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Modification of Difference-lterative Algorithms

Inga Nikolaevnha Bulatnikova* and NataljaNikolaevna Gershunina*

Abstract : Extension of possibilities of known difference-iterative al gorithms has been carried out with theaim
of class extension of realizable on microprocessors functional information processing for thelocal automation
systems of technological objects and processes. The basis of such extensions are mathematical models of
differential-iterative algorithms. For this we have introduced the concept of the function y = sign x, limit
values, iterable values, conditions for the convergence of the iterative process. The expansion of the class of
mathematical functions adaptive to their implementation on microprocessors ensures its wider application in
theautomation of complex technological processes. Thiswill simplify the design of algorithmic support of such
microprocessor-based systems because of the integrality of difference-iterative algorithms.
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1.

introduction of microprocessors(MP) they were applied for software implementation [4], [5]. They received

INTRODUCTION

Difference-iteractive methodsare non-anaytic computation methods providing digital modelling onthebasis
of final incrementscalculation of iterative magnitudes covering iterative processesto desired calculated values[1].

At firg, difference-iterative gorithms (DIA) were applied for hardware implementation[2], [3]. After the

specid development inthe algorithmic software of MP due to their speed and absence of operations, such as:

multiplication, divison and other so-cdled “long-operations’ in their command set [6].

The M ethodological Basisof the Sudy

Thestructureof DIA isthat theright-hand Sdes of therecurson equationscontain only addition, subtraction,
arithmetic shifts (left or right) of itsdifferent additive members.

For example, thefunctionz = (=) canbe caculated accordingto DIA [7]:
) +1if Z,_, >0;
Ga=9M%1% 1572 <o
Zy = y=X
Zi=Z_1=G_ry-2
Z —0;
Yo = Y—X%
Y=Y, _,—q_,-x- 2
Y. (x-y)’
y

Hereand theni isaniteration number, =1, 2..., n, nisdigit bit of arguments.
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The synthesis of new DIA is conducted by aheuristic method because the DIA theory is not sufficiently
developed [8]. We have congtructed mathemeatical modelsof the main typesof DIA [9] that allows modifying them
and significantly expanding the class of functionsredlizable by them.

Herethereare anumber of such DIA modifications.

TheFirst M odification of DI A

2 2
TheDIA, givenin[10], computes z= Xx+y (x>0, y>0):
Q_q = 9ON(X;_1 =Y, _y);
Xo = %,
Xi = Xi_1=G_g-y-27,
X — Xty 2
n X_|_y
Yo=Y
Yi =Yt G X 27
Y, > X

On the basis of analysis of the mathematical model of DIA [5] we have made its modification: y and X,
sanding intheright-hand sides of the recursion correlation arereplaced by 2wand 2u, respectively. Besides, it is
assumed that argumentsx, y, u, w may have any sign (+ or -).

Themodified DIA will havethefollowing form:

g _, =sgn(X;_,=Y,_,)-sign(u+w),
Xo = %, |
Xi = Xy =G_g w227,
XU+ yw
n u+w ©)

X
2

<

O:
_ 1-i
i =Y g _gru-2t

-<
< <

<
J
X

n n

X j—
The condition of convergenceis Y
u+w

<2

DIA (3) alows calculating function of four argumentsx, y, u, w. Thisfunction isweighted average of two
valuesx, y taken withweightsu and w respectively

F(x, y,u,w) = w.
u+w
Thevirtueof the DIA (3) doesnot end there. Supposevaluesx, y, u, w aretaken asequal to
X=K-t+m,
u=k,-t+m, (4)
y = K/ t+ %
w=K, t+m,

1
where k, k. k. k, arenatural powers > taken withthesign + or —.
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Thisprovidesthe calculations (4) withthe arithmetic shiftst and subsummation of numbersm, m, m,,m,
Then DIA (3) will calculate afunction of onevariablet [11]

At? +Bt+C
Ft) = ————. 5
© Dt+C ©)

Codfficientsin (5) dong with the coefficients of representations (4) can be selected such that (5) will gpproximate
the required function (including the given one tabularly) onthe preassgned (working) interval of t variations. For

example, f(t) =sin /t or f(t)= \/sint and soon.

Theintervd for t isset withthereal domain of MP applicationin devicesof loca automatization.

We havedeveloped [12] acomputer program of obtaining coefficientsin the expression (4) in accordance
withtherequired functionf (t) (or setting table).

The Second M odification of DIA

TheDIA [7] of multiplicationand divison without restoration (reproduction) of remainder arewell known.

0 _, = signW,_,;

WO =W,

W, =W,_;—q_,-y-2t7, (6)
W, —0;

V., =,

0
Vi Vit gogex- 2t

V,—> V+ V—V X.
y
Inorder to increase the degrees of numerator and denominator polynomidsin (5), that increases gpproximetion
of function f(t), we modify DIA (6). For thispurposeit will be presented as'two-storied'. Thenit will beableto
caculate

F(s y, X, wu) = S+%.[W+%.U] (7)

SuchDIA calculatestheexpressonin bracketsonthefirst “floor” and onthe second it calculatesthe expression
(7) wholly. Moreover, in order to accelerate, the partial result is passed into each iteration in bracketsto the
process of caculating expression, writtento theleft of the bracket. Deduce DIA for calculation expression (7) by
the method of mathematical induction.

We represent thefraction % only by three summandsfor reduction of records

% =0Qy.2%+0q,.22%+0q,.273 (8
and then the result will be spread onto n summands.

Subgtitute theexpresson (8) into theright-hand part of theexpresson (7).

We have

S

s+(gy.21+0q,.22+0q,.29).[z+q,. 2 +q,. 22 +q,. 27).

=s+Qy,.2%+q,.2%z+q,.2%.2+(,.23. 2+ (9,. 2 +Qq,. 2% +0q,.232.u

s+q,.2t+z+q,.22.2+0q,.23% 2+ (92.22+u+q,%>. 2°%u
+2q0.q1..23.u+2q0.q1..23.u+2q0.q2.24‘.u+2q1.q2.25.u
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Wegroup together thelast summandsin thefollowingway :
S=s+q,.2.z+22.u+q.2%.2+2q9,.0,.272.u
+2%.u+q,.2%.2+29,.0,.2%.u +29,.0,.2°.u +2°.u (9
Itistakeninto account that q,> =1, g,%=1, g,2= 1. Further weconvert theexpressionsby introducing a
new iteration value.

RO =z

R=R_,+q_, u2" (20)
Thenitsfirs three memberswill be

R, =2z

0
R, = Ry+Q,.u.2t=z+q,.u 2%
R, = Ry+Qy.u.2%+q,.u2?
=z+Qy.u.2t+q,.u2? (1)
Substituting threeexpressionsfor R, (i =0, 1, 2) (11) into grouping onlinescomponents (9), weobtain more
compact notation:
S=5s+(2R,-2.0,.2 '+ 22. u+(2R,-2).q,.27
+22.u+ (2R,-2.0,.23%+ 2% u (12
We notice that theexpresson 2R,—z=z hasalready beentakeninto account.

Asfar asinexpression (12), R hasacoefficient which equals2, thereforeto excludethismultiplication, it is
necessary to add 1 to power 27, weget 27 +1. As 2zis present in the expression 2R;, then one zwill be subtracted
(see(12)), and the second z will betransferred into theinitia value R, =z

So thefinal DIA hasthefollowing form (we extend the number of iterationsto n).

Gy = SGNW,_y;

W, =,

W =W =g _g-x-27, (13)
W, —0;

Ry = w,

R =R_;+q_;-u-2t7,

Rn—> W—l—ZX.U;
X

S =S

S =S_;*+R_;-q_;- 2171+ 27,
S > S—i-l. W—}—X.U.]

n X X

DIA (13) dlowscdculating rational functionswiththe usage of subgtitutions asin expression (4).

At +Bt* +Ct+D
Et?
Such functions (14) allow to approximatethe necessary functionsf (t) at the giveninterval t more exactly.

TheThird M odification of DIA

F() = (14)

ThesameRIA (6) can bemodified to compute functionsof theform:

W V
= p+t—.—
Flp,w v, Vv, 2 p Yz (15
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It makessenseto congder two variants (with theright shift and with more accurateleft one). Theinitia stages
of DIA (6) and such corrdationwhich helpsavoid multiplication operation and so called dynamic multiplicationare
onthebass[13],[14].

(o1 +vi) Bisg—m) = Bt )+ B Vi o Y Ky
wherey, | and p, _, arevalueswhichequal Oor + 1.
We candemondtrate amodified DIA (1 variant).

g _, = signW,_, .signy;,
W, = w,
W =W_ —qg_.x 2.y,
W, —0;
g _, = SgnV,_,.signz
Vo =V,
Vi =V, -g_y.2.27,
V,— 0
S, =0,
§=S_1*+q_,- 2" (17
W.
S, — ;
T, =0,
T =T *tg ;.27
V.
T,— Ea
P, = p,
P=P_ +q_ . 227MT_ +g_ . 20708
+ Q.. 272070
W Vv
P - p“‘;-;

Theadvantageof DIA (17) isthe possihility of two divisionsimplementationsand one multiplicationin the
integer arithmetic (only dueto addition/subtraction, arithmetic shiftsand branches).

The disadvantageisagreat number of arithmetic shiftsto theright and low accuracy, unlessabinary bit
network (hardware or software) is used.

Therefore we demonstrate one more (the second) variant of the modified agorithm (6). It isbased onthe
principle of synchronouszooming (some interactive vauesare multiplied by avariable scaled multiplier 2%(i-1)).
Thereby we can avoid Sgnificant portion of shiftsto theright [15].

g _, = signW,_, .signy;,

W
WO— El
W, =2.Wi =0y
W, —0;
g_, = SgnV,_,.signz
v
VO— El
V. =2V z

i Vi1 T8 g
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_21—i’

V,— 0

S, =0,

S=S_,+q_,.2",
w,

S,— y'

T, =0,

T =Ti_1%g_,
V.

T,— 7

= 2.

P, = 2°

gt 0 T e g

P [pﬂ_vx.].z—n.

y Z

(18)

S

2(1-i)-
1T Oy 220

Convergenceof both variantsisensured at ‘%‘ <2and ‘Vz‘ < 2 gmultaneously.

Additiond advantagesof the second variant of DI A (18) areincreased operation and accuracy. The disadvantage
isthe necessity of the doublebit network existence (hardware or software).

2. RESULTS

Tablel. Left part of table of absoluteerrors(in unitsof lower binary bits).

v
p =200

400 -550

z -500 0.556 0.619
200 0.800 0.857

y 1350 0.499 0.820
—425 0.875 0.950

—750 —1400

p =200 W

Table2. Right part of table of absoluteerrors(in unitsof lower binary bits).

w
~1650 1450 p=200
0.495 0.008 600
0.909 0.392 ~1200 y
0.510 0.042 650
0.851 0.889 200 g
1300 805

y p =200

The computer redization hasbeen madefor DIA (18) accuracy checking. Theexact value has been caculated
in accordance withthe expresson (15) and algorithm (18) intheformat of integers.
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Absolute errorsare given (shown) inthetable 1 andtable 2 (for n =15 and p = 200) for anumber of arbitrary
setsw, y, v, Z

3. DISCUSSIONS

The proposed dgorithmsfor computing complex functionsbelong to the class of integer dgorithms. These
algorithms operate onintegersand display theresult also in the form of integers. They arevery convenient to
implement on microprocessors smplified architecture. Thelatter circumstance providesthe smplicity of their
design and hardware high-speed processing of information with smple commands (not harder "add-subtract™).

All of theseinteger algorithms are based on the laws and properties of integer arithmetic. Inthe process of
their creation are used methods of digita interpolation of geometric objects (straight line, circle, exponentid, etc.).

More complex geometric objects(perpendicularsto curved lines, theintersection of two straight lines, crossing
with other curves, etc.) arebased on their model propertiesand information fromanalytic geometry. Thisalows
to solve anumber of complex, for example, the kinematic task inthe smulation of mechanismsand machinesto
replace real physical objects by modules, software implemented on microprocessors.

Further studieswill be carried out towardsthe establishment of new iterative processesto empower the so-
called non-analytic algorithms, e.g. for solving theinverse problemfor robot manipulators[20]. Such agorithms
arevery effectivefor usein e-kinematics and mechatronics[16], [17].

4. CONCLUSON

All thiscreatesthe preconditionsfor wide and successful use of microprocessorsin theimplementation of the
tasksof the so-called e-kinematics [16], mechatronicsand manipulationrobots|[18].

We consder that DIA, especially modified oneswill receive awide application in microprocessor devicesfor
theloca automeatization of technologica objectsand processeswiththeaim of ensuring broader dassesof redlizable
functional information processing [19], [20], [21].

5. REFERENCES

1 Anishyn N.C.,1984. Synthesis of iterative algorithms for computing elementary functions. Journal Multiprocessor
computing structures, 6: 40-42.

2. Volder J. E.,1959. The CORDI C trigonometric computing technique. The Trans. On Electronic Comp.,Val. 8, 3: pp:330-
334

3 ReikhenbergA. L.,1980. Thearithmeticdevice. Certificate of Authorship 960802 USSR MK 3 GO6F7/38.

4. BaikovV. D., BakanovA. E. and Pashkevich S. N., 1981. The standard program of cal cul ation of elementary functionsin
microprocessors. Journal Questions of radio el ectronics. Ser. EVT, 13: 93-98.

5 Baikov V. D. and Vashkevich S.N., 1986. Solution of trajectory problems in microprocessor systems of computer
numerical contral. L.: Mashinastroyeniye, pp:208.

6. Alumyan R. S. and et a., 1988. Micro-computer with a reduced instruction set. Journal Microprocessor means and
sysems, 3: 16-19.

7. AnishynN.C., 1985. Methods of analysisand design of differential-iterative algorithms. Scientific - educational and
applied journa "University News. North-Caucad an Region. Technical SciencesSeries’, 4: 33-35.

8 OranskiyA.M., 1977. Instrumental methodsin digital computer engineering. Minsk: Publishing House of BSU, pp.208.

9. Bulatnikoval.N. and et a., 2004. Mathematical mode sof differential-iterative algorithms. In the Collection of Scientific
Papers of the International Conference "New Information Technologies'. M.: Moscow State Academy of Instrument
Engineering and Informatics., pp:3.

10. OranskiyA.M.and RelkhenbergA.L ., 1980. Digital Functional Converter. Certificate of Authorship 744595 USSR MK12
GO6F15/34.

11 Bronsteinl. N. and Semendyaev K. A., 2007. Handbook on mathematics. M.: fizmatizdat, pp:608.



304

IngaNikolaevna Bulathikovaand NataljaNikolaevnaGershunina

14,

16.

17.

Bulatnikova l.N. and Chastikov A.P,, 1999. Mathematical software of the automated working place of Algorithm
Developer for microprocessor control systems. Scientific - educational and applied journal "University News. North-
Caucasian Region. Technical SciencesSeries’, 1: pp:3.

BulatnikovA. A., 2009. Calculation functionsin microprocessor sysems. IntheMaterialsof 11 international scientific
student conference " Scientific potential of studentsin the X X1 century”, 1: pp:278.

BulatnikovA. A. and Danovich L. M., 2010. Functional transformation and processing of information on thebasi s of
integer algorithmsand microcontrollers of RISC-architecture. In the Collection of scientific works of students of the
department CTAS, 2: pp:14-18.

Anishyn N.C.,1987. Mathematical models and design of algorithms for computing fractional functions. Scientific -
educational and applied journal "University News North-Caucasian Region. Technical SciencesSeries’, 1: 36-42.

Frolov K. V. and Bahitsky V. |., 1986. Mechanicsand theart of design in theera of the computer. Journal Inventor and
retiondizer, 12: 16-17.

SmirnovA. B., 2003. Mechatronicsand robotics. SPh.: publishing house of SPBSPU, pp:160.

Platonov A. K., 1984. Problems of development of microprocessor means for control systems of robots Journal
Microprocessor meansand systems, 1: 22-27.

KoshkinV. L., 1989. Hardware systems of numerical control. M.: Mashinostroenie, pp:248.

Nikiforov S. O. and et al., 2012. Management and use of rotary manipulation of mechatroni c systems. Journal Automation
and modern technol ogy, 6:10-16.

Zenkevich S. L. and Jushchenko A. S., 2004. Basic control of manipulation robots. Moscow:MGTU named N. Uh.
Bauman, pp:325.



