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(at+b)*c d
(at+b)*c
Vogoobygao * - / -
a2 939bGo
bHagol *g e-fg d/( e-f*g) (at+b)*c- d/( e-f*g)
Mo gemods e d (at+b)*c
d (at+b)*c
(at+b)*c

gb®ogo 1. 30lHRoJbyg@o aodmbsbymagdols A sanam@omdon yodmmgens.

@53 dggbgds  godmlobymmgdol  3GgxoJbym  Gm@dsl, Logmggmmsme
(36mdognos, ™3 030 dolbobg@bgdganos 396Jd30mbsgy®o
20M©5Jdbgd0bmgol. bod@mIdo  dmygsbogros Losmsbswm  Lsognyl@@sizom
dobogns (ofo®mdmgdol Tglgool smfgde 30gx0lygmo bo@siEoom).
5Jgob Fgodargds go39m©gl ©olggbs, MM Asdmbobymgbol sdvdoggdols
30m39Ldo syEogdgeos dobo gOMEAMYms 2 gm@dol Fs@dodmgs —
Amama;  30LAgodbydol, obggg 30gxoJlygmol, @owash  momnmgyw
domaobl o3l a0dmygbgdols 3G0om@o@ 9B Yo @ gg0do. mydize, bsdHmddo
doomgds slygghs, HmI 30gx0Jbymo Bm@ds Loglbgdom Lsgdo@obos yggans
Lobol @odydoggdol Lbo®@oe dgbdgegdolmgols.
od  obggbols  {dobps  3@s]Hogumo  @wo@gdymgbol  yob@olmgols
4oe0dwgds  06530JlyMosb  3oMEsdod  3mbERoJlydo  asdmbsbyagdols
domgdols sbogro sgam@omdo:

L. sgo@mon 2 3odogmo LEgzo ©s dogsbokmm dsom bmd@gdo 1 s 2;

2. pobgobm®izogemm  0bgodbyd@o  hobofg@ol  dm@oyo  gergdgbHols

Fogombgol daogermds. oy gL dgegermds [odyds@gdgmos, oby
aodmbobyagds 9339 Sdmofyds, 35dob dggobdyemmm 39bj@o 8;
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09 (og0mbyemo  gargdgb@o  m3g@sbos, dmgomsglbmm opo N2
bBHgdo wo powsgorgm 396dH 2-by;

0y Vogombyao gagdgb@ho goblbogo g@bboaros, Bogigdmo oyo
N BHggdo o gopagorgm 39bd@ 2-by;

g Fogoobygmo  gagdgbfo  @obydymo  gObbogos,  3590b
sdmgoomm  Nel LR ggz0o0b  gggens gegdgbBo gobemmgl  goblbogn
R@hbogrsdwg  homgmom.  ggzgms  sdm@gdygmo  geogdgb@olmgol,
2OM©S aoblbogno g®Ohboanols, sdmegdols 335 mdoby
Bgaobdgemn 39bJGo 7 ©s powsgorge 39bdH 2-by;

g Fogombygao  gagdgbho  m3g@sgool  bodobos, o6 gybigool
50b0dgbos, 35T0b Lobsd Nel LEgzol Lodgdgendo 0dbgds dmigdygeno
3905300l b B9bdEoslmsb gomgdom YBO® Jowogno 5b Geeno
300mG0dgRdolb  dJmbg  ImJdgogdol  smbodgbs,  SImgowmm  opo
bEggosb o  ggolidygamo  dol  dodo®om  3y9bJBo 7, beam
Omama3 3o bEggol  Lo@gdgendo  o@  ofbgds  dm3gdymmsb
Ygomgdom @AM dswogno  ob  Ameno  3Mom@odgBol  IJmbyg
dmJdgegdol os@bodgbs (0d dgdmbggggdols homgmom, GmEs bEggo
3oMogos,  ob  Leggzol  Lodgdgando  goblbogno  g@hbogoos),
dogdygmo  dmJdgogdol sbodgbs dmgomsgbmo Nel L9390  ©o
3oRd30Lg 396J¢ 2-by;

dmgdgeo dmdgogdols bodbol dobgogom gzoldrygamo Lodo®m
M39Mobegdol  @omEgbmdol  Fmao  [szombggdo N2 @ g3000b,
sdmEgdyen  gangdgbBgol Fob dogygdommm gl dmJdgogdol bodsbo
0dol  aomgogolifobgdom, @md m3g@sbogdols sdmegds  bogdbmes
300939 d0dg3Omdon ©s Jowgdygmo godmbsbyamgds dmgsmsglbmm
N2 UL@ggdo, @0l Fgdpgy ©og3d@ubpgm  sepagm@omdol  0d
T9o@oendo, Loowsbsi dmbps dodsdmgs 396J@ 7-by;

sdmgogme  Nel - bggoesb  gggms  @o@hgbogo  gangdgb@o o
sdmegdols 3goemmdoby dggoldgeomo dsm dodsdo 39bddo 7. N2
bAggol  Lo@ydgendo  domgdyero  aodmbobymgds  hogmgogmm
Jggao0 s ogoldymmm saam®omdols dgbGga gdo.
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Fog0mbyao (|a b ) * c - d /
9239660
Nel Bhggols (¢ ¥ * * - - /
I mIs@gmds ( -
Ne2 B@ggob a b | +ab | +ab c *+abc d d
Jamdsmgmds a +ab *+abc *+abc
Vogombiyaoo ( e - f * g
HESHEHITON
Nl bhggob ( ( - - * *
I mI>@HgMds / / ( ( - -
: : / / ( (
- - / /
N2 Lggob d e e f f g
I mdoMmgmds *+abc d d e e f
*+abc *+abc d d e
*+abc *+abc d
*+abc
{ogombaeo ) { (3o8mlobyangds
952999bGo >3m0 @)
Nel biggols . - ( / -
Jamdomgmds - ( / -
( / :
/ -
N2 Lgggob g *fg -exfg | -exfg /d-exfg -++abc/d-exfg
I mdoMgmds f e d d *+abc
€ d s+abc | *+abc
d *+abc
*+abc

3b®ogo 2. 0bgoJlydo gsdmbobyemgdosb 3o@sdod 3M9xn0Jlymols Jowgds.
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gb®ogro 2 odanggs o3 s@am@omndol godmygbgdol o ygld®sioslt hggbl
dog® gobbognygano asdmbobyegdols d0ds@m.

b9dmboblighgdo  ©olggbs  o3@™m@0l  dog®d  2odmdydogrs  dJmgao  @ogo
Vdobes  ogm@ogmo  dgeaygdol  Logydggmdy. o3 dgeaygol  Lomogy
©agReM 53Hm®L doghgy Fgdmegdgmds Fygemadgaol 369dsd.
356LOBR3BGS 1. A-samam@omndol ggmengdgmo gyfmemn seaym@omdl,
amdgaoi sbggg d0gggbgds 3mbERoJlyd hobofgmgdl s doowgds A-

seam®omndosh, my 396J@ 4-do bobasldye FgdbEL (“dgd09bgdgeno
dodgztimdom”) 9933320000 BgJbEom “Io@sdodmo dodwggamdom”.

A-seoam@omdol dggoengdygao 530bodbmo Loddbmammo A*. dg3bo'dbmm,
Amd 35bLobOgMm0Esb 30MEs300 godmdoobs®gmdl ‘dgdwgyo:

o Saam®0mdgdl A s A* 0gbd o Lodmyang odgm;

o (A*)*=A s5by gy gdgemmds OM0gOHmdgdObgoynmo gmgogs.
0S6LOLR3MS 2. My V oMol 3mbEgoJbygdo godmbsbygegds, d5dob dolio
Farmgdgmo 3gloemn obgn W asdnbsbymgdsl, @md

A*(w) = A(V)
0 W oGolb V = dgyoagdbyao, 35dob hogfgdm:

W =v*

530b0dbmm  Loddmammo R (Reverse - dgd@dgbgdygero)  Lob®ygmo
dodggtmdol  dgo@ybgdol  (M939@Lodgdol)  aoMsdbs, b
Loddmemmo P sgmbodbmm godsddbs 3mbEgodby@owsb 36g50Jlyen do.
©olg@H>E00do goBor IHoERIes, Fop@ed o ©sdHFoEIsel yo@ydy
dmgoygobmm, dgdogao ©gdgegdgdo.
03M®@JI3S 1. bgdoldogdHo 3mLERoJlgdo V hobs{g@olmgols seaomo oJgl
05bsRoMEMbS:

C(v) =R(P(v))
FIRJIBO 11 bgdoldogHo 3mbEgodby®o V hsbs§gdobmgols saomo o3l
05b5B>OMbS:

P(v) =R(C(v))
9IRId0O 12. bgooldogmo 3Mgxobygmmo X hobofg@olmgols swyomo  oJglb
05boRo@EMbS !

P09 = C(R(x)
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dmEom ‘dgga0056 30005300 3oL3gb0m, ™3 30950 Jbygao
a5dmlsbyamgdol  Jgomybgdyamo  (M9390LoMgdyeo)  [omImowagbl  dobo
gbo@ygolo 3mbEgodby®ol  Jgymargdygel. s @oysb 2ob6dodFgdom,
30bARoJbyg@ol  Igymagdbyamol  dbodgbgamdol  asdmmgans  bpgds
sanam@omdon A* (A-l Igyma gdgmom) gugdgmmdn, Gmd 36ggoJlgmo
3>dmbsbgangdols d603gbgermdols 33 bomgem gan s 00 965>
3393530gL  Bodxgbowsb  sOBbbog SwgmGomdom  A*.  gbans oy
aogomgo@olfobgdm  0dol,  @OmI  sgwam@omdo  A*  s@og@om 5@
hodmygo®gds sepam@omd A-L, 35390900 Ladmermme  bgdmsdo®gdoe
©obggboll 030l momdsby, GmI  sdmbsbyegdol 3@ggoJlymo GO
boglgdomn  gaofgrgds s>  dbommewe gubjombsmag®  as®EsJdbgdL,
5539 godmbsbymgdol 360dgbgmmdol ysdmmgasbse.
giege Hg0GRY%e ©YdYYEYdo.
FIRIVO 13. o V- 3oL goJbygdo hobsfgdos, dsTob:

R(v) = P(v*)
BIRIVO 14. my X— 3@gg80Jbyeo hobs§gmos, dsTob:

R(x) = (P™(x))*
03M®@JBS 2. bgooldogHo 3mbEPoJby®o V hobsfgmolbmgol saomo oJgl
05b5B>OMbS:

C(v) =P (R(v)
>l Fgdegy  ©5HMOL  gdmodsh  ggemgdgmol 3bgds  3@ggodlgmo
aodmlbabyagdols dododm.
056LOBR3MS 3. »y X oMol @s0dg  aodmbobymgdols  3@gx0]lyero
hoboFg®o, 35dob dolo Ygyemgdgmo gufmemm obgm Y yodmlbsbymgdsl,
™3

C(P(y)) = P™(x)
300053060 2ob3o@Rgdowsob  godmdobo®gmdl,  AmI  3Ggg0Jbygeols
dgaegdgeo obyg 3@ygodbgeo Fobsfgdos.
G063 dobsgerbymo ogo,  80g0aRIds oMY ©IHGYR0
0909 a9bdgdol bodgobgdy@o sbognmygdo.
03M®@JI3S 3. bgdoldogHo 3@ggxodbyao X hsbsfg@olmgol swyogo oJgl
05bsRoMEMbS:

C(x) =R(P*(x)
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03M®@J3S 4. bgdoldogHo 3@ggxoJbymo X hobofg@mobmgols spaomo o3l
05bsRoMEMbSU:
C(x) = P(R(x))
FIRJIBO 2.1. bgdoldogHo 3MgxnoJbygmo X hobofg@obmgols saomo o3l
05bsRoMEMbSU:
P09 = R(C(x)
GIRIVO 22. bydoldogmo 3mbERodby®o V hobs§g@obmgols segommo 53l
05b5B>OMbS:
P(v) = C(R(V))
FIRJIBO 23. bgdoldogdo 3Mgx0dbyamo X hebsfgmolbomgol spaomo o3l
05boRoMEMbS:
R0 = P7(x%)
FIRJIBO 24. bgdoldogmo 3mbERodby®o V hobs§g@olbmgol seaommo o3l
05b5B>OMbS:
R(v) = (P(v))*
Vgogaoe  gomodwgds  ©sligghs,  Amd  3mlLEgodly®o  BsbsFg@ols
©59935gg0> doMxgbosb dodbbog, Gmedsgmmgsbos dobo 3@MgxoJlbymo
gbsBygobol Igymengdgmols ©sdygdsggdobs.
>0l dgdegy IH30GRIS> YBOM BOyoro by gdgdo.
0MIM®ABS 5. w9y g >@0l bgdoldogBo aodmbsobyagdbols yg@hboa gdm
Qm®Ads (o6 3mbEARo by, 5b 3G gx0Jbyao), dsdob seaomo o3l dgdwgy
05b5B>OMbS:
C(R(9)) = R(C(9))
gbans w9 P-UL 4399 gogygeolbbdgomn aobbmyopmgdygm  go@@sdbsls,
Omdgero(s 309950Jbygeo©sb 335de0 g3l 30bBRoJly@L, boaom
3B RoJbygBoEsb — JoModom, 3G9x80Jbyel, 3@ oELgds dgdwgao.
0M3M@I3S 6. my g oGol bgdoldogHo godmbsbymgdols g@hboe gom
Rm®ds (ob 3mbEBoJuy@o, 5b 3Mgx0]lygero), dsdob dobo dgywengdyeols
dobowgdo  dgodemgds  ob  xg®  dobo  godybgds s Dgdogy
dJomgdyamobmgols dgm@g  gx@hbogrgdm  dgls@ygolol dowgds, ob xg@
LoFgobo hobofg@ols dgmeg ga@hboggdm gm®dol dJowgds ©s dgdwgy 3o
dgo@9bgds. 5by saomo o5zl mobogs@momdgdl:
C(g) = R(P(9))
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C(9) = P(R(9))
03M@I3S 7. bgdoldogto u@hboggdm g hsbs§ghobmgol swyogo o4l
05b5B>OMbS:

R(P(9)) = P(R(9))
569, 250©5J365 R 5@3mhbes o500 gdswo Gmym@3 o@wsddbs C-U
d0d50m, sUggg obbmysgdnmo P go@@sddbols 80ds®mse.
>3 mogdo  doggdgmo  Fgrgpowsb  boyoghmo  podmyggbgdgme  obs
Jmdpgabm  dobognsTo,  bmpog@mo 3o Lodmdsgerme ganmgds
3odmyggbgdsbs.
0530 2 dogdmgbs  gybJiombogmy®  asdmbsbymgdoms  odydeggdols
530™IoBobgdolmgol  aobiygmgboero  3OMaMsdgdols dgdydoggdsl, Lowo
3obbo390@ oo sEyoao ©sgmdm boddmwy® ©oggHbGgoMdsl.
Lodomey@o  ©oxgdgbzo®gdol  3Mma®sds  dgbdymes  dbmerme 1
3gool g9bjiogdobmgol, Gmdmgddoi dgodangds 0gml s8mygbgdyeno

G

4-39 o>M0mIgBAogymo  Mm3gMo30s, sboMolbgds (swbodbymo “NM-om) ©s
9990 gegdgbBodygmo gybjiogdo: sin, cos, tg, ctg, arcsin, arcos, arctg,
arcctd, sqr, sqrt, exp, In, 1g, s.

o 9oOm3oM5dgB@0sbo  gubdios wolsbgmgdom s, (dgdmgergds Lodygobs
“signed” - 60dsbo) gdgabsods@ asbolsbmg®gds: S(X) =—X.

aoVo®dmgdols Fglgool dgbfogersd dmygis Iglodmgdemds  aogsggmemm
g ga0 ©sbyggbgdo o3 Fglgdom goblobwg@dymmo dmJdgogdgdol bempswo
sbsbosmgdobmgol:

L aofo®dmgbols ymggan  bodox by oo gdgeos dgyg9demlb
aodmgymm ol dmdgogds  (89bJ3os)  @mdmol  dods@msi  bpgds
aolomdmgds.  bowos, @o3oMogos  gggemaby oMy dmdgogdoby, oby
doJdgeaooby,  Gmdgaos  Fgodargds  YPbogmegl  s@bodbyaro
aodmlbaobyagdols godmmgaols dmeoml. sdoom bpgds 0d [gbol oy gbs,
OmIganoi oJBomgdos dmgdgmo badoxobmgols;

2. 90 adgmos  Fgpggdel  3dnggoo  Sjdgsmgno  dnddgrgsol
(8:96JG00l) ggams 35058906 0;

3. 0oEgbsg 3bmdomos ojHgsmgdo dmidgegds (39bJGos) ws dobo
yggeos  30M5dgddo,  Loggm@dog  aofo®dmgdols  (glol  hodmysaodgds
‘dglodangdgeos  od 3oM0dgHMgdols ©o domo [o@Imgdyangdol dodo@rm

17



350339790 asdmbobyagdols  BHg®@dobgddo.  bowos, ogogg  [glgoo
‘dgodangds  oyml  2odmygbgdyemo  mogol  dbdog o3 3o®odgBMgdols

aoVo®mdmgdolmgols — asfo@mdmgdol Fglgdo dygbgdom @gz@Loygeos.
439039 bgdmmJdgamo g3350b5bmdl, @M 3Oma@sIgao @goaobsiools
aoogomgdols  dobbom  Jobobdgfmboanos Dgdndogogl  dows  gbo,
Omdgebgesi hodmysgodogds aofo®@dmgdol (glgdo. mommgyeo §glo
9bs  dgglodedgdmwgl  gom  dmdgogosl  (gubdaosl) s Jmbogl
Lbomobom  309g0Jlymo  gubjaombogma®o  asdmbobymgdols  gm@dols
nodyoll  Lobg, ®mdgeedoi  aodmoygbgds  dmddgogdoms  (B9biE0oms)
ombodgbgdo, sa@gmgg  bmaog@mo  joblEsbRgdo s gobofo®dImgdgero
aodmbobyagdols  30MsdgB@gdo s  domo  Fo®dmgdygmgdo. o dogosb
>OLgdomos, MM gl oM gdo oyml dgdergdolipaggodo mgsabshobe.

aobofo®dgmdgemo aodmlsbyangds ‘dglodosdobo  Fo@dmgdbyao  dows
309950JLygemo ‘dos gboby 965by

Lobom

+uv +ab +AB

-uv -ab -AB

*uv *ab +*Ab*aB

luv lab [-*Ab*aB*bb

Auv ~ab +**AbMa-b1**A”abga

sinu fa *gaA

cosu ga s*faA

tgu ha /Anga

ctgu ia s-Anfa

arcsin u ja /Ao0-1na

arcos u ka s/Ao-1na

arctg u a /A+1na

arcctd u ma s/A+1na

sqr u na *2*aA

sgrtu oa |A*20a

exp u pa *paA

nu ga /Aa
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lgu ta /A*agD

su sa SA

ab®ogo 3. yofo®mImgdols Fgbgdo dows 9bsby.

odobomgol, M3  aobopgdo  aobpgl o3 9boby  hodmysemodgdymno
bgdmdmygobogro aofo®dmgdols [glgdo, Logdo®obios omdgol dgdwgyo:

1. 53 Q@Y 9ddo SM0mIYH0 e dm Jdgogdoms 60'dbgdo
YEE IS 2dIMESbogro,  bo@m  sbo®olbgds  s@0bodbgds
Lboddmegommno N,

2. g9bd30gdo  yosbmddogos dzoMg bmdol  omobydo  slmgdom,
wsfygdgeo T-om;

3. 5J@ygomydo  dmJdggdoll  3oGgga@o  3oMsdgBH®o  s@obodbgds
Loddmemmo @, bogm dgmeg 3s®sdgd®o  jo  Loddmemmo D’

domo [omdmgdagagdo 3o 500bodbgds dglsdsdolow ‘A’ s ‘B’-mo.

©oy3@bs  dg360dbmm, @m3 dm@mlfobs gm@dymsdo Loddbmgnmmo ‘D’
o0bodbyeos  @oibgo 10, godEs  sdobs, S-0m  s0bodbyeos  gubiios,
Omdgeoi3  osdMYbgdl 3b0dbgermdsl, Jowgdyeml 3o@sdg@®osb  dolo
60dbols ‘dg3geom.
goboosh  3@ggoJbymo  hobofgdo BoJBmdMogo  Fomdmowygbls
d03©ggOmSsl, Gmdaol monmggao Fyz0o >Gob b dmdgegds (Fabdzoo)
ob  m3gMsbwo, d9bgdMogoe  Asodmoygy®gds gl 30dEggamds  dmmogliogl
39JBm®do, Gedgols momnmgymo gangdgb@o ob dmJdgogdss 5b m3g@msbwo.
>Jaob  odowoboty,  addhm@ol  gagdgbHol - Godse  Fgodbs  Fgdwgyo
LOO )G aGs:

struct Telem

{char operand; // 0 603bogls ImJdgegdsl, 1 3gesl, boam 2 doibgl

union { char nomer; // 3mJdggdolbomgols s@bodbogl ol bmIg@s

double mnish; // doibgolbmgol — oo 360dgbgermdos

}
h
s>dols dgdgy 3OMAMsdymmo YbOYbggaygmeol dgdyndoggbolbogols ag@bgds
g3 ga0 ImJdggdgdols Ggoeobgds:
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L. aodmbobyangdol  boggobdm  (@mdganoiz dmermlb  bOgaogds)
dmJdgegdol  owygbs.  3Mgx0dlge  bm@siosdo gl godMogrme
60dbogl aodmbobyemgdols Lofgolo gergdgbBol go®g3935U;
2. 0y LoPyobo gengdgb@do o@ o@ol dmJdgogds (¥9bJEos), 3ds5Tob
3obgboll @ob@ybgds (1, my @Egeoos s 0, my JoblLEHIbESS).
boaem  {oboswdpgy  dgdmbgggedo 3o dglsdodolo  gm@Iygaols
999339500 LEA@oJmboli gos@oydgods;
3. dopgbgdyeo  ge@dyaol dobgogom  3obybol  oggds, @olmgobss
5930 gdgeos  0dbgds  Lokodm  @omgbmdbols  35@sdgB@gdols
Sdmwgds s domo  holids  3sLybdo  Fe@Igmom  oblsbrgd e
saombg,  dglodenrms,  aofo@dmgdol  gybjioom  bgdmJdgogdols
99909y (boggmamo msogol Mg39@Loygao asdmdsbgdom);
Lodmgomem  3obygbols  dowgdols  ob  Loligdgganos  godmlbsbyagdols
2odoMB03go0l 3GmEgeg®ol (dgmmeol) asdmdsbgds.
Mgoeobgdols yoswgoegdolmgols dgdmegdygan 0dbs C++ ols LFsbws®Eyano
vector — ols dgdjgoe@g Vector ‘dgdwgabsodsg:

template <class T>

class Vector : public vector <T>

66|’)

499330009 ©59ds@s 3mbio@gbsool m3g@msos, @mIgamoi smobodbs
0o ©s dgmempo  SubVec, @mdmol  ©sbodbymgdss  J3939]Bm®0lb
5 9bgds b g0 Sbogmp00m 0dsbmosb, [ON INE 335de0g3ls
J39LE®0Jmbgdols dowgdolmgol LEsbos®@yemo dgmmeo Substr.
Ago@obonsd,  @mdgemoi gbogmes  C++ —bg  dmoigs  dgdwgyo
‘Jgbodangdanmdgdo:

Tgam Togam(string X, int &res) —

aodmbobyagdols yomaygsbs 06x0Jby@osb (LEH®oJmbowsb) Jows Lobgbyg
(Bodo  Tgam). Jgaemdol dgdmbgggsdo  dgmeg  3oM5dgBH®o  odanggs
‘dgbodsdolo 3mboiools bmdgdl, my oGS ©s 030 WSSbAYbydL (-1)-L.

string Tostring(Tgam Xx) —

aodmbobyagdols gomaygebs dows Lobowsb 0bgoJly@ by.

double Gamotvla(Tgam G, double x=1) —

300390 35M5dgA@om  dJmgdygero  aodmlsbymgdol godmmgms  dgmdg
350539H®0m 2oblobmg®ymo geowols 3bodgbgamdolmgols.
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Tgam Dif(Tgam x) —

3009]d o 3Ggg80Jbymo  asdmbsbymgbosb  (30Mggeo  35@odg@ o)
dobo  (o®Imgdyeol  dgbs@ygobo  30gx0byao  asdmbsbyangdols
©5609bgbs Y dgogme bgdmdmygebogr Bm@IyYmgdby oyMbmbdom.
Tgam Gamartiveba(Tgam G) —

9L 396J30s 9bO9bggergmaals 309950JLgemo aodemlbabya gdols
2odoME0ggosb.

@9o0bo300L @ Roergdo 53 megdo wsfg@oagdom s@ol gobbognyyano.
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Abstract

The dissertation “Some aspects of software portability and extensibility” examines
theoretical and practical aspects of methodological means intended to improve
important parameters of software quality, such as portability and extensibility.

These methods are based on so-called “Polish notation” of representing
functional expressions. In terms of this, a software package facilitating work with such
expressions has been created. Actually, this can be regarded as an extension to a
programming language, which provides programmers with brand new ways of
handling substantial class of problems. Two different versions of the mentioned
software have been designed.

As for the first version, it was developed with Pascal programming language
as an independent module. Reverse Polish Notation is used for internal representation
of expressions, implemented by linked lists. The module comprises two main
components. The first one is a function, which analyses string containing functional
expression written in infix notation and returns an internal representation of the same
expression but converted into postfix form, provided that no errors are found.
Otherwise, a message containing information about the error is returned. The second
component, also a function, evaluates the expression using values of variables, passed
as arguments to the function. Generally, the expressions can contain several variables
with all four arithmetic operators, two types of exponentiation (with integer and non-
integer exponent), some elementary functions and one ternary operator. This particular
implementation was part of the software package developed by a department of
computer software of Thilisi State University in 1999. Exhibited within an exhibition
“Info-99”, the software was awarded diploma for the 2nd place.

The second version, is designed with C++. In contrast with the first one, this
implementation is limited to only single variable expressions with all four arithmetic
operators, exponentiation and elementary functions. Vector data structure is used for
internal representation of functional expressions. Not only does it support converting
string expression into internal representation and vice versa, but also differentiation
and simplification. Based on this version, a C++ class could be created, providing a
better experience for programmers when dealing with certain sorts of mathematical
problems. Description of an interface of this class is also covered in the following
thesis.

Within the scope of this dissertation, a conception of teaching computer
programming basics at introductory level has also been developed. Based on a
modification of Turing Machine, yet preserving the key ideas, this methodology is
platform independent, portable and easy to use. Implementations of the concept have
been used in classes held at St. Andrew the First-Called Georgian University of the
Patriarchate of Georgia and boarding school “IB Mtiebi” since 2014.

The topicality of the subject is provoked by stably high rates of software
volume increase and the fact that the computer usage area currently covers virtually
every field of human activity.

The principal results of the thesis are the following:

1. The term of a conjugate to parenthesis-free notations of algebraic
expressions was introduced and the regularities associated to this term
were detected. The author has given a strict mathematical proof that it is
possible to withdraw the necessity of convertibility from postfix notation to
prefix and vice versa. This is significant for problems which require not
only computing the numeral values of functional expressions, but also their
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functional translation. On basis of these results, a software was developed
which enables the user to operate with functional expressions as with any
standard data type.

Set of algorithms providing functionality of converting between polish
conjugate and standard polish notations has been introduced.

The algorithm involving two stacks for directly converting from infix to
prefix notation has been designed.

The methodology of enabling programmers to perform differentiation of
functional expressions using an internal language created for this very
purpose.

The interface part of special class which enables the user to processing
functional expressions from the level of algorithmic language was
developed.

The conception of modification of Turing Machine intended to facilitate
conveying the basics of programming to beginners has been developed.

The following paragraphs suggest the scientific originality of the thesis:

The term of a conjugate to Polish notation, 7 stated and proven theorems
and 8 results introduced by the author are brand new.

The algorithm of directly obtaining prefix notation of an expression from
the corresponding infix notation using 2 stacks is new.

The new is also all algorithms concerning the conjugate.

The internal language for describing the rules of differentiation and the
corresponding implementation (which is portable and extensible) are
completely new as well.

Overall, the methodology enabling performing transformations of
functional expressions (given as a string in a natural form), including
differentiation and evaluation (with specified values of variables).
Moreover, programmers are able to conduct all these operations from a
programming language.

Finally, suggested modification of Turing Machine.

The practical value of the dissertation consists in the fact that all developed
concepts have been implemented as software.
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