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B OrxkpblIToii pacnapaluienyBaroleil CHCTeMe peai30BaH PEXKUM KOMIHJISILIUY C aB-
TOMAaTHYECKON OLIEHKOU MOTPEIIHOCTH BBIYUCIEHUH B 3aBUCUMOCTH OT IIOTPEILHOCTH
HavyaJbHBIX JAHHBIX U OKpYIJeHus. Takke paccMaTpHBAIOTCS HMpeoOpa3oBaHus HpO-
rpaMM: MPOTSATHBaHHE MHTEPBAIBHBIX KOHCTAHT, YaCTHYHBIC (CMEIIAaHHbIC) MHTEP-
BaJIbHBIC BBIYHCIICHUSL.

AUTOMATIC ESTIMATION OF CALCULATION ERROR SUBJECT TO
INITIAL DATA AND ROUNDING ERRORS IN PARALLELIZING SYSTEM
/ D.N. Cherdantsev (Rostov State University, 105 B. Sadovya, Rostov-na-Donu
344006, Russia, E-mail: denis_tch@mail333.com). Compilation mode with automatic
estimation of calculation error subject to initial data and rounding errors was engi-
neered in Open parallelizing system. Program transformation such as interval con-
stant propagation and partial interval calculation are also considered.

[TapanienbHble METO/IBI BBIYMCIICHUN MPUMEHSIOTCA B 3a/1a4axX ¢ OONbIIUM 00b-
€MOM BBIYHUCIIEHUH. B Takux 3a7auax o4eHb aKTyajabHa MpoOiieMa OLEHKH MOTPEITHO-
cTy BelunciaeHud. Clenyer OTMETUTh, YTO PYYHOU IPOLIECC BBIYMCICHHS OLEHOK IO-
TPEIIHOCTH UHOTJIA OYE€Hb TPYI0EMOK.

B pamkax OrtkpeiToii pacnapamtenuBatomiein cuctemsl (OPC) [1] peanu3oBan
PEKHUM KOMIWJISILIMM ¢ aBTOMATUYECKON OLIEHKOW MOTPEIIHOCTH BBIYMCICHUN B 3aBU-
CUMOCTH OT MOTIPEIIHOCTH HAadaJIbHBIX AAHHBIX W OKpyrieHus. [lomydyeH koHBepTOp,
npeoOpasyIoluil MoJIb30BaTEIBCKYIO MporpaMmy Ha si3bike CH B HOBYIO MPOTPAMMY,
KOTOpasi MOMUMO 3alpOrpaMMHMPOBAHHBIX IOJIb30BAaTEIEM BBIYUCICHUN BBIJACT U
OLIEHKH MOTPEIIHOCTEN IPOBEAEHHBIX BHIYMCIIEHUMN.

Jlns pacuera MOTPENIHOCTH, BHOCHMOW IIOIPEIIHOCTBIO HAYaldbHBIX JaHHBIX,
IPOM3BOJUTCS 3aMEHa BXOJHOU MEpeMEHHOM mapoil yucen (Hampumep, nmepeMeHHas
A 3amensiercsa mapoit (A, A_err), rae A — npuONIMKEHHE K UCTUHHOMY 3HA4YEHUIO, a
A_err — OlLIEHKa MOJTyJIsl MAKCUMaJIbHOM OTHOCUTENIbHOW MOTPEIIHOCTH) U Mepeonpe-
JeJieHrne apu(pMEeTUYECKUX ONepalni.

Omnepanuu nepeonpeeNioTcs Caeayonmm oopasom [4]:
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A+B:(A+B,LA err + 5 B err),
A+B ~ A+B ~

B err),

A-B= (A+B,LA_err+ B
A-B A-

A*B=(A*B,A_err+B _err),

A/B=(A/B,A _err+B err).

JIJis SI3BIKOB, HE TOICPKUBAIOIINX MEPEOIPEICIICHUE ONEPAIHiA, B MPOTPaAMMy
HEOO0XO0MMO JJOOABUTH OINEPATOPhI, BHIMOIHSAIOIINE PACUeT OTHOCUTEIHHON MOTpel-
HOCTH.

Jlig yueta ommOOK OKPYTJIEHHUS PAacCMaTpHUBAETCS CUMMETPUYHOE OKpYTIEHHE,
a0COTFOTHOE 3HAYCHNE OTHOCUTEIBHOMN MOTPEIIHOCTH KOTOPOTO JIJISl IECATHYHBIX YH-
ceJl UMEET BHI:

r=5%10",
/i€ ¢ — KOJTMYECTBO 3HAYAIuX nuudp.

st OBM, paboTaromumu ¢ IBOMYHBIMHU YHCIIAMH, aHAJIOTUYHO UMEEM:

r=2".

B utore ans ydyera o0ouMX BHUIOB MOTPEIIHOCTEH OMEPALUU MEPEONPEACTISIOTCS
CJIEIYIOIUM 00pa3oM:

A+B:(A+B,LA err + 5 B _err+r),
A+B A+B

A—Bz(A+B,AiA_err+AB B err+r),

A*B=(A*B,A _err+B _err+r),
A/B=(A/B,A _err+B err+r).
OCHOBHBIM MHUHYCOM TaKOTI'O I1OX0/1a SIBJIAETCS YBEIMUEHUE KOJIMUECTBA BHIYHC-
JICHUH.
[Tpumep padotsr OPC npuBeneH Ha puc. 1. B qanHoM ciydae juig oneparopa
a=a*b+c
(JIleBoe OKHO Mporpammbl) ObLT MOCTPOEH JOTOJIHUTEIbHBIN ONepaTop, BBIYUCISAIO-
AN MOTPEIIHOCTh (IIPABOE OKHO MPOTrpaMMbl) C yY€TOM HaJU4us MOrPEIIHOCTH Ha-
YaJbHBIX JTAHHBIX M TOTPEIIHOCTH OKPYTJICHUS MpH 4-X 3HAYaIIMX JECATUYHBIX LUQ-
pax.
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°** Open Parallelizing System (OPS) v 3.0 - [e:\steinberg},0ps3\bin\samples\Misround of Numbersamplel.c] _(Of x|

Fle Edt Yew Window Help

Document | 4 b x| Transformations
void £() ﬂ Transfarmations: Transformation Result:
{
dowsle ak, e - Partitioning by IF -] =]
a=am + o ~Temp Arrays void ()
L Yar To Array 1
=1 Recurrent Loop double a:
Recurrency Elmination  [double b;
Mapping of Recurrent L |double o
=|- Loop Mest double a_err:
- Interchanging Loops double b err:
- Iteration Space Splitting | |downle ¢ err:
Multicim Var Substitutio | f=_err=({(( (s errs1)+(b_errs1)|+0.0005) #{ (a*h)/( (a¥h)+c)) ) +(c_ere® (ef ((afh)+z) )] +0.0005) ;
Renaming &= (ath)+o)
| Loop To Mested Loops b
- Loap Nesting
- Strip Miring
|- Caleulations Precision
Partial Evaluation
Misround of Kumber
(=) Back End
MPI Producer
~MFI Producer Ex —
([
[¥ Take initial data mistake
' Dedmal numbers
© Binary numbers
Fraction capacity |4
4 »
Selector | Marker | " Transformations | Graphs |

Misround of Number is completed successfully, ;I

sdiL & %
L]

x

[

&
2

Ly of

Resdy

SN

Puc. 1. Dxpan nporpammer OPC. Jlnst oneparopa a = a*b + ¢ (J1eBoe OKHO Iporpam-
MBI) OBIT OCTPOEH JOTIOJHUTEIBHBIA OIEpaTOp, BEIYUCIIONINN MTOTPEIHOCTD (TIpa-
BOE OKHO IPOTPaMMBbl) C YIETOM HaJIW4Hs HOTPENIHOCTH HAYAIbHBIX JAHHBIX U I10-
TPEIIHOCTH OKPYIJICHHS NPH 4-X 3HAYAIINX JECSITUUHBIX I(pax.

Crnenyet otmeTHth, 4T0 B OPC ecTh BO3MOXHOCTb AJIsl IOMYUYEHUS OLIEHKH 3Ha-

YeHUs1 a0COMOTHON OMMOKH, KOTOpast ISl TEKYIIET0 puMepa UMEET BUJIL:
((a_err*1+b_err*1+0.0005)*(a*b)/(a*b+c)+
+c _err*(c/(a*b+c))+0.0005)*
*(a*b+c).

OPC cpencrtBamu ynpoIieHus: BbIpaKeHUH U MPUBEACHHs TOJ0OHBIX npeoldpasy-
€T 3TO BBIPAXKCHUE K BHILY:

(a_err+b _err+0.001)*(a*b)+(c__err+0.0005)*c.

[Tpu mocTpoennu HopmyIT OLIEHOK TSI BRIPAKCHHMA, COACPKAIINUX BBI30BBI (PYHK-
Ui, nHoraa Tpedyetcs O6onbiie ycunuid. Eciii B HICX0IHOM BbIpaXeHHH MPUCYTCTBY-
eT BbI30B ¢yHkuuA f, TOo Mg oneparopa, OLIEHUBAIOIIETO MOTPEIIHOCT, OyJeT Mo-
ctpoeHa aononHUTeNbHas QyHkus f err. @ynkmus f err — oreHKa omMOku (yHK-
u f. [lpu 3ToM ecm y ¢ynkuuu f Obim popmanbHbIe TapaMeTpbl, KOTOPbIE MOTYT
UMETh TOTPEITHOCTh, TO Y PyHKIMHU f err kpome 3THX mapaMeTpoB OyIyT elle mapa-
METpBI, 171 Tepenauyn 3HaueHui nmorpemHoctu. B tene ¢ynknum f err OynyT mepe-
onpezaenensl onepanuu. [Tpumep padoter OPC nist BeI30Ba GyHKITNH TIOKa3aH Ha PUC.
2.
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% gpen Parallelizing System (OPS) v 3.0 - [e:\steinberg’,Dps3.bin\samples’\Misround of Number'samplel.c] =10/ x|
| Fe Edt vew window el

F0EH|T| BB &8

Document | Document  Document | 4 b % [ Transformations 2 x|
double fidouble £1, int nj =] Transformations: Transformation Result:
return (fi4n): Var To Array «| [aows1e f(double £1, int m) =
B |- Recurrent Loop ¢
Recurrency Elimination
int maind () Mapping of Recurrent L
~I- Loop Nest return (fi+n):
T £ Interchanging Loops ¥
A= tiad): Iteration Space Spitting
B - Mulidim Var Substitutio
Renaming int mainl ()
|- Loop To Nested Loops
Loop Mesting double =
Strip Mining double & err:
|- Calculatians Precision a_err=f_err(a, a_err, 6);
Partial Evaluation a=fla, &)
Misround of Number ¥
-I- Back End
MPI Producer
MPI Producer Ex double f_err(dowdle f1, double f1_err, int n)
=l |t
4 »
[ Take initial data mistake
1 Decimal rumbers return (((£1 _erc®(£1/(£1+n)))+(0% (n/ (£14n))))+0.0005) ;
" Binary numbers
Fraction capacity |4 |
o [ e
K >
Selector | Marker | e R
>|[isround of Mumber is completed successfully =l -
3 7
- =
8 ®
il _»lJ

N K

Ready

Puc. 2. TIpumep NOCTpOEHUsS OLEHOK MOTPEHIHOCTY BBIYMCICHHUN AJIS ClTydasl Halu-
YA B MUCXOJHOM BBIPaKCHHH BbI30Ba (DYHKIMH. B OKHE cieBa HaXoAWTCS TEKCT HC-
XOJHOH mporpaMMbl. B okHe cripaBa — mpeoOpa30BaHHEINA TEKCT IporpaMMel. Jlobas-
JIeH OIepaTop AJIs pacdera IOTrPeIIHOCTH NepeMeHHOl a U HoBas QyHkuus f err —
JUTA pacdera morpemHocTd GpyHKmy f.

Tak ke OTMETHM, 4TO NPH TaKOM HPeoOpa30BaHUM MIPOTPAMMBI MEHSETCS BBOJ
naHHbIX. Hampumep, eciiu B mporpaMme Oblila OfHa epeMeHHas A, U BBOJWIOCH €€
3HauCHHE, TO TENePh JOJDKHO BBOAMUTHCS €IIE U 3HAUYCHHE ISl HAYaJIbHOM MOTPEIIHO-
ctu. [IpoGiieMa BBOAA CYIIECTBEHHO YCIIOKHAETCS, €CIH CTPOATCS MOTPEUTHOCTH IS
MacCHBOB, MMEIOIIUX JJIsI KaXKJIOTO 3JIEMEHTA Pa3IMYHyI0 Ha4albHYIO MOTPEITHOCTb.

B OPC peanuzoBaHo npeoOpazoBaHUe MPOTPaMMBbI IPOTATUBAHNUE HHTEPBAIBHBIX
KOHCTAHT. DTO NMpeoOpa3oBaHNe MOACTABISCT 3HAUEHUE 1 OLIEHKY MOTPEITHOCTH BMe-
CTO UMEHHU KOHCTAHTbI B MCXOJHBIN ONEpaTop M OmepaTop pacyera MOrpemHocTd. B
pe3yibTaTe Takoro mpeoOpa3oBaHUS MCYE3aI0T HEKOTOphIE AYyTHM MH(POPMAMOHHOM
3aBHCUMOCTH, YTO MOXKET CIIOCOOCTBOBATh pacrapaieIMBaHHUIO.

[Tpumep. JlanHbIi (hparMeHT IPOrPaMMBI

cl3 err = 0.001;
cl3 = 10;

y_ef} = z_err[1+k]+ cl13 _err;
y = z[1+k] + c13;

PaBHOCHIJIEH CIIENYIOILEMY

cl3 err=0;
c13=10;

y_err=z_err[(1+k)]+0.001;
y=z[(1+k)]+10;
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B OPC peanuzoBaHo npeodbpa3zoBaHue MporpaMMbl MOHOBAPHAHTHBIE YACTUYHbIC
WHTEpBaJIbHbIE BbIUUCICHUS [5, 6]. [Ipu 3TOM yduThIBaeTCs MpPOTATMBAHUE HHTEP-
BaJIbHBIX KOHCTaHT. A npu nomnagaHuu UHTCPBAJIbHBIX KOHCTAHT (HaHpI/IMep, II0CJIC
NPOTSTUBAHMS) B TTApAMETPHI BEI30BOB MPOLEAYpP WK (QYHKIHA poucxoaut Gpopmu-
POBaHME HOBBIX YaCTUYHO BBIUMCIICHHBIX MPOLEAYP WK QyHKIUH.

%% ppen Parallelizing System {OPS) ¥ 3.0 ] 74
J Ele Edit W¥ew ‘Window Help
|@gDEd|H| s RS2
Document Document | 4 b x| Transformations x|
double f(double 1, int n) ;I Transformations: Transformation Result:
‘ return (f14nm); - Parttoning by I | [downle £ err(double £i, dowsle £1_err, int n) =]
) ’ - Temp Arrays i
Loar To Array
double £ err(double £1, double £1 err, int nj B-Recurrentloop
f - - Recurrency Elimination
return {({(f1 err+(£i/{f1+n]])+(0%(n/ (£14n))7]+0.( - Mapping of Recurrent L return (((£1_err® (£1/ (£1+n) )] +(0% (n/ (£1+n) )] ) +0
3 - [=- Loop Nest 1
Interchanging Loops
int wain() eration Space Splitting
f - Multidirn Var Substitutio int maini()
double a; - Renaming i
double sjarr: El+Loop To Mested Locps double a;
t errim, a err, 6); -~ Loop Mesting double a_err;
P T .. Styip Mining t err pia err, al:
) ’ . [=l- Calculations Precision fia, B):
Partial Evaluation 3
- Mistound of Number
[=I-Back End
MPI Producer double f_err_pidouble £1, double f£f1_err)
L MPT Producer Ex =
] E—
return ({[f1/(f1+6))*f1_err)+0.0005);
H
- -Transfurm A5 Mew
l! ol [ feten |
Selector | Marker | " Transformations [ Graohs |
*H Misround of Mumber is complated successfully ;I B =
2| BTA is completed successhully E
& || BTA is completed successfully K
BTA s completed successfully
BTA is completed successfully
1 3| =l
Ready 4
Puc. 3. [Ipumep npuMeHeHus peoOpa30BaHus YaCTHYHBIC BEIYHUCICHMS. B OCHOBHOM
nporpamme (pyHkuust main) Bei3oB QyHkuuu f err(a, a_err, 6) 3aMEHEH BBI30BOM
4acTU4YHO BbluMcieHHoi (yHkuuu f err p(a, a_err). YactuuHo BblUMCIeHHas (QyHK-
oy ObLIa CIrCHCPUPOBAHHA ABTOMATHYCCKHU, €€ KOJ IPEACTABJICH B HIDKHEH 4acTH
MIpaBoOTro OKHA IMPOrpaMMbl.
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