CoopHuk TpygnoB XV mexayHapogHou
Hay4YHO-TEXHUYECKON KOH(epeHLMM

2008 TOHELK



MungcTepCTEO 0OPAIORAHNA M HAYEH ¥ KPAHE
Jloreuxan odNACTHAR B MOPOACKAN ANMHHRCTPAIHN
MesoyRapoTakRd colrs MEMPEOCTpoRTeTeH
@O NOICPAEH NMPOrPECCHBNRX pedopm
Haumoransmas Metatnypradeckas akanemus ¥ xpamus (HHHCT)
Jomenxwit 1 CepacTonofberuil HATHOMANLHRE TEXHHUECKHE VIHBEPCNTETH
Bpsuckril rocy/1apcTBEHHKIE TEXHHYCCKHI YHMBCDCHTET
MockoRCkRT POCYIAPCTRCHAELE YHIBEPCHTET HEXEHCPHOH 3KOMOMHE
Tarasporcenii Texsonoryeeckni mRCTHTYT [O@00r0 GencpasbRoro YHHBCPCHTEES
Asepbaiimrancrnit, Memyscwui, Oorpancinil, Crnescrwil, Mcckmil
TexHH9eCKRe yHHBepcrTeTs, onwrexnunka JTodenncras
Texmmuecknit yuusepesrer Monaoss, [onnrexnnxa Hencroxoea
Marmebyprewaii, [oprevyrexnit, Tyabokmll YHHBEPCHTETR
ByxapecTcxasn BOEHHO-TEXHHUECKAT AKANEMHES
HucamyT MesayRapoaaero cotpymiecTsa, Poccriicko-Y Kpanncknli YARBepCHTET
Huctwryt Mexanuxy # ceficmonorayeckoll crabunsnoct AH PY
CesrcTononsckril nerTp npodeccHoRanEHO-TCXHHHECKOTO 00pazoBaHls
Jloseuxnil ARHCTHTYT XOM0AHAEHOH TEXHUKH
ACCONRALIE METANTOBSAOR I TEPMHCTOB Y KPRHNGT
Hayuno-Texnnsecknii cows MampBocTpocrns bonraprn
Haysnrit uenrp npobaey Mexanwrn Mamun HAH bemapycn
Hagarenserso aMamunoctpoeswen, OAO HHH oMzorepun, OAO o130 A»
AQ «HOPT», 3A0 «HEM3», YT «Texuomonuey, CRepaucKuil Mamzasom

MAIHIMHOCTPOEHHE U TEXHOC®EPA
XXI BEKA

Chopunk Tpyaoe

XV
MEKIVHAPO/HOH HAYYHO-TEXHIWYECKONH KOH®EPEHITHH

Tom 4

15 - 20 centabpsa 2008 r. B ropoge Cesacronone

Horenx-2008



BBK K5a54
YK 621.01(06)

ManmaocTpoeHde # Texnochepa XX sega [/ Coopuuk tpynoe XV mex- I

JIYEAPOOHOH HayqHO-TexHHueckol koHdepeniny B r. Cesactonone 15-20 cen-

TaOps 2008 r. B 4-x Tomax. — HJoreux: JlosHTY, 2008. T. 4. — 338 c. |

|
ISBN 966-7907-23-6

B cOopuuk sxnouesst Marepmanel XV Mesnynapoguoll  mayuno- '
rexnnueckoll koupepennun «MamurocTpoenye B Texuocdepa XX sekan, o1- |
pamaoiiue HayIHEIE H NPaKTHYecKHe pesviabTaTel B obnacti obpaborks wane- |
JHH NPOTPECCHBHAIMH METOAME, COSHAHHA HETPAIHIHOHHLIX TeXHONOTHA #
obopyaosanus. TIpencTagnensl coBpeMeHHble JOCTHHKERHS H [epClIeKTHEHEE
HATNPABJIEHHA PAIBHTHA TCXHOMOTHYECKHX CHCTEM, METANAOPEHYIIEro HHCTPY-
MeHTE W ocHacTKH. OCBENICHE! COBPEMEHHEIE NPebNeMEl MAaTepHANOBEACHNHA & |
MaMiocTpoenny. PaccMoTpersl BONpPOCHT MENAHHIEALMH H AETOMATHIANMM
NPOHIBONCTBERHEX MTPOLECCOB, YIPABIEHHA KAYSeCTEOM H AHATHOCTHKH TEXHH- |
qeckx cHereM. TlpruBenens: ceeneaus o6 ocobenHOCTAX MONETHPOBAHHA, JKO-
HOMMYECKHX NpobieMax NPoRIBOJCTEL, BONPOCAX WHAEHepHOro o0paioRaHug
H APYIHK aKTYaNbHE npobieMax Texnochepst.

TpennaszHaued VIR HayuHo-Texuudeckux paboriukos, UTP 1 cnempuany-

CTOH B OfNACTH MaTUHHOCTPOSHHA H TEXHOC(HEDEI,

Hadaemca npu codetiomenn Mexncdpnapodnozo coio3a Mauiinocmpoumened

Anpec MeXIYHAPOIHOIO OPraHH3alIMOHHOTO KOMMTETa:

Yxpausua, 83000, r. Joreux, yn. Aprema, 538, JlouHTY, xadeapa TM.
Tewn.: +38 (062) 305-01-04, daxc: +38 (062) 305-01-04

E-mail: im@mech.detu. donetsk wa

http.hwww, dotu. donetsk ua

ISBN 966-7907-23-6 & Nonenxuil HAITHORANLHLIHR
TexHuIeckuii ynunepcurer, 2008 r



Antonyuk 5., Palis 5. and Heinvich 8.
BREAKAGE BEHAVIOUR OF NEEDLE-SHAPED CRYSTALS AND
CYLINDRICAL AGGLOMERATES... O ORI Y . (T P e et

Barkalov A.A., Kovalyov S5.A., Bieganowski J., Miroshkin AN.
SYNTHESIS OF CONTROL UNIT WITH CODE SHARING AND MODIFIED
LI R A ... e iy s ey A SN P AP s P bt e b A R b PSP T340 54

Barkalov A.A., Zelenyova LY., Kovalyov 5.A., Lavrik AS.
OPTIMIZATION QF CONTROL UNIT BASED O PECULIARITIES OF CPLD............. 59

Barsanescu P., Mocanu F., Leitoin B., Grimberg R, Savin A.
MEASUREMENT LRRGR‘F OF STRAIN GAGES MOUNTED

Bialas K.
DESIGNING OF MECHANICAL SYSTEMS INCLUDING PASSIVE AND
ACTIVE ELEMENTS... R . i 2 S ey B PR LSRR |

Buchacz A.
FORMULATING OF PROBLEM OF FLEXIBLY VIBRATING
MECHATRONIC SYSTEM... e T R iyt R e ST DA IREL

Bugaru Mihai, Chereches Tudor, Matache Liviu, Sava Alin, Zecheru Teodora
DYNAMIC BEHAVIOR OF HELICAL GEAR-PAIR 8YSTEMS WITH BACKLASH

AND PERIODIC VARIATION OF MESH STIFFNESS AND MESH DAMPING

PART [ COMPUTATION OF AMPLITUDE AND PHASE ANGLE. ......oriiansnnnnn 19

Chereches Tudor, Bugarn Mihai, Homutescu Tiberiu, Cartuta Sorin

DYNAMIC BEHAVIOR OF HELICAL GEAR-PAIR SYSTEMS WITH BACKLASH
AND PERIODIC VARIATION OF MESH STIFFNESS AND MESH DAMPING

PART II: COMPUTATION OF INSTABILITY FRONTIERS... R W s

Daschievici L., Ghelase D., Simionescu C., Haraga G,
ABOUT THE COGNITIVE ENGINEERING IN MANUFACTURING PROCESS. ... i

Dymarek A., Deithowski T.
DESIGNING OF BEAMED STRUCTURES WITH REGARD TO THE DESIRED
SPECTRUM OF FREQUENCIES... e e e L e e P

Dziczkowska M.

A MATHEMATIC MODEL TO DETERMINE OPTIMUM CONDITIONS FOR
MEASUREMENTS OF CONDUCTIVITY EXHIBITED BY MULTI-LAYER
STRUCTURES WITH USE OF THE EDDY-CURRENT METHOD ... rnnrs nrensn 0

Dziczkowski L.

AN ATTEMPT TO FIND OUT OPTIMUM CONDITIONS FOR CONDUICTANCE
MEASUREMENTS BY MEANS OF THE ERDY-CURRENT METHOD [N MULTI-
LAYERED STRUCTURES... R PR o T O S e R P o el s A Ptk S RSt 1

331



SYNTHESIS OF CONTROL UNIT WITH CODE SHARING AND MODI
LINEAR CHAINS

Barkalov A.A., Kovalyov S.A., Bicganowski .1, Miroshkin A.N.
{(DoaNTU, Donetsk, Ukraine; University of Gelena Gora, Poland)

The method of design for compositional micreprogram control wnits wirh code shearf
i proposed The method is oriented on reduction in the mumber of PAL macrocells in 'l
cambinational part of control unit. The method Is based on modification of operational lim
chains by some additional control microinstructions, which contain codes of the classes
preudoeguivalent chains, Proposed method is illusirated by an example.

1. Introduction

Cne of the most important blocks of any digital system is its control unit [1] respof
ble for interplaying of all other system blocks. If an interpreted control alporithm is a lin
ane, it can be interpreted using the mode! of compositivnal microprogram control 4
{CMCLI) [2]. Recently, the complex programmable logic devices (CPLD) [3, 4] are wid
used for implementation of logic circuits [5, 6]. One of the important tasks connected Wi
control unit design is minimization of hardware amount. In case of CPLD, this task can
solved due to decrease of the number of Programmable Armay Logic (PAL) macrocells:
solve this problem, the number of terms in sum-of-products (SOP) should be diminizhed
address functions of CMCU [5, 6). In this article one of the ways for this problem solution
proposed. The method targels on CMCU with code sharing [2].

2. Peculiarities of CMCU with code sharing |

Let a control algorithm to be interpreted be represenicd by a graph-scheme of alj
rithm (GSA) I' [7].Let this GSA be characterized by the set of vertices B = {f,, 5.} w0 £ )
and the set of arcs E, where by is an initial vertex, bg 15 @ final vertex, E; is a set of op =':__-
vertices, and E; is a set of conditional vertices. Each operator vertex #, € E, contains a ¢

lection of microoperations ¥(b ) ¥, where ¥ ={y, .., ¥,} is a set of data-path microd
crations. Each conditional vertex b e E, containg some clement x & X, whi
X =Ix.,.., X, } is a sel of logical conditions (input signals). A GSA I' is named a linear G
[2] if the nember of its operator vertices exceeds 75% of the total their number in GSA.

Let the set C = {a,, ..., &;} be constructed for GSA T, where a, & C' is an oper

tional linear chain (OLC) [2]. Any componemt b, of OLC &, e C belongs to the set |
{(i=1,.,F,). Each pair of adjacent components b_, h'm corresponds 1o the &
<b, b, >eE, where i=1,_.F -1, g=1,..G. Each OLC a_<C has only one ouig
(), and the arbitrary number of inputs. Formal definitions of OLC, its input and output can §
found in [2]. Each vertex, b, € £, corresponds to microinstruction MI, kept in the cell of cof
trol memory {CM) with address A . It is enough

R =[log, M (n
bits for microinstruction addressing, where M = £ |. Let each OLC &, € C include F, con
porients and {0 = max(¥, .., F;). Let each OLC a, e C be encoded by binary code K{ad

having
R, =[log, G (2)
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wiil variables . et be used for such encoding, where |r| = R,. Let each component
I, be encoded by binary code K(b_ ) having

R, =[log, @ 3)
i variables T, € T be used for this encoding, where [T} = R, . Encoding of components
uted in such a manner that condition

Kby, )=K(b,)+1 {4)
place for each OLC a_eC (i= I,,-.,F‘ =1). If condition
R+R,=R (5)

plice, then the model of CMCU with code sharing Uy can be used for interpretation of
I (Fig. 1).

f
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Control
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Fig. |. Structure diagram of CMCU L,

In CMCU Uy, a block of microinstruction addressing (BMA) implements the system

¥ =Yz, X). (%)
1y point out that in the case of CMCU Uy an address of microinstruction is represented as
Hullowing one:
| Afb,) = K(e,) *K(b,), 7

b, is a component of OLC «, & C and “*" 15 a sign of concatenation. The CMCU U,
v in the following order.

I Start=1, then an initial address (all zeros) is loaded into BG and CT. In the same
u Nlip-flop TF is set up which causes Feteh=1, then microinstructions can be read out of
| memory. Each cell of CM keeps microoperations y, € ¥ and special variables y, and

11 is reset, signal Fetch=0 and operation of CMCU is terminated. It corresponds to tran-
W from the verlex b, € E,, where <&, b; > E. Pulse Clock is used for timing of
|l|

|4t us point out that OLC @@, € C ane psendoequivalent OLC [2] if their outputs
vonnceted with input of the same vertex of GSA I'. The hardware amount in logie circuit
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of BMA can be decreased due to introduction of a special block for transforming the (]
codes into the codes of the classes of pseudoequivalent OLC (POLC) named as a code fr
former (1C) (2], But TC consumes some resources of the chip in use.

In this article we propose to use free cells of CM for such transformation. In resulf
decrease of hardware amount in both blocks BMA and TC without increase of the numbe

PROM chips in CM.
3. Main idea of proposed approach
Let €, = be a set of OLC such that their outpuls are not connected with the ver
b, . Let us find the partition He ={8,,.., B} of the set C, by the classes of POLC. Let e
dition : '
2HaF
take place for each OLC a, eC.

Let us encode the classes B & I, by binary codes K({8,) with

R, =[log, I
bits and let us use elements of the set Z for such encoding, where 4:3| = R, . Let us insert}
additional component corresponding to control microinstruction MO, with y, =0 af
KiEB), where e, & B . Now all microinstructions Mi, contain y, =1.
In this case GSA I can be interpreted by CMCU U, (Fig. 2) proposed in this article.

 Jul
Control
Block of 3 Y
Microinstruction a0
X —y Addressing
R Faich
TE
Start | _’
Fig. 2. Structural diagram of CMCU 1,
In CMCU Uy, the block BMA implements functions
D =B(Z, X), (10)
¥ =%¥(Z,X), {11}

all other components of U, have the same meaning as their counterparts in U,
Functions (10)~(11) are generated if contents of RG and €T represent an address of
control microinstruction. In this case a data-path of controlled system s in the idle state. It can
be achieved, for example, if a data-path synchronization is stirred by variable j,.
in this article we propose the following method of CMCU Uz design:
1. Construction of the sets €, €, I1_ for GSAT.
Including of additional components into OLC e, el

2.
3. Encoding of OLC, their components and classes.
4. Construction of control memory content,
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% Construction of transition table of CMCU,

6. Implementation of CMCLU logic circuit.

4 Example of proposed method application

lol GSA Ty be characterized by sets C={a,..o;}, € ={ap..a),
i, i, 8.3, where B ={ay}, B={a.o}, B =, @0}, &) =< b:r'ﬁ'r,__-f'; >y
Wiy >, oy=<b b.b> a, =< by, by By >, Gy =":'E'|:1-'E'|3.:bu >, @ =<be,by >,
"'I-.'f’u."bln-b:ﬂ:"‘- It means that G=7, R=3, r={r,n,5t, =4, R=2, T=ﬁ;*ﬂ}!
M5 and conditions (5) and (%) take places. Therefore, application of proposed method
Miiie. Let us point out that Ry=2, Z={z,.z,}.

After  imtroducing of additional components into OLC o, eC, we have
h-h:-E'pM'q 2y Oy =< b".ﬁ;,MEI >, oy =<by by b MC, >, @, =< by by by MG, >,
R 0 B b MG >,y =< by b MG, >,

l.et us encode O1.C @, & C in arbitrary manner, namely: K{g, } = 000, ..., Kia,}=
et code 00 is assigned to the first component of any OLC &, € C,, code 01 to the sec-

vode 10 to the third, and code 11 to the fourth. Now micreinstruction addresses are
1 in Table 1.

Table |. Microinstruction addresses for CMCU Us()

%% | ooo | oot | 010 | e11 | 100 | 101 | 110

TiTs ]
() | by by | bg ! be | big | bys | byy
01 P bo | bs | by | byo | Bz | bus | byg |
10 by MGy by | by | bus | MCs | bye
11 MG | * MG |MCy|MC:| * by |

The symbol Uy17j) stands for the case when GSA T is intempreted by CMCU U, We
erive from Table 1, for example, A(b =00000, A(bg=01010, A(MC;)=00110.

let us encode classes B ell. by the following codes: K(B;}=00, K(By)=01,
15))-10. Let microoperations y, € ¥ are distributed among the operator vertices in the fol-
lowing manner:
Hh)=Y®) ={n.nt, Yo =YE)=YB)={x). FBI=VYb)= ¥l ) ={nm0t.
:‘IH'JJ =¥(h) = }r'[bu]' ={¥nh Y{b)=Y(h)=F(h,) = {1,
il )= ﬂ:bu} = f{b.;] ={n} F{ﬁlt} = F{fﬁa} = {.}'[1-.3"5] * F{bﬂj s {Fﬁ} '
In this case the control memory content for CMCU Us(T) is shown in Table 2.

Table 2. Content of contral memory for CMCU Us(l))

LILFLE
pue | o001 | o010 | 011 100 | 101 | 10
| TiT: L
00 Ivoyiya|¥e¥a¥s| Yayi |Yo¥a¥i[Yo¥i¥s!|¥oyws! woys |
01 Yo¥s [YoXiYr!Ye¥iYa| Yo¥e |Yo¥z¥s|vovelvovi¥s
|10 dvewiyel 72 | vo¥s lyonuws| ¥oys | = | oy
1 =0 7 z| z 1 ye¥s




Let us point out that transition from Table 2 to control memory implementation
straight — forward one.

Let transition from OLC outputs of GSA Ty are represented by the following 3y i
of generalized transition formuiae [2]:

B, = xb, vxb v b

B, - x,x,b, v x, %, vx_lx‘b,i RESEATE

B, = x.by, v, v, xb,,.

Such & system is the base 10 construct the transition table of CMCU U, with the fi
iowing columns: B, K(B), b, A(b.), X,.'W,,®,, k. Here X, is a conjunction of some ¢

ments % &X', determining the transition from B, €1, into microinstruction MI_; ‘¥, |
set of input memory functions to form the code K(z,) into RG, where @ € B.; ©, is al
of input memory functions to form the code Kb} into CT; & is the number of transiti
where ii=1,..., H,(T,). The subscript 2 underlines that we deal with CMCU Us. The n
Hy(T,) is equal to the number of terms in the system of the type (12). In our ca
H,{T})=10 and some part of the table is shown in Table 3.

Table 3. Fragment of transition table for CMCU Us(T).

By | K(B) bq Alby) o I
biz | 11000 | x, DiD: | -

h

!

B, | 1o | ou |000) 5, | iD5 | Dy | 2
b | 11011 | x,x, | DiD; | DyDs 3

The connections between Table 3 and system (12) as well as with Table 1 are obviai
After minimization we can get the paris of system (10} and (11) from Table 3:

D: SLENVE T NN,

B,=zz,; Dy = 2,2, X%, (13)
Dy=zz,x;: Dy=zz.xx..

Implementation of logic eireuit of CMCU Uy(T}) is reduced to implementation of svs
tems (10) — (11) using PAL macrocells and implementation of contral memory using PROM
chips. In our case Table 2 is used to implement the control memory.

Let us point out that for GSA Ty we have Hy(I' =20, and 5= H,([,)/ H,(1)=2. As
some experiments show [2], the mumber of terms in systems (10) - (11) is 5 times less than
its number for system (). Obviously, the number of PAL macrocells in logic circuit of bl 3
BMA can be found if we know the number of tenns per cell. But the ratio of the numbers of
macrocells is approximately equal 1o 7 [8).

5. Conclusions

The proposed method of modification of OLC targets o decrease in hardware amo t
(the number of PAL macrocells) in the block of microinstructions addressing of CMCU with
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W haring. This optimization does not increase the number of PROM chips used for im-
nentation of the control memory of CMCU,

I method is based on encoding of the classes of pseudoequivalent OLC permitting
ise of the transition table lines in comparison with equivalent CMCU U; withowt modi-
Hin of O1.C.

The drawback of this method is increase in the number of cycles needed for execution
vintrol algorithm in comparison with CMCU ;. But decrease in the macrocell number can
i decrease in the number of layers in combinational part of CMCL. It results in decrease
lhe cycle ime, Thus, the final conclusion about algorithm execution time should be made
| implementation of logic circuits for Uy(T) as well as for Uy(T}). Our experiments shaw
! the number of macrocells is decreased up to 30% and the number of layers is decreased
1 1. OF course, application of propesed method is possible anly for interpretation of lincar
when condition (8) takes place.

The next steps in this research are development of CAD tools for CMCU design and
ploration of possibility for given method application in case of FPGA [9].
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OFTIMIZATION OF CONTROL UNIT BASED ON PECULIARITIES OF CPLD

Barkalov A.A., Zelenyova LY., Kovalyov S.A., Lavrik A.S.
(University of Zielona Gora, DonNTU, Zielona Gora, Donetsk, Poland, Ukraine)

The method of hardware reduction is proposed which ix oriented on compositional mi-
Wiprogram control units and CPLD chips. The method is based on a wide fan-in of PAL
Nicracells allowing using more than one source of microinsiruction address. Such approach
rmits fo minimize the mimber of PAL macrocelly used for transformation of microinstruc-
lon address. Conditions for this method application and example of its application are given.

1. Introduction

A control unit is one of the very important parts of any digital system [1]. If a control
ilgonithm to be interpreted is a linear one, then it can be implemented using the model of
wnnpositional microprogmm control unit (CMCU) [2]. The programmable logic devices with
programmable array logic (PAL) macrocells are widely used for implementation of logic cir-
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