI Ta
MIPUKJIAJT BUKOPUCTAHHS MOAUGIKAIIT METOLY CHHTE3Y.

Kiio4uoBi cj0Ba: KOMIIO3HIHOHHOE MHKPOIIPOTPAMMHOE
YCTPOWCTBO YIpaBICHHUS, ONICpaTOpHAs JUHEHHAs IeMb, aape-
carus MUKPOKOMaH/I, KJIacC TICEBI0IKBUBAJICHTHOCTH.

Bapkanos A. A., 3enenésa U. f., Mupomkud A. H.

PACIHIMPEHUE ®OPMATA MHUKPOKOMAH/] B KOM-
[HO3ULMOHHOM  MMKPOIIPOTPAMMHOM VCTPOM-
CTBE VIIPABJIEHUS C DJIEMEHTAPU3ALIMEN OIIEPA-
TOPHBIX JIMHENHBIX LEMEN

Monu¢ukanys MeTofa CHHTe3a KOMIIO3UIIHOHHOTO MUKpOII-
POTPaMMHOTO YCTPOMCTBA YIIPaBICHUS HANpPABJICHA Ha YMEHb-
LICHHE aNmapaTypHBIX 3arpar npu peamusanuu B FPGA 6asu-
ce. YMeHBILICHHE CIOKHOCTH OJIoKa ajipecaluy MHKPOKOMAaH]
JIOCTUTaeTCs 3a CYeT IIOJIs, COZAEpIXallero Koj Kiacca ICEeBIO-
9KBHUBAJICHTHOH oneparopHoi nuHeitHoi uenu. [IpuBeneHs! yc-
JIOBUS L[eNIecO0OPa3HOCTU M MpUMEp MPUMEHEHHs MpPeIOKeH-
HOHM MonmuduKamuy MeToa CHHTE3a.

KioueBble cj10Ba: KOMIO3WIIHHUN MIKpOIpOrpaMHUI
MIPUCTPIN KepyBaHHS, ONEPATOPHUH JIHIHWN JaHIIOT, ajape-
carfist MiKpOKOMaH[I, KJlac TICEBI0EKBIBaJICHTHOCTI.

Bownyenko O. B.

KaHd. mexH. Hayk, npoghecop Kpumcbkoeo topuduyHozo iHcmumymy O0ecbkoeo OepxxagHO20 yHigepcumemy 8HympiwHix crpas

(m. Cimgbeporionb)

KOOPOUHALIA HEYITKUX PILLEHb B BAFTATOPIBHEBIN IEPAPXIYHIN
CUCTEMI

[IpoaHanizoBaHO METOONOTIUHI

3acad KEepPyBaHHSA CKIAJHHMU OaraTopiBHCBHUMH

iHdop-

MaliifHUMU CHCTEMaMHU B YMOBAaX IIBHIKOI 3MiHH HOPSAKY IX 3aCTOCYBaHHs. 3allpOIIOHOBAHO 3aCTO-
CYBaHHS KOMIUICKCHOTO CHCTEMHOIO IiJXOAy LIOAO KOOpAMHALII MPUKIAJHOrO (CEaHCOBOro) Ta

(YHKIIOHYBaHHS B YMOBAaX MOXKJIMBOCTI BUHUKHCHHSI HEHITKUX PilllCHb.

KarouoBi cioBa: OararopiBHEBi i€papXidHi CHCTEMH, KOOpPIHMHAIS HEYITKHX pIllIeHb, Marema-

TUYHE MOJCIIOBAaHHA Ta IIPOTHO3.

IIOCTAHOBKA NIMPOBJIEMHA

AHami3 TpakTHKA 3acTOCYBaHHS B AISUIBHOCTI Op-
raHi3aliii Ta ycTaHOB PO3NOAUICHHUX 1H(pOpMaIliiiHO-Temne-
KOMYHIKallifHUX CHCTEM BH3HAYa€ MOXIIMBICTh BHHHK-
HEHHSI OOCTaBHMH BiJICyTHOCTI KOOpAHMHALii MiX 0a30BUM
Ta TPHUKIATHAM PIBHSAMH YIPABIIHCBEKOI i€papXii, Mo
3MeHITye €(QeKTHBHICTh OIEPAaTHBHOTO Ta JOCTOBIPHOTO
0OMiHY JaHWMH B JisUTBHOCTI 3aKiiamy Ta MOTpeldye pos-
POOKH BIAMOBIIHUX 3aXOJIB ONTUMI3allii (yHKI[IOHYBaHHS
KOMIT FOTEPHOI CHCTEMH 4epe3 3aCTOCYBaHHS Cy4YacHHX
METO/IIB MaTeMaTH4IHOTO MOJICIIIOBAHHS Ta IPOTHO3Y 3 Me-
TOIO BUPIIIEHHS MPOOIEMH KOOPIUHAII] HEUITKUX PillIeHb
B OaraTropiBHEBIH iepapXidHiil cucTeMi.
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AHAJII3 OCTAHHIX JOCJII’)KEHb

TA MYBJIKAIIA

Bupimrennro npoOiieM omTuMizamii CKIaIHUX iepap-
XIYHUX CHCTEM YIpaBiIiHHA CTOCOBHO KOOpPIMHAII]
HEYITKUX PillleHb Yepe3 3aCTOCYBaHHS PEKYpPEHTHOI Mpo-
HEeAypH Ta MPolecy KOPEKIlii B Teopil HEUITKUX MHOKHH
MPUCBSIYCHI pOOOTH TakmX BHTATHHX (axiBIB, SK
Bemman P., 3anme JI., Mecaposua M., Takaxapa f1., Moi-
ceeB H. ta inmmx [1-3]. Pa3oMm 3 TuM, HasBHICTb HU3KH
mpoOneM MPakTUKU 3aCTOCYBAaHHSA YIPABIIHCBKUX iepap-
XIYHUX CHCTEM BHU3Ha4Ya€ HEOOXiHICTh MPOBEACHHS IIO-
JIANTBIIIX HAYKOBUX JOCTIKEHb 3 METOI0 PO3POOKH Bill-
MOBITHUAX 3aXOMiB Ui iX BHUpimeHHSA. HaykoBa HOBH3HA
3aIpONOHOBAHOT TIpalli mojsrae B pOpMyBaHHI IUBIXIB 10
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