Aley] 'd1DI ‘210z Jel 20 03 "dad 0Z (ANAIRY 0££ZHINS) uswdojaasg aleMyos U1 U0 [00YIS PaduBApY

‘uejsiied ‘00809 ueinA
(Nzg) Ausisniun eAuexez uippneyeg
(NVdSVYO)
sollewsayie|N paljddy pue alnd Ul SalpnlS padueApY 10 aiua)

IV pelwy

s19)ndwo9) ul sidquinpN |eday jo
uoljejuasaiday Juiod buneojd up



01-0L X 0°0L‘g-0L X L0 pazijew.ou JoN .
0L X0L :PaZI|EWION -
000‘000°000° L/} Bujuesaidal 0} seAneulay|Y

(uiod jewiosp jo 1o| 0} tm__u auo Ajjoexe)
sQ sbulpes| ou W10} poZI|EWLION

(aseq) xipe. uiod jew
v =
UL A

A
uauodxa— mmm_EmE



31e0T3F Sk 9 Ul d|qelieA yans alte|as( -

slabajul 10} s1 ) se ‘paxi) jou si uiod
Aleuiq ay] alaym staquinu sjuasaidal
}l @snedaq ‘1uiod DBuieol paj||ed

1 suoddns 1eyl anawyiie Jaindwo) .

(acon) vinpi 1u1od AJeula
L Sednbrd FAELT | /:... h ~177

1-G X GEO. N
juauodxa—" essnuew

(Aleuig ui) uonleloN J111IUBIDS



14

"(uonpz)pwiou) uonejuasatdal Jo sssusnbiun sauNsus 01az-uou 3q 03 °p Suisodu|

Salnads “u

==

o uolspald ay

= et 2w

4—.1‘

'1282)ul paudis e s1juauodxs @

—-E_L::_- H:rs__u_‘u =l
r r '

1ey3 yons ‘g xiped ul sygip “u Jo J1aquinu [euoijel e ‘esspuewayi sl @

*12qQUINU dA- B S3I41Dads 1=S pue 1aquinu oA+ e saynads 0=s ‘yqudisesi{L ‘0}=s e
staindwod ysow ul z= ¢
peay InoA (Ajlensn) pue 1o3endied oA ug o= ¢

Xipe1ayisid e

213U

dxwx (1-)=x

Juauodxacs

:110J Y] JO 1aquinu [euonel e AQ aulydew ul pajewixoldde si x 1aquinu [eal y

slaqUIN| [edy JO UOoIjejoN [enpuauodxy



paJols 2 jou paau pue
I shkemje si 11q Suipes| ayl asnedaq (g = ¢/) waishs Aeuig
2U3 Ul Y1pIm p|3l} uaAI3 e Joj uoisidaid JO 11q BIIX3 SUO UIET) e

SOJ=9Z

Buipes| uo pajsem s}SIp ou asnedaq uoisidaid SzZIWIXe|) e
anbiun si Jaqwinu yoes jo uolejussaidal ay| e
azijewo AYypn
049z sI pajuasaidal

J3quinu ay3j ssajun ‘osszuou skeme si Op 1SIp Suipes)
SY1 JI pazijewiou pa|ed st waishs ssquinu julod-3uijeol) vy



'S1iq 79 Jo |P10] B 10] ‘uonoed]
1Ig-2S e pue p[au Juauodxa Jig-1L ue aARY siaquunu uolspald ajgnoq —

&

X=pulg) [ g 1E
ncccccngcncngHn__u__u._“.H_..ﬁ._“a_“_

Sc951°0 =

L=
=
=
o
&
i
=]
=

(=30 £7) uonoEl : (30 B) weuodxa _r_m_m
"S11q 49 JO |B1O]1 B 10] :..,_Gmuqum.,c.
H_DHH.N E pUe ploU u‘Cm.CD&Hm_ 114-g Uue =opnjoul sioaqguunt _.__D._m._um-HQ m_m_r__m —

'suolIsiNald JUaIRIP [PI2AS Saulap plepur)s ¥S/ 333194 =

] 2 S

‘] P|2U UOIDeI] B pUP ‘2 p|ay Juauodxa ue ‘s Jq
ugdis e :spoy Aleulq 22441 yum sioquinu juiod-3duneop) Juasaidoi ued oA\ =

s}iq pue uoljejuasaadau yulod-guneoly



ec0 | X 0°C Se abJe| se 0} g 0L X 0°C
Sk ||ews se siaqunu juasaiday.

s X sjuasalidal pueoijiubis
s A sjuasaidal juauodx3
sjuasaldal

SHq €¢ Siiqg Hq |

buesiliuBbic 1UaUOcdYX

= = = " ™" " W 3 et |

¢c e 0f€ IL€
(s)q g¢g) 9z1S pAoM Jo 3|din|y «
OMYf £ £ HOXXXXXXXXX" L+ :}ewlio]) [eWION

(2/1) uonejuasaiday juiod buneoil



¢éMO|}I3pun Jo/pue
MO|}JISA0 JO SadUeld adnpsali n__wr_ PINOM JEUAN\ »
ge0 L XC F gs-0LX2 O ge0lX2- I- ac0 L X2~
S T T R R

MOJLIBAD mojliepun MO|LIBAO

p|el jusuodx3 jig-g ul pajusasaidal
uey} 1ab.ie| Jusuodxs annebsN < TMoISpuU -

(ge-0LX0'T-<% 0> g0LX0'C > % 0<)
cllews 003 jjnsal jl Jeyp\ «

plal} Jusuodx3 Hq
-8 Ul pajuasaidai ueyy Jabae| Jusuodxy <= [MOJLIBAQ0 -

(gcOX0'2- > © gc01X0C <)
¢9bJe| 00} }nsal }l JeY)A o

(z/2) uoneluasaiday juiod buieo|4




mnE:: 10} 1snl g anjen
Em:on_xmm..:mmm,_om_,Evmm_o:mm.._o"muoz.

(sieaquinu pazijew.iou 10})
L > puesniubis > g :onJ] sAemje .

a|qnop s)q gs + | ‘e|buis suq ez + | -
siaquinu pazijewJou

_ _1— - T.ﬂ INDAal ‘111 alntll :Jﬂl ™1
O} HofjCW MUIPOU] 924 VAUWI YEU VL
:puesJiubis «
m>;_w0n_ sueauw Q
aAljEebau sueaw | g ublis .
SHq €¢ siqg Hqil

pueoliubIs E-




01

pueaijiubis 1abie| 01 anp
Adeinooe Jajealb si abejueape Alewlid Ing .

20c0L X 0°C Sk ab.ie| se 1sowl|e 0] goc-0L X 02
Sk ||ews sk jsouwlje siaquinu juasaliday .

STAnop Sk pale|osp d|geLieA 9 .
HoIs0ald 9]puUIS "SA) ToISI0a1d 9]qnoq »

sSiq ¢t

(p.auod) puesyiubis
s}q 02 SHq Ll Hg L




I

nDﬂMﬂumHmWMHmm\ﬁMﬁB\mHG.MHﬁMQﬂMHB.ﬂm
ﬂﬂﬂmﬂumHmJﬁMﬂO\ﬂMHB\mHG.MHﬁmmﬂMHB.ﬂm

(119 91) Loys e 10} s,Jey] ‘da, .
¢UoISIo9id-}|eH »

Je] O0S uoljoel] |eal ou ‘pall} aney awos .
UoISI231d-190 »

(s11q uoisioaid g1 1) sliq pueaijiubis gL |
pue $1iq jusauodxa G| sey UoIsIdA jualing .

(UrSZ 3331) uo payiom buiag Ajuaiing.

(Aoeinaoe) uoisidaid sjgeaala2qun -
slaquinu jo abuel ajgeAalja2quq -

(S}q 821) azIS pIOM JO |dN|\ IXSN »
uoljejuasalday “1d 'I4 uoisidaild avno



4!

€lt €8€9T 8¢CT 4N} ST T penp
€S €cot 79 [4° 1T T a|gnoq

1704 LCT [43 ec 8 T 9[3uIS

1T ST o1 0]} S T (800

-¥SZ 3331) JIeH
uoisiaad selq
sjiq |elol | puediiudis | juauodx] usis 9dA)
s\g juauodx3

uosiiedwon 9zig Jew.o




I nb ¢ jje eu)

wiis 1D }ey) €20
Yim Emuxm ‘l'eanuapl

.‘.Il -

(1z1-wsuodx3)e X (PUBIIUBIS + L) X g(1-)
Sl €¢ Sliqg8 1uq|

_ pueaijiubis juauodx3 |s _

selq juauodxa

e Bl
Is193id d _n_z_un_

cznl 10
cCGU 3%
Uu=apI1 Uo

.. AL
:(uoisioaud a)Buis) Alewwing »

uoisidoaid ajgnop 1o} seiq si €201

juauodxa 1o} anjeA |jenjoe
196 0} p|al} Juauodx3 wold} 2Z| 1oenqns .

— 'l




(00000000000000000L 1L 1L000L1L00000L | :uoiInjos)

‘plepuels
G/ 333| 0} Buipioosde uidjjed uoljejuasaidal

JIG-Z€ S u1e3qo ‘(40,2 X 111000’ L- ““6°9) uonejou

o1}13uUdI9s Buisn Jaquinu jeal Aleuiq e UBAIS) .

:9S1019X3



(00,0 % L1L000°) :Uonnjos)

"UONEIOU ANNUIIS

Ul Jaquunu [es) AYYNIG S} Ureldo ‘(000000000000000001 1 10001 10000010
“f-9) Jaquunu [eal & Jo wiayed uonejuasaidal plepuels #G; 333 1G-ZS 8} UBAID)

(00000000000000000} 1 1000} 100000} } UoAN|OS)

‘Iepue)s +G, 3331 0} Buipioaoe ulaned uonejuasaldal 1Ig-z¢ Si ulelqo
(00,2 % 111000}~ “6°8) uorejou dynualos Buisn Jaquinu [eal Aseuiq e usAi9

:9S1049X3



STTR 9 = 5T/T + &/T 4 §f1 L1441 1=
Masasssssssns s eTaTT TET IR AT X
! ! f

i i - iy ey

‘STTESH 0- J0 uoiyojuasasdad uoisicasd afbug x3



L1

(133B] UOISSNDSIP 23S ) 3|gNop SU0] -
°|noQgd -
1EO|4 -
++)/D o
i (8=pupy)ieal gxledY -
:: (P=pupy)ieal Pxleay -

06URI)IOH /UBILIOS

agengue| Sujwwesgoid >4RU3IS 3}INOAR) JNOA Uj



81

"“‘pPaJnsus

S 9po> |euoneindwod [aulay Jo Ajigeliod :mou Jai1ses si 3417
suoneiado [83|1 uo 1o1ARY2Q wiunl paynads -
ds -

LA
w
-

(=] |
Ll

L
v

1D A
=i

wEGmum_.H.W&G JO jns<al 24} Jo Eﬂ_wmuﬁ_umﬁ__w asipaid -

jewio) a8el10)s -
:Wa1SAs 44 1nogqe s|ie1ap auy ||e payldads piepuels 333

*SI0pPU3A 241 || 1sowl|e Aq pa1dope sI ,, J118WYlIY
Julod 3uiiboj4 Aupbuiq oS pappupis Sg61- ¥$/3331 ,, 28Ul MON



61

Tu3y- Ax03syGL/Sn3elspgLooT /™
/ueyeim~ /npa - ASTOISq " SO " MMM

\ = —4

. i[J9UUIAN Piemy
ueye *Joid “Buunl WOV

21} WYIIY

Julod- m:_umo_..

pJepuels 333|

pJepuels juiod Buneoj4 ayi jo .Jayjed,,



0¢

'suonelado
a1 0S|e 1nq S1ew.o) ayl Ajuo 1ou AJ1pads 01 paau am ‘A|snoiAnqO

1502 2ouewoiad JuedyIugIs e 1B WO 10U PINoYs siuauaq asayL
0==A-X < A==x 1eY] swnsse ||Im a|do=d -
X == 0 + X }ey] awnsse |1m ajdoad -

X + A == A+ X 1ey] swnsse ||Im ajdoad -
ploy sanJado.ud jexnewsylew jueliodw aWos 184l 24nsu3
R1jgeAold aunsu3

A111geliod aunsu3

. pAepuels e paau am op Aym



| X4

;S12821Ul Jr|NSal SP S]1Q JO 12qUNU SWPS 3] 2SN aM 43SNnoy) UaA
‘Yewo) #SZ 3331 24 Ul San|eA a10W Auewl 0S Juasaldal am ued MOH =

(1L - 7)) pue z- Ajuo a1e Jusws|dwod
S, OM] Ul S193ajul 1g-z€ a)qissod Jo a8uel ay) ‘uosuedwod U] =

"o 0T X 8°T ==g.T x| SII2qUNU 013Z-U0U 3A1IS0d 1S3|[EWS 3} =

00T X ¥ € =4« (- 7)sI1aqunu Jewou,, s|qissod 1sa81e|ay| =

(g€ = L) LLLLLLLLLLLLLLLLLLLLLLL ST 9|qissod }sagdie| oy —
'(¥S2) oLLLiiLL st 3 3|qissod 1sadue| ay) —

'(0) 00000000000000000000000 SI } }Sa||ewWws ay] —
‘(1) LOO0000O SI 3 }S3||ewWws ay| —

.mm_-mN * Q. + C * ﬁmN B _‘v

_M:m:o.n_xm a3svig

(31q 2€) suiaquinu uojspaad-a|8ujs Jo a8uey



(44

11021100 Ajjeonewaylew aq jou Aew s3nsal asoy) INg—-s)|Nsal awes

o] 200Npoud id [[IM SaUulyoell |je 1ey] Soo1ukli ieng plepuels ¥SZ33319Y] =

(z+A)+x=2z+(A+x) ‘Me|aAneposse
a3 se ons sajdpund dnawiyiiue diseq Auew a)epljeAuUl UeD S10119 Sulpunoy —

*s10.119 31q ul unjnsal ‘suonenuauodxa
10 suonedjdinu ym 21eJNWNI. Ued S10119 JOpunol [|ews —

((SONssl,, Sey dnawylle Juiod-suneoy ‘sny| =

8 4 [4
I

ceuT PUE T SP ,.,T PUB ,T U33M]2q S3N|eA JO Jaquinu awes juasaiday —

‘guCt 0} oo, €= JNOJE WOl 59U0
o] 10 aW0s H_r__m.mmﬁ.n—m: __m__:_.u__ ued> lewluol 3331 24l pue .m_m_m: 10 lsquinu s}iugui ue sie sloyl lIng —

"s|eaJ uol||Iq ¥ Jo siadajul uol|q ¥ Jussaidal ued asayl —
‘sultayed 1q Juatayip ‘uol|iq ¥ Inoqe 10 ‘L-,7 91e a1ay) ‘S)Iq 7€ YUAA =
'S1oquinu 3331 240W J,U2ID 13| =

ssauajiuly d4



£C

10113 JJOpunols 1o Joiis Fuipunot pa||ed
S| uonewixoidde SIyl wouij _umu:_uohnu_ J013 3] n%.ﬁ__m‘:.;m_f_

3uipunoJ paj|es sl
Jaquinu julod-3uileolj Agseau siyi 3uisooyd jo ssadoid 3y |

Jaquinu E_n.a-m:_umoc Egmm: e _um.._mE_ann_m

inL a2

SPU 1aql L1
i ,._ AR

‘aspn aul 1 us! s

aa o) al us! siyl uay
o1 ©+ Yi 1 Ush Siyl UsypA

Jaqunu aulyoew e p3||ed si 1 ‘waishs juiod-3uneol}
usAI8 e ul s|qejussaidal Ajjoexs sI Jsquinu |eald e UsypA

»



4

‘Jaquinu

juiod-6uijeols awes ayj o) dew siaqunu |eas Auew

pue yym Aejd o3 siaquinu 44 maj AlaA ate aiay) (aAnebau
pue aAlisod yjoq) siaquinu abie| 10} eyl sueaw syl

'0'¥20L Pue 0'¢Z0l usamiaq L6 8 Inoqe Ajuo
ale 319y} 9|IyMm ‘Q'Z pue ('L usamlag siaqunu uoisiosaid
-9|buls 09‘g8¢‘g Al@jewixoidde ase asay) ‘ojdwexs 104

‘slaquinu ajqejuasaidaa jo Ajisuap ayj
J9jealb ayj ‘Jusauodxa ayj) Jajjews ayj ‘siaquinu pazijew.ou
|le Juasaidal 0] pasnh aJe s}iq JO Jaquinu awes a3y} asnedayqg

slaquinu 44 jo A}Jisuap



14

1abBajul ue o} Jaquinu juiod Buieoll
10 ‘@njeA uoisioaid a|buis e 0} a|jgnop
:BUIlIBAUO0D UBYM S1N220 oSs|e BUIPUNOY «

an|eA Jado.id
ay} 196 01 punoJ uayl pue ‘uoisidalid jo
Sliq BJ1XS OM] Sallled ajempJiey 44 ay| «

‘Pl ueoiubis
3yl ul 1insaJ ayl U} o1 Buipunou

1hoge ALIOM 0} aAeY aM ‘siaquinu
|eal uo yjew w.opiad am uaypn «

Buipunoy



9¢

$8|0B4N228U| N0 SJUE|E] O} SPUSL "UMOP PUNOJ aM
awi jjey Jeyio ays ‘a3 uo dn punos am awiy ay; yjey ‘Aem siyy -

uolje|nojes uo ssaudie} sainsuj .

Jaquinu NJAT }saJdeau ayj} 0} punos am
2se9 Yo1ym Ul ‘auljiepioq ayi uo 1ybi s1 anjea ayy 1 ydeox3 .

(3u1 1saie3u) jooyos apelb ul paultes] nok ayi| punoy .

b < GECT < §2'C < 92T « v :isowe ‘Bujpunol [ewo .
USAS 0] punoy ¢;Aempi “(epow ynejep) paseiqun »

(0 spiemoy punoi) siiq ise| ayj doap isnp .
ajeound] e

Z- < 666'L- ‘| < 666°| :,UMOp, PUNOI SAVYMTY -
00 - SPIEMO] PUNOY

Z- < 100°2- ‘€ < 1002 :..dn, punol SAYMY -
00 + SPJEMO} PUNOY

(Areuiq ul £G/333| ‘©s1n02 Jo ‘Ing) rewiosp ul sejdwex3

S9PON PUIPpUNOY d4 334l



LT

‘(¢ Moy 1ng ‘1nejep) bunndwod dssy -
‘(1neJap 10U ‘Ajpusiijun) sbesssaw Jolis yum doig -
sosuodsald 9|qISSOd e

‘(juowwod AlaA) Jodis Buipunol e speul NoA - 10exau| -
 *(k-)Ubs ‘0/0 - pifeAUl -
‘0/0J48ZUoU — 01az-Ag-epIAIQ -
‘Juasaudal 01
|lews 00} ‘NN > pue 04azuou }nsal 10exs - MojLapun -

uasaldal 0] abie| 001 ‘AQ < }NS8J 10BXD - MO|LBAQ -
:SU0INdaIXD SAI

(A[91e4NDDE JUSSaIdal 01 93.4e| 00] JO [[BLWS 00] U0
‘Jloquinu |eal B 10U S| an[eA Joexa, ay]l uaym suaddey Jeypn®

suj|puey uondanxs ¥SL 33)



8¢

‘(0 spJemoy
‘umop ‘dn) ajqejieae os|e suondo Suipunol ISY10 -

'(UA3 3s2.B3U 0) BUIPUNOU) 043Z SI11g W0310q 3SOYM
Jaqunu julod Suneoyl 1saieau 031 uipunod Ag san yealg -

‘(Burpunod 393.4102) Jaquwinu jujod
3UieOoL 1S3JB3U 33 01 1l PUNOJ PUE ‘BN[BA 10BX3 33 el -

:SIY] o|puey 01 Aem ayy sauysp ¥SZ2 3331 .

-juiod 3uneoy) e ul
pus jJou saop sjulod Suneol) suowe suonetado Aueiy e

wia|qoid Suipunoy



6¢

:[ooL ‘1] o3ue.
ay) Ul a|gejuasaldal A]3oeX2 10U 4B 3SI2AUl AUBW MOY -

UOOUJDJR SIY] ge| SULINP PaJaMSUR 9 01 UOIISINYD

9|geiuasaldal Aj1oexa JON SILO0 e

o|gejussaddal Apoexs JON SIE/L e

*wajqo.id Suipunou
d4 @Aey ued siaquinu 3jdwis Jayjes aWos UaA3



-
O
M

)
Ll

-

-

O
Q.

O
-

e

M
O

u-

LL

)
-l

u-

Q

and

Q
O
o
2

©

©
o
©

Q.

lx=

-1.5x1038 + (1.5x1038 + 1.0)
-1.5x1038 + (1.5x10398)

=0.0

X+ (V + 2)

1.0

(=1.5x1038 + 1.5x103%%) + 1.0

(0.0) + 1.0

*(X+VY)+2

g Point add is not

 Therefore, Floatin

associative!

* Why? FP result approximates real result!
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e From man ifort

-fp-model keyword

Controls the semantics of floating-point calculations

L]
L]

Default

optimizations on floating-point calculations.

-

O
=

Ll

-
L
v

Q)

D

This option controls the semantics of floating-point calculations.

The keywords can be considered in groups

precise, fast, strict

source

Group A

O

Group B

0O
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