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sirapmoC on fo  AMRA  na d XAMRA  cots h citsa  
om d sle  of r oraK on ir v re  emit  seires  eg n oitare n dna  

gnitsacerof  

miraK davaJ ,inahkrafaS amiS  naihcraP i  
	

rtsbA act— iT me s re ei s mode il ng dna  f ero ca its ng ha  s  
f nu ad mental imp ro tance to rav i uo s pra citc al od mains. The m ia n  
aim it fo m  seires e m ferac ot si gniledo u na tcelloc yll d r gi orou  yls  

yduts  eht  tsap  snoitavresbo  fo  a emit  seires  ot  poleved   na  
app  etairpor m edo w l h ci h des rc ib t se he inh re en ts t cur ture o t f he  
se eir s. sihT  ledom  si  neht  desu  ot  etareneg  erutuf  seulav  rof  t  eh  
se eir s .i , e  . to make for ace ts s  . iT m cerof seires e a t gnits h  su ac n eb   

sa demret  eht  tca  fo  gnitciderp  eht  erutuf  yb  atsrednu gnidn   eht  
p ]6 ,5[ tsa  . Du t tcaf eht ot e h j ta u  ts u is n  eht g h  lacirotsi d sata e  ,st  

sserppus  eht  ecnahc  fo  gniredisnoc  tnereffid  soiranecs  ni   retaw  
ecruoser  ,seiduts  lacigolordyh  sretemarap  gnitsacerof  hcus   sa  

icerp p oitati n dna  d si ch ra ge pla sy  a b gi  or el  in hyd or lo cig  ts du  sei  
sa  gniredisnoc  tnereffid  soiranecs  w lli  esaercni  eht  ytilibail   fo  

th if e an f l acero its ng  .  
ytnelP  fo  lacitamehtam  sdohtem  sah  neeb  decudortni   rof  

,gnitsacerof  revewoh  citsahcots  sledom  era  eno  fo  eht   tsom  
common. nI  siht  ,hcraeser  d ata  noitareneg  dna  gnitsacerof   fo  

AMRA  and AR AM X ts o ahc cits  et c nh iques by u is ng a un mer ci a  l  
ledom  no  nooraK  reviR  )narI(  lacirotsih  egrahcsid  emit   seires  

oc neeb sah m .derap  ehT  lanif  stluser  stneserper  woh   denibmoc  
lbairav lanretxe na dna AMRA fo ledom X e  w lli  org w ssentif   fo  

th  e m i ledo n AR AM X ts ocha its c mod ile ng  .  
 

xednI  reT ms— ,AMRA  ,XAMRA  citsahcotS  ,gniledom   emiT  
Se eir s  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ma csun ir tp  r iece dev  J lu y 30 2 , 10 5  
rafaS amiS k inah , tnemtrapeD  ,gnireenigne livic fo  inU firahS ev r tis y of  

,narheT ,ygolonhcet  rI na   
Ja dav  Kani im  P ra hc ai n, tnemtrapeD  fo  livic  engin ree ni g, Sh  fira  
vinU e tisr y of golonhcet y, T ,narhe  I nar  
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I. I TCUDORTN I NO   

A emit  seires  si  a laitneuqes  tes  fo  atad  ,stniop   derusaem  
yllacipyt  revo  evisseccus  semit . tI  si  yllacitamehtam  denifed   

sa  a tes  fo  tcev ro s x( t,)t  = 0,1,2, .. . erehw  t neserper st  eht  emit   
ale p es d [3,4, ]6 .  

nI  lareneg  sledom  rof  emit  seires  d ata  nac  evah  ynam  smrof   
dna  tneserper  tnereffid  citsahcots  rp o .sessec  T ereh  era   owt  

w ledi y desu  aenil r it me es r ei s ledom s in .erutaretil  
evissergerotuA  )RA(  ,1[  ,2  ]4  dna  Mo gniv  egarevA  M(  )A  

]4,1[  mod .sle  gninibmoC  eseht  ,owt  eht   evissergerotuA  
Mo gniv  egarevA  )AMRA(  ,1[  ,2  ,3  ]4  na d gerotuA r  evisse  

gnivoM  egarevA  M do le s w ti h uonegoxE s aV r ai b sel   
,)XAMRA(  dezilareneG  .  

nI  na  RA  )p(  m ledo  eht  tuf u er  eulav  of a elbairav  si  ussa m de   ot  
eb  a l raeni  noitanibmoc  fo  p tsap  bo es r itav o sn  na d a r na od m  

rorre  rehtegot  htiw  a co tnatsn  mret  ]4,2[  elihw  eht   )q(AM  
ledom  sesu  tsap  srorre  sa  eht  yrotanalpxe  av r ai b sel  [2, ,3 4].  
gnittiF  na  AM  m ledo  ot  a it me seires  si  m ero  oc m detacilp   naht  

gnittif  na  RA  dom le  esuaceb  ni  eht  remrof  eno  eht   modnar  
rorre  smret  era  ton  f ro e- es eab el .  

evissergerotuA  )RA(  dna  gnivom  egareva  )AM(  sledom  nac   
levitceffe eb y oc m denib  rehtegot  ot  rof m a  lufesu dna lareneg  

ssalc  fo  emit  seires  ,sledom  nwonk  sa  eht  AMRA  .sledom   
ehtaM yllacitam  na  AMRA  ,p(  )q  ledom  si  detneserper   sa  

[2,3, ]4 :  
 
 
 

 )1(  

eH er  dna  era  ylevitcepser  eht  lautca  eulav  dna  modnar   
error (or odnar m kcohs ) at it me period t.  

a er  ledom   
,sretemarap  c si  eht  tnatsnoc  dna  q,p  refer  ot  p tua ro evisserge   

dna  q gnivom  a egarev  ledom  or sred  [2,3, ]4  .  
 

elihW  ni  XAMRA  ledom  ereht  si  rehtona  mret  gnitneserper   
tX  emit  seires  hcihw  sah  a doog  noitalerroc  htiw  eht  ty  emit   

eires s.  

 
2( ) 

 
 

II . M RETA IAL  S A EM DN T SDOH   
 
 

lacirotsiH  emit  seires  ni  siht  hcraeser  si  74  sraey  er oc rded  
egrahcsid  fo  nooraK  reviR  ta  dnamrA  noitats  giF( 1- )a  hcihw   

sah  neeb  dezidradnats  aiv  gnisu  cimhtiragoL  noitamrofsnart   
ni  a margorp  dellac  SMAS  ( giF  1- )b .  
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)a  

 
giF  3- P laitra  cotua rro itale on co tneiciffe  

 
A. Data eG n noitare  

ilnU m deti  egrahcsid  it me seires  sah  neeb  detareneg  w hti  isu n  g  
AG R HC SIM noitcurtsni  ni  CRAG H xobloot  fo  AM T AL B  

ollof sa gnimmargorp w  :s  
[e, s, y ishcrag=] m ffeoc( , selpmaSmuN , ,shtaPmuN   
P ,snoitavonnIer  P ,samgiSer  P eSer r sei )  
T eh  lanif  detareneg  seires  tsisnoc  fo  eerht  smret   hcihw  

ylevitcepser  :tneserper  gnittif  rorre  ,)e(   noitaived dradnats eht  
fo  eht  dettif  ledom  )s(  dna  etareneg d atad  (y)  .  

ereH  ni  eht  mishcrag  oitcurtsni n ffeoc  stneserper  ht e  dettif  
ledom  stneiciffeoc  Φ(  dna  Φ uN ,) m aS m  eht si elp num  fo reb  

lacirotsih  ,atad  shtaPmuN  si  eht  rebmun  fo  etareneg d ,seires   
noitavonnIerP  si  eht  tnuoma  fo  ,ε  samgiSerP  si  eht  tnuoma  fo   

σ dna  seireSerP  si  eht  dezidradnats  otsih lacir  it me seires . Als  o  
eht  sseccus  fo  eht  dettif  ledom  sah  neeb  etagitsevni d yb   eht  

P etro  uaetnaM  kcaL  tset  on eht  emit  seires  htiw   gnisu  
tsetqbl  noitcurtsni  ni  ALTAM B  

 
B. ataD  Fo er ac nits g  

ataD  noitamitse  rof  erutuf  daeL(  )emit  si  dellac  gnitsacerof .  
si tegrat ehT  itse m gnita  atad  rof  . sihT  sah  neeb   

dellifluf  htiw  gnisu  derphcrag  noitcurtsni  ni   BALTAM  
tnemnorivne   :swollof sa  

]tsaceroFnaeM,tsaceroFamgiS[  = phcrag red  
sdoirePmuN,seireS,cepS( )  

 
hcihW  sdoirepmuN  si  eht  rebmun  fo  L dna  ni  siht  ser ae r  hc  

saw  deredisnoc  eq lau  ot  02  .  

 
 
 
 
 
 

III . LUSER TS  
 

A. Data eG n noitare  
T eh  rebmun  fo  detareneg  seires  )shtaPmuN(  si  detimilnu  dna   

eno  fo  eht  steltuo  sah  neeb  detciped  ni  eht  f ro m fo  th eer   strahc  
si  detneserper  ni  giF  4  .  
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b)  
giF  1- )a  ylhtnom  lacirotsih  egrahcsid  )x(  fo  nooraK  revir  ta   

dnamrA  oitats n )smc(  )b  dradnats  ylhtnom  lacirotsih   
egrahcsid  )z(  fo  nooraK  revir  ta  namrA d oitats  n  

 
T eh  yramirp  noitagitsevni  no  eht  lacirotsih  atad  desab   no  

noitalerrocotua  dna  laitrap  otua  noitalerroc  ylevitcepser  ni   giF  
,2  giF  3 stneserper  taht  retfa  2 sgal  ni  ap r lait  cotua o rr tale ion  

trahc  kΦ  si  etinif  ni  tnetxe  elihw  s’ti  etinifni  ni  tnetxe  erofeb   
51  gal  ni  trahc noitalerrocotua . roF  taht   ledom )2( RA ,nosaer  

htiw(  1Φ  dna  2Φ  slauqe  ot  486.0  dna  0. )611  si  eht  rp ami r  y  
detceles  ledom  rof  d ata  eneg r ita on  .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2giF - talerrocotuA noi  tneiciffeoc  
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VI . DI SSUCS I NO  

T eh  tseb  dettif  ledom  noitceles  si  a comp etacil d proce  ss  
gnideen  a laciremun  ledom  hcihw  sah  neeb  nettirw   ni  

AM T BAL  tnemnorivne  desolcne  ot  siht  .elcitra  For b ette r  
noitceles  hcae  ledom  sah  neeb  derapmoc  desab  no  fo gniwoll   

sretemarap  (Tab el  )1  .  
 

XESMR  = oR ot Mean auqS re x d ta a  
ZESMR  = tooR  eM an auqS re z d ta a- nats da dr dezi  

CIA  = ekiakA  noitamrofnI  noiretirC   
FLL  = iL doohilek  noitcnuf   

 
B desa  no  siht  nosirapmoc  eht  tseb  dettif  sledom  are HCRAG   

,)1,0,0,1(  HCRAG  ,1,0,1( ,)1  HCRAG  0,0,2( , )1  na d HCRAG   
(2,1, 1,0 )  .  

sA  dessucsiD  ,erofeb  ereht  era  emos  ylwen   depoleved  
citsahcots  sledom  dellac  XAMRA  evissergerotuA(  gnivoM   

vA egare  sledoM  w hti  suonegoxE  )selbairaV  w hcih  sesu   rehto  
detaler  sretemarap  emit  seires  dna  lacirotsih  emit   seires  

italerroc on rof  retteb  ssentif  dna  gnitsacerof  fo  eht  om d le  .  
nI  siht  ,hcraeser  tnereffid  X emit  seires  (P er c itatipi o  ,n  

T ,erutarepme  Do tsnw maer  noitats  dedrocer  di egrahcs  na d  
egraL - elacs  etamilc  langis  lE - oniN  htiw  gnisu   nrehtuos  

oitallicsO n ednI x ( )IOS ) h sa  eeb n edisnoc red. nI  th  e  
laciremun  ledom  lcne( o des  ot  siht  ,)elcitra  tsrif  ereht  si   a  

italerroc on ssecorp  neewteb  eseht  sretemarap  na d tsih o lacir   
egrahcsid  fo  Ka noor  reviR  dna  neht  lla  eht  p or ce ss  of d  ata  
noitareneg  dna  gnitsacerof  sah  neeb  dewollof .  

B desa  no  co noitalerr  tcaf o sr , pr ice p noitati  na d IOS   emit  
seires  era  eht  owt  tsom  dettif  sretemarap  ot  eht  nooraK  reviR   

grahcsid e. hT e ssentif  noitagitsevni  fo  eht  XAMRA  m ledo  f  ro  
eht   AMRA emas m redro ledo  stluser  sah  neeb  deliver  ni   elbat  

2 dna  elbat  3 ylevitcepser  htiw  gnisu  noitatipicerp  d ata  na d  
OS I d ata  .  

 
 
 

V. C CNO L SU I NO   

tI  si  a oc mm no  feileb  taht  in reve y tcepsa  of ,efil  h iva ng  retteb  
egdelwonk  fo  ,tsap  lliw  esiar  eht  doohilekil  fo  gnitsacerof  eht   

f tu u er . nI  siht  hcraeser  ti  osla  sah  eb en pro ev d neve   ni  
cigolordyh  atad  .gnitsacerof  T tah  ,si  gnisu  rehto  etaler d  

citamilc  sretemarap  hcus  sa  noitatipicerp  23(  sraey  er oc rded  
d )ata  dna  egral  elacs  citamilc  langis  ,)IOS(  ah s  ylthgils  

devorpmi  eht  ssentif  fo  eht  detsacerof  nooraK  revir  egrahcsid  .  
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)c  
giF  4- enO  elpmas  tluser  fo  eht  detareneg  atad  morf  lacirotsih  emit   

seires  desab  no  RA  )2(  ledom  etareneG)a d emit  es r ei s )b  nats da dr   
noitaived  fo  eht  dettif  ledom  )c  gnittif  rorre s  

 
B. ataD  Fo cer a its ng  

detsaceroF  atad  rof  eht  emit  sgal  fo  1 ot  02  si  etartsulli d  ni  
5giF  .  

nI  siht  hcraeser  eht  ytilibail  fo  eht  dettif  ledom  sah   neeb  
detagitsevni  yb  gnitsacerof  hcae  atad  fo  eht  lacirotsih   emit  

seires  desab  no  eht  atad  eno  pets  b nihe d neht  ob ht  p er d etci  d  
dna  lacirotsih  it me seires  sah  neeb  detciped  ni  eno  trahc  w  hcih  

swohs  a yrev  gnorts  ssentif  )6giF(  .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

giF  5- detsaceroF  atad  rof  gal  semit  of 1 to 20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

giF  6- lacirotsiH  dna  detsacerof  emit  es r sei   
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)a  

 
 
 
 
 
b) 
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1elbaT - muS m dezira  stluser  fo  eht  citsahcots  AMRA  m ledo   gnittif  
p or ssec   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2elbaT - dezirammuS  stluser  fo  eht  citsahcots  XAMRA  m  ledo  
gnittif  ssecorp  htiw  eht  noitatipicerp  sa  eht  X emit  seires   

 
 
 
 
 
 
 
 
 
 
 
 
 

3elbaT - S dezirammu  stluser  fo  eht  citsahcots  XAMRA  m  ledo  
gnittif  ssecorp  htiw  eht  IOS  sa  eht  X emit  seires   
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R EFE R SECNE   
]1[  G .E. P  ,xoB . G  . Je ,sisylanA seireS emiT“ ,snikn   gnitsaceroF dna   

edloH ,”lortnoC n-  ,ocsicnarF naS ,yaD C ,A  791 0  
]2[   .J mit etairavinU“ ,eeL itsacerof dna gniledom seires e ng (Box- kneJ ni  s  

)dohteM ”, ocE 314 n , el ctu er  4  
]3[  nhoJ  aM rof seireS emiT“ ,enarhcoC .H c oceor n a scimo  dn F ni an ec ”  ,  

isuB fo loohcS etaudarG n ,sse  Un srevi i yt  fo  hC ,ogaci  spr ni g 991 7  
]4[  K.W. ,lepiH  A.I. cM L ,doe  emiT“  seireS  M ledo l ni g of W ta er Resource  s  

syS latnemnorivnE dna t ,”sme  retsmA d ,ma  veslE i re  991 4  
]5[  pidantaR  ,irakihdA  ,lawargA.K.R  nA“  yrotcudortnI  S dut y on  emiT  

ireS e M s o saceroF dna gniled nit g”  
]6[  T. ,neorahciaR  .C  L ,pasnisru  .P  ,ikohbnaugnaS  noitacilppA“  fo  itirc  lac  

troppus  rotcev  cam hine to it em  res i se  p er d ci it o ,”n  iC r tiuc s dna   
,smetsyS  02 .30  SACSI  sgnideecorP.30’  fo  eht  3002  In ret an tion  la  
isopmyS u o m n loV u  em 5, 25-28 aM ,y  3002 , ap  :seg V-741-V- 447   

 
inahkrafaS amiS  saw  nrob  ni  ,narheT  I ,nar  ni  .1891  r ehS e viec e S.B d   ni  

livic  gnireenigne  morf  I TSU  tisrevinU y ni  4002  dna  S.M  ni  livic  e nign ee  gnir  
morf  firahS  tisrevinU y fo  Te onhc ol gy ni  .7002  reH  niam  aera  of resear hc  are  
revir  dna  ciluardyh  erutcurts  illedom ng, aw t re  oser u ecr  am n emega tn ,  

ygolordyh tnemhctaC , a dn   DUSW  

 
Ja dav  K ra mi i P cra h ai n nrob saW   ni eT h ar n ni  0891 . eH  deviecer   S.B  

ni  livic  gnireenigne  morf  TSUI  ytisrevinU  in 4002  dna  .M S ni  civi  l  
gnireenigne  morf  firahS  ytisrevinU  fo  ygolonhceT  ni  .7002  eH  si   won  

gnihcaet  egarewes  eganiard  gnireenigne  ta  .TSUI  siH  niam  a aer  fo  raeser hc   
golordyh era y zzuF ,gnitsacerof seires emit , y ten laruen dna w lana kro y sis  .  
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dettiF  XAMRA  laciremun  ledom  noisserpmoc  desab  no  

,xESMR  ,zESMR  ,CIA  FLL   
 
lc c  

raelc  lla   
######%  tupni  atad  elif  ################ ############### #  

(tupni=Ri esaelP'  tupni  retemarap  :R ' ;)   
(tupni=Mi tupnI'  retemaraP  ':M ;)   
(tupni=pi tupnI'  retemarap  p ':  ;)  
(tupni=qi tupnI'  retemarap  q ':  ;)  
(tupni=xi tupnI'  rebmuN  fo  ()X(retemarap 1- ':)31 ;)   
(tupni=ji tupnI'  ehT  gaL  rebmuN  fo  ()X(retemarap 0- ':)21 ;)   

(tupni=misN tupnI'  rebmuN  fo  atad  :gnitareneg ' ;)   
(tupni=NdaeL tupnI'  emitdaeL  rebmuN  ot  ':tsacerof ;)   
(daerslx=dfmi mertS'  wolF  lamroN  slx.ataD '  

;)dfmi(ssenweks=dfmiks   
mrofsnart=======%  ot  nmuloc  ==============tamrof   

;'dfmi=fic   
)1,:(fic[=dfmic ,:(fic;)5,:(fic;)4,:(fic;)3,:(fic;)2,:(fic;  

)9,:(fic;)8,:(fic;)7,:(fic;)6 ;  ...  
51,:(fic;)41,:(fic;)31,:(fic;)21,:(fic;)11,:(fic;)01,:(fic  

)71,:(fic;)61,:(fic;) ;  ...  
:(fic;)12,:(fic;)02,:(fic;)91,:(fic;)81,:(fic , 32,:(fic;)22  

)52,:(fic;)42,:(fic;) ;  ...  
:(fic 13,:(fic;)03,:(fic;)92,:(fic;)82,:(fic;)72,:(fic;)62,  

;])23,:(fic;)   
=========================================================%  

;)dfmi(=dfmn dezilamron%  ylhtnom  wolf  tad a  
;)dfmn(ssenweks=dfmnks   

dezildradnats=======%  ylhtnom  wolf  ================atad =  
fem ;)dfmn(naem=   

;)dfmn(dts=fds   
)1,:(dfmn([=dfms - 1(fds/.))1(fem ) 2,:(dfmn( )- 

)2(fds/.))2(fem  )3,:(dfmn( - )3(fds/.))3(fem ...   
)4,:(dfmn( - 4(fds/.))4(fem ) 5,:(dfmn( )- )5(fds/.))5(fem  
)6,:(dfmn( - )6(fds/.))6(fem  ...  
)7,:(dfmn( - 7(fds/.))7(fem ) 8,:(dfmn( )- (fem )8(fds/.))8  
)9,:(dfmn( - )9(fds/.))9(fem  ...  
)01,:(dfmn( - 01(fds/.))01(fem ) 11,:(dfmn( )- 

)11(fds/.))11(fem  )21,:(dfmn( - ])21(fds/.))21(fem ;  
mrofsnart=====%  ot  nmuloc  ============tamrof   

;'dfms=fmc   
,:(fmc;)5,:(fmc;)4,:(fmc;)3,:(fmc;)2,:(fmc;)1,:(fmc[=dfmsc  

)9,:(fmc;)8,:(fmc;)7,:(fmc;)6 ;  ...  
51,:(fmc;)41,:(fmc;)31,:(fmc;)21,:(fmc;)11,:(fmc;)01,:(fmc  

)71,:(fmc;)61,:(fmc;) ;  ...  
32,:(fmc;)22,:(fmc;)12,:(fmc;)02,:(fmc;)91,:(fmc;)81,:(fmc  

)52,:(fmc;)42,:(fmc;) ;  ...  
03,:(fmc;)92,:(fmc;)82,:(fmc;)72,:(fmc;)62,:(fmc 13,:(fmc;)  

;])23,:(fmc;)   
=========================================================%  

(daerslx=dpmi oitatipicerP' n slx.ataD ' ;) % ni iti al tmno h yl  
noitatipicerp  atad  fo  dnamra   noitats  

;)dpmi(ssenweks=dpmiks   
mrofsnart====%  ot  nmuloc  ====================tamrof =  

;'dpmi=pic   
,:(pic;)5,:(pic;)4,:(pic;)3,:(pic;)2,:(pic;)1,:(pic[=dpmic  

)9,:(pic;)8,:(pic;)7,:(pic;)6 ;  ...  
51,:(pic;)41,:(pic;)31,:(pic;)21,:(pic;)11,:(pic;)01,:(pic  

)71,:(pic;)61,:(pic;) ;  ...  
32,:(pic;)22,:(pic;)12,:(pic;)02,:(pic;)91,:(pic;)81,:(pic  

c;) )52,:(pic;)42,:(pi ;  ...  
13,:(pic;)03,:(pic;)92,:(pic;)82,:(pic;)72,:(pic;)62,:(pic  

;])23,:(pic;)   
dezildradnats====%  ylhtnom  wolf  ======================atad  

;)dpmi(naem=pem   
;)dpmi(dts=pds   

)1,:(dpmi([=dpms - 1(pds/.))1(pem ) 2,:(dpmi( )- 
)2(pds/.))2(pem  pmi( )3,:(d - )3(pds/.))3(pem ...   

)4,:(dpmi( - 4(pds/.))4(pem ) 5,:(dpmi( )- )5(pds/.))5(pem  
)6,:(dpmi( - )6(pds/.))6(pem  ...  
)7,:(dpmi( - 7(pds/.))7(pem ) 8,:(dpmi( )- )8(pds/.))8(pem  
)9,:(dpmi( - )9(pds/.))9(pem  ...  
)01,:(dpmi( - 01(pds/.))01(pem ) 11,:(dpmi( )- 

))11(pem )11(pds/.  )21,:(dpmi( - ])21(pds/.))21(pem ;  
rofsnart================% m ot  nmuloc  

================================tamrof   
;'dpms=pmc   

,:(pmc;)5,:(pmc;)4,:(pmc;)3,:(pmc;)2,:(pmc;)1,:(pmc[=dpmsc  
)9,:(pmc;)8,:(pmc;)7,:(pmc;)6 ;  ...  
)21,:(pmc;)11,:(pmc;)01,:(pmc 51,:(pmc;)41,:(pmc;)31,:(pmc;  

)71,:(pmc;)61,:(pmc;) ;  ...  
32,:(pmc;)22,:(pmc;)12,:(pmc;)02,:(pmc;)91,:(pmc;)81,:(pmc  

)52,:(pmc;)42,:(pmc;) ;  ...  
13,:(pmc;)03,:(pmc;)92,:(pmc;)82,:(pmc;)72,:(pmc;)62,:(pmc  

;])23,:(pmc;)   
======================================% ==============   

;)2,4/)dfmsc(htgnel,dfmsc(rrocotua=dfmscFCA   
% noitalorrocotuA'(eltit  )'noitcnuf   

;)2,8/)dfmsc(htgnel,dfmsc(rrocrap=dfmscFCAP   
###%  tceles  dnik  fo  dedom  & tes  eht  ledom  #  #  

eps c = 
(teshcrag 'R' ,Ri, 'M' ,Mi, 'ssergeR' ,]xi:1[, 'p' ,pi, 'q' )qi,   

###% #################################################### #  
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dpmsc(htgnel:1(dpmsc;))dpmsc(htgnel(dpmsc[=1BB )- ;])1   
gnel(1BB[=2BB dpmsc(htgnel:1(1BB;))dpmsc(ht )- ;])1   

dpmsc(htgnel:1(2BB;))dpmsc(htgnel(2BB[=3BB )- ;])1   
dpmsc(htgnel:1(3BB;))dpmsc(htgnel(3BB[=4BB )- ;])1   
dpmsc(htgnel:1(4BB;))dpmsc(htgnel(4BB[=5BB )- ;])1   
dpmsc(htgnel:1(5BB;))dpmsc(htgnel(5BB[=6BB )- ;])1   

msc(htgnel(6BB[=7BB dpmsc(htgnel:1(6BB;))dp )- ;])1   
dpmsc(htgnel:1(7BB;))dpmsc(htgnel(7BB[=8BB )- ;])1   
dpmsc(htgnel:1(8BB;))dpmsc(htgnel(8BB[=9BB )- ;])1   

)dpmsc(htgnel:1(9BB;))dpmsc(htgnel(9BB[=01BB - ;])1   
dpmsc(htgnel:1(01BB;))dpmsc(htgnel(01BB[=11BB )- ;])1   

msc(htgnel(11BB[=21BB dpmsc(htgnel:1(11BB;))dp )- ;])1   
dpmsc[=cspicerp  1BB  2BB  3BB  4BB  5BB  6BB  7BB  8BB  9BB  01BB  11BB  

 ;]21BB  
##############%  retemaraP  noitamitsE  #################### ## 

011samgis,00011snoitavonni,00011FLL,00011rorre,00011ffeoc[  
]00011yrammus,00   
sc,ceps(tifhcrag= ;))xi+ji:1+ji,:(cspicerp,dfm   

011samgis,00011snoitavonni,00011FLL,00011rorre,00011ffeoc[  
]00011yrammus,00   

011snoitavonni,)xi+ji:1+ji,:(cspicerp,dfmsc,ceps(tifhcrag=  
;)dfmsc,00011samgis,00   

==========%  enimaxE  eht  detamitsE  ========================  
idhcrag ;)00011rorre,00011ffeoc(ps   

############%  noitalumiS  ##################### #  
]00011y,00011s,00011e[  =  

,][,)xi+ji:1+ji,:(cspicerp,][,misN,483,00011ffeoc(mishcrag  
;)dfmsc,00011samgis,00011snoitavonni   

#########%  gnitsaceroF   ######################  
roFamgiS[ ]00011AtsaceroFnaeM,00011Atsace  =  

))xi+ji:1+ji,:(cspicerp,NdaeL,dfmsc,00011ffeoc(derphcrag ;  
Ri[=nn  Mi  pi  qi  ;]xi   

rof  )dfmsc(htgnel:)nn(xam=j   
c(derphcrag=])j(00011BtsaceroFnaeM,)j(00011BtsaceroFamgiS[  

xi+ji:1+ji,:(cspicerp,1,)j:1(dfmsc,00011ffeo   
)) ;  
h dlo  no   
ne d  

]00011eulaVlacitirC,00011tatS,00011eulaVp,00011H[   
01[,00011snoitavonni(tsetqbl=  03   ;)50.0,']05  

00011H[  00011eulaVp  00011tatS  ]00011eulaVlacitirC   
#########################################################%  

)dfmsc(htgnel=d - BtsaceroFnaeM(htgnel )00011 ;  
)dne:d+1(dfmsc=rorrE - '00011BtsaceroFnaeM ;  

;)2^.rorrE(mus=ESS   
;)rorrE(htgnel/ESS=ESML   

5.0^ESML=zESMR   
===================================================% =  

;'00011BtsaceroFnaeM=a   
21:1(a[=b ) 42:31(a ) 63:52(a ) 84:73(a ) 06:94(a ) )27:16(a  

)48:37(a  )69:58(a  ...  
801:79(a ) 021:901(a ) 231:121(a ) 441:331(a ) )651:541(a  
)861:751(a  )081:961(a  ...  
291:181(a ) 402:391(a ) 612:502(a ) 822:712(a ) )042:922(a  
)252:142(a  )462:352(a  ...  
672:562(a ) 82:772(a 8) 2(a 98 03: 0) 3(a 0 13:1 2) (a 3 3:31 2 )4  
)633:523(a  )843:733(a  ...  
)063:943(a  )273:163(a  ;])483:373(a   

;'b=c   
1(fem+))1(fds*)1,:(c([=t ) )2(fem+))2(fds*)2,:(c(  

3(fem+))3(fds*)3,:(c( )  ...  
4(fem+))4(fds*)4,:(c( ) )5(fem+))5(fds*)5,:(c(  
6(fem+))6(fds*)6,:(c( )  ...  
7(fem+))7(fds*)7,:(c( ) )8(fem+))8(fds*)8,:(c(  

em+))9(fds*)9,:(c( 9(f )  ...  
01(fem+))01(fds*)01,:(c( ) )11(fem+))11(fds*)11,:(c(  

;])21(fem+))21(fds*)21,:(c(   
;t^.01=tt   

dfmi((mus=ttt - ;)2^.)tt   
;)ttt(mus=tttt   

)00011BtsaceroFnaeM(htgnel/tttt=ttttt ;  
5.^ttttt=xESMR   

#####################################################%   
tic ;'tt=t   

tic;)5,:(ttic;)4,:(ttic;)3,:(ttic;)2,:(ttic;)1,:(ttic[=ttc  
)9,:(ttic;)8,:(ttic;)7,:(ttic;)6,:(t ; .. .  

tic;)41,:(ttic;)31,:(ttic;)21,:(ttic;)11,:(ttic;)01,:(ttic  
)71,:(ttic;)61,:(ttic;)51,:(t ;  ...  

tic;)22,:(ttic;)12,:(ttic;)02,:(ttic;)91,:(ttic;)81,:(ttic  
)52,:(ttic;)42,:(ttic;)32,:(t ;  ...  

tic;)03,:(ttic;)92,:(ttic;)82,:(ttic;)72,:(ttic;)62,:(ttic  
;])23,:(ttic;)13,:(t   

dirg  no   
ttc(tolp , 'emaNyalpsiD' , 'tsaceroFnaeM' , 

'ecruoSataDY' , 'tsaceroFnaeM' ;)   
dloh  lla  ;  

,dfmic(tolp  'emaNyalpsiD' , 'dfmsc' , ecruoSataDY' ', 'dfmsc' ;)  
dloh  ffo ;  )fcg(erugif  

######################################################% #  
00011CIB,00011CIA[ ] = ,00011FLL(cibcia  

;)483,)00011ffeoc(tnuochcrag   
00011FLL   
00011CIA   
00011CIB   

1cia 11ffeoc(tnuochcrag*2+)2^)00011samgis(naem(gol*483=0001  
000 )  
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