
 

 
rP o rg a i gnimm n C D dna ata S urt c ut er s 

 
C DO E: 15PC 1D 2/3 3 AI  M ra k :s  20 
Hrs/ :keeW  04 Exam rH :s  03  

oT at l H :sr  50 Exam kraM 8:s 0 
 
 

ejbO c it ves:  
 

ehT  obj evitce s of this c esruo  si  to make ts udents to el a nr  ab sic rp i cn iples of borP el m 
os lving, i lpm e em n gnit  rht ough C rp go ra mm i gn  nal g au ge a dn  to de ngis  & ed velop 
rp o rg a nimm g s lik ls.  

M UDO LE I  

DORTNI UCT OI N TO C AL NG AU :EG  esP udo oc de solut oi n to ,melborp  cisaB  
oc n pec ts fo  a C pro rg a ,m  ceD l itara on, ssA ign nem t & Pr ni t statemen ,t  T sepy  of 

o tarep ors and xe p isser o sn , rP ogram im ng ex ma p el s na d ex icre se.  
 

Text 1: Chapt re  2 . xeT t 2: 1 1. , .1 2 1, .3. H01 o sru   

M UDO LE II  

HCNARB I GN  DNA  LO PO IN :G  wT o aw y sel ce tion fi( , if- le s ,e  en s det  if- ,esle  
ac s ac d de  if-el ,)es  ctiws h nemetats t, ret nary po er ota r? Go to, oL ops (F ro , do- hw ile, 

wh )eli  in C, erb ak na d co itn n eu , pro rg am im ng ex ma p sel  na d ex esicre s.  
 

Text 1: Chapt re  3. xeT  t 2: 4.4. 10 Hou sr   

M UDO LE III   
 

ARRA Y ,S  STRINGS DNA  F TCNU ION :S   

ARRA YS AND ST SGNIR : isU ng an array, sU ing ra ra sy  iw th uF nct oi n ,s  Multi- 
emiD n ois n la  ra rays. tS rin :g  De iralc n ,g  nI i lait izin ,g  rP inting a dn  reading irts ngs, 

s irt n sg  inam up ital no  f nu tc io sn , strin sg  i pn ut and o tu up t f nu ctio ,sn  ra rays of irts ngs, 
pro rg a imm ng ex ma p el s and xE esicre .s   

xeT t 1: 5 7. , txeT  2: .7 3, .7 4, cha tp re  9 
 

CNUF TIONS: uF n itc ons ni  C, Ar emug nt ssaP ing – llac  by v la ue, F nu tc ions dna  
pro rg am s rt u ,erutc  loca it on fo  fun itc no s, v dio  dna  retemarap  sel s uF n itc no ,s  

sruceR ion, rp ogr imma ng ex pma l se  na d exerci ses .  
 

xeT t 1: 1.7, .1 8, C ah pt re  4. xeT t 2: .5 1 to 5 .4.  01  Hours  
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M UDO LE VI   

UTCURTS R SE  DNA  IF LE M EGANA M :TNE  aB s ci  of st tcur ru ,se  structures a dn   
Fun itc o sn , rA rays of ts ur tc u ,ser  st cur ture Data types, t epy  d ife nition, ifeD ning, o ep ning  
na d lc o is ng of if l se , I upn t na d o tu p tu  op itare sno , pro arg mming ex ma p sel  and ex sesicre .  

 
xeT t 1: 6.1 to 6.3. txeT  2: 1 .0 1 to 10.4, Ch pa ter 11 . 10 Ho ru s  

M UDO LE V 

OP INTE SR  DNA  RP EP COR ESSOR :S  Pointe sr  na d da d ,sser  op in sret  dna  fu tcn i sno  
arg mu en ,st  poin sret  and rra a ,sy  add sser  a ir t citemh , ahc r ca t re  poi retn  na d uf n itc no ,s  

iop n sret  to pointer ,Initi itazila no  of p nio t re s rra a sy , Dyn ma ic olla c snoita  htem ods, 
In rt odu itc no  to erP proce ss o ,sr  C mo p reil  control itceriD v ,se  progr imma ng ex ma p sel  dna  
ex sesicre .  

Text 1: 5.1 to 5.6, 5.8. xeT t 2: 12.2, 12.3, 13.1 ot  1 .3 7.  
 

rtnI odu itc on ot  Da at  St cur t seru : P imir t evi  a dn  non p mir i it ve ad ta t sepy , ifeD n ti ion and 
pa pli tac ions of tS ac sk , Qu ,seue  iL n dek  iL sts na d T eer s.  

xeT t 2 : 14.1, 14. ,2  14 1. 1, 14. 21 , 14.1 ,3  14.15, 14.16, 41 .1 ,7  15.1. 08 Hou sr  + 04 sruoH   

esruoC  O ctu o em s: nO  co lpm eti no  fo  siht  co ,esru  duts e stn  are able to  

· hcA ieve onK wl de ge of ised gn a dn  ed v le opme tn  of rp ob el m los v gni  
ski ll .s   

· nU d re stand t eh  ba cis  pri cn i selp  fo  P or gra mm i gn  ni  C la augn ge  
· iseD gn a dn  ed vel po  mo lud ar rp go ra mm ing ski ll s.  
· Eff itce ve litu iza it on fo  memory su ing op i retn  t nhce ology  
· nU d re stan sd  t eh  ba cis  c cno e stp  of op i tn ers and data st tcur u ser .  

XET T OB :KO  

1. iarB n .W  eK rnighan a dn  eD n in s R .M ich :ei  The C pro arg mming aL n ug ag ,e  2nd  
Ed ti ion, PHI, 201 .2   

2. J ca uq ile ne Jo sen  & eK ith rraH o :w  rP obl me  Solv gni  htiw  C, 1 ts  Edition, P ae nosr  
20 11 .  

 
eR f re e ecn  Boo sk :  

1. sakiV  G pu :at  C mo p tu er Co ecn p st  na d C Program im n ,g  D maer t ce h serP s 02 13.  
2. R S ,rakhciB  rP ogram im ng w hti  C, University sserP , 02 .21   
3. V R raja a am n: Com up ret  Pro rg am im ng in C, HP ,I  20 .31   
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S ataD dna C ni gnimmargorP t utcur r se  51 DCP 13  

 
 

aT ble Of Cont ne t P ga e on   

ELUDOM   I  
 

NOITCUDORTNI  OT  C GNAL U GA E 4  
 

oduesP - edoc  noitulos  ot  melborp   

cisaB  stpecnoc  fo  a gorp C r  ,ma  

,noitaralceD  nemngissA t & tnirP  ts atem ne t,  

sepyT  of srotarepO  dna  ex ,snoisserp   

gnimmargorP  selpmaxe  dna  ex esicre .  
 

I ELUDOM I  
 

GNIPOOL DNA GNIHCNARB :  83  

 
 

owT  way snoitceles  ,fi(  fi - ,esle  detsen  fi - ,esle  dedacsac  if- ,)esle   

hctiwS  st ,tnemeta   

anreT ry op rotare ? oG  ,ot  spooL  ,roF(  do- ,elihw  w )elih  ni  C,  

kaerB  dna  ,eunitnoc  gnimmargorp  selpmaxe  dna  ex sesicre .  
 
 

I ELUDOM I  I  
 

RA ,SYAR  :SNOITCNUF DNA SGNIRTS   15  
 

RTS DNA SYARRA NI GS  
 

gnisU  na  rra a ,y  isU ng syarra  tcnuF htiw i no s  

itluM - lanoisnemiD  rra a sy .  

:gnirtS  ,gniralceD  ,gnizilaitinI   

gnitnirP  dna  idaer ng ,sgnirts  irts n sg  noitalupinam  tcnuf i ,sno   

sgnirts  tupni  dna  tuptuo  f oitcnu ,sn  rra a sy  of ts ,sgnir   

gnimmargorp  selpmaxe  dna  sesicrexE   
 

SNOITCNUF   
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F  ,C ni snoitcnu  

 gnissaP tnemugrA – yb llac   dna snoitcnuF ,eulav  

erutcurts margorp ,  

oitcnuf fo noitacol ,sn   

tcnuF ssel retemarap dna diov i  ,sno  

oisruceR n  
 

xe dna selpmaxe gnimmargorp e cr ises.  
 

ELUDOM  VI   
 

SERUTCURTS  DNA  ELIF  NEMEGANAM T 28   
 

cisaB   ,serutcurts fo  

serutcurtS  dna  ,snoitcnuF   

syarrA  fo   ,serutcurts  

erutcurtS  ataD  t ,sepy   

epyT  ,noitinifed   

ifeD ,gnin  gninepo  dna  cl gniso  fo  elif  s  

tupnI  dna  tuptuo  snoitarepo   

gnimmargorP  selpmaxe  dna  sesicrexe   
 
 

ELUDOM   V  
 

SRETNIOP  DNA  RP E ROSSECORP S 29   

sretnioP  dna  serdda s  

sretnioP  dna  snoitcnuf  tnemugra s  

sretnioP  dna  rra a ,sy  sserdda  citemhtira   

retcarahC  niop ret  dna  ,snoitcnuf   

sretnioP  ot  niop t  re  

noitazilaitinI  fo  sretniop  syarra   

cimanyD  snoitacolla  em t sdoh   

dortnI u noitc  ot  srossecorperP   

reilpmoC  lortnoc  tceriD i sev   
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gnimmargorP  selpmaxe  dna  sesicrexe .  

noitcudortnI  ot  ataD  serutcurtS :  
 

evitimirP  dna  non  evitimirp  atad  t epy  s  

noitinifeD  dna  itacilppa o sn  fo  S skcat   

,seueuQ  dekniL  stsiL  dna  seerT   
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ELUDOM   I  
 

TCUDORTNI I  EGAUGNAL C OT NO  
 

oduesP - edoc  noitulos  to orp lb me ,  
 

ehT  ssecorp  fo  nart s gnimrof  eht  noitpircsed  fo  a melborp  otni  eht  noitulos  fo  taht  elborp m b  y  
gnisu  ruo  wonk led eg  fo  eht  melborp  niamod  and by er l iy ng on ruo  ba i il ty ot  s tcele  dna  use  

etairporppa  p melbor - los v gni  getarts i ,se  euqinhcet s, dna  sloot .  
 
A wef  borp l sme  ex  :selpma  
 

1. gnitaluclaC  a pit   
2. elbuoD  gnikcehc  a yrecorg  tpiecer   
3. gnitamotuA  XeTaL  ot  TH ML noisrevnoc   

 
ehT  erawtfoS  mpoleveD tne  dohteM   

oslA  nwonk  eht sa  erawtfos  efil  elcyc   

gnitratS  morf  eht  p lbor em ats tem ne t:  

1. stnemeriuqeR  noitacificeps  ---  lavomer  fo  am iugib ty morf  eht  borp l me   tnemetats  

gniriuqca(  )esitrepxe   

2. anA l sisy  ---  a d deliate  noitanimreted  fo  eht  lborp me  tupni s dna  uptuo ts  

3. ngiseD  ---  eht  tnempoleved  fo  a lo lacig ly-o deredr  tes  fo  ,spets  esohw  ap noitacilp  ot   eht  

melborp  tupni  secudorp  t eh  melborp  uptuo  t  

4. noitatnemelpmI  ---  eht  noitaerc  fo  a wo gnikr  progr ma  morf  eht  sed ig  n  

5. gnitseT  dna  v noitacifire  ---  fo  eht  wo gnikr  pro rg am  

6. noitatnemucoD   

1. ehT  melborp  ieb ng os lved  

2. ohW  si  bisnopser le  ?  

3. ehT  ngised   

4. ehT  sralucitrap  fo  eht  im elp m ne ta it no   

 
mhtiroglA  ngiseD  dna  noitatneserpeR   

 
 :mhtiroglA  
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A ecneuqes  fo  a etinif  rebmun  fo  spets  arra n deg  ni  a cificeps  lo lacig  redro  ,hcihw  nehw  ex uce t ,de   

secudorp  eht  noitulos  rof  a melborp .  
 

nA  mhtirogla  tsum  yfsitas  eht  iwollof ng eriuqer m :stne   
 

1. tupnI  ---  lausu l eriuqer y d  
2. uO  tupt  
3. ssensuougibmanU  ---  sretupmoc  t'nod  tpecca  ma b iugi ty  
4. ytilareneG  ---  sevlos  a ssalc  fo  smelborp   
5. ssentcerroC  ---  yltcerroc  evlos  eht  nevig  melborp   
6. ssenetiniF  ---  oitanimret n  
7. neiciffE cy ---  oitingocer n fo  etinif  gnitupmoc  ser o :secru  C UP  c ,selcy  em m yro   

 
:edocoduesP   

 
A ,lamrofimes  En hsilg - ekil  al n egaug  htiw  a detimil  alubacov ry taht  nac  eb  desu  ot  ngised  dna   

ebircsed  smhtirogla .  
 

• ateM - gnimmargorp  egaugnal   
• mhtiroglA  neserper t noita   

 
edocoduesP  larutcurtS  El stneme   

 
C. mhoB  dna  G. J inipoca  devorp  ni  6691  naht  edocoduesp  uqer i der  no ly th eer  tcurts u lar   

 stnemele  
 

ehT  ecneuqeS  lortnoC  S curt t ru  e  
A seires  fo  spets  ro  stnemetats  taht  era  detucexe  in eht  redro  ht ey era  nettirw  ni  na  al mhtirog .  
 

:elpmaxE   
 

tnirp  tahW"  si  ruoy  eman ?"  
er da  eman   

tnirp  woH"  era dlo  ,uoy  " ,eman ," ?  "  
daer   ega  

tel  raeYhtrib  = RAEY_TNERRUC  - ega   
 

/nigeb  dne  riap  gnipuorg :  
 

nigeb   
tel  euDtnuoma  = revo D eu  + nerruc t gnilliB  + pen la ty  

tnirp  uoY"  :ewo  ,"  euDtnuoma   
dne   
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ehT  noitceleS  lortnoC  rutcurtS e  
ehT  retla n sevita  fo  owt  sesruoc  fo  noitca  no ly eno  fo  hcihw  si  nekat  ed pen gnid  no  eht  uo t oc m  e  

fo  a ,noitidnoc  hcihw  si  ei reht  eurt  ro  f esla .  
 
fi  dnoc ti noi   

trap_neht   
esle   

rap_esle t  
e i_dn f  
 

erutcurtS  fo  ,trap_neht  el rap_es t: 
 

• A elgnis  etats m  tne  
• A tes  fo  stnemetats  en desolc  by b /nige  ne d  

 
yap fi m i tne  s udrevo e  

nigeb   
tel  euDtnuoma  = sap t euD  + cu nerr t gnilliB  + p lane ty  

tnirp  uoY"  ow :e  ,"  a nuom t  euD  
dne   

esle   
tnirp  uoY  :ewo  , uc r er ntB li  gnil  

e i_dn f  
 

evitanretlA  detsen  fi - esle  erutcurts  ele m :tne  fi_esle   
 

edarg fi  6 < 0  
tnirp  "F"  
fi_esle  edarg  7 < 0  
tnirp  " "D   
fi_esle  edarg  8 < 0  
tnirp  "C"  
fi_esle  edarg  9 < 0  
tnirp  "B"  

esle   
tnirp  " "A   

e i_dn f  

ehT  noititepeR  lortnoC  tucurtS re  
seificepS  a kcolb  fo  one ro  erom  stnemetats  taht  era  er p detae ly ex detuce  litnu  a noitidnoc  is  

eifsitas d.  
 

elihw  tidnoc i no   
ydob_pool   

elihw_dne   
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erutcurtS  fo  ob_pool dy  
 

= mus tel   0  
elihw  ereht  era  tupni  nu srebm  ot  mus   

nigeb   
tnirp  eN" xt :rebmun   "  

daer  ebmun  r  
tel   = mus su  m + un m eb r  

dne   
elihw_dne   

tnirp  ehT"  mus  ," :si  us m  

 
 

cisaB  stpecnoc  fo  a gorp C r  ,ma  
 
C egaugnal  seiranimilerP   

:noitcudortnI  C si  a rp o marg m gni  l gaugna e ed v le oped ta  TA  & T’ s lleB  bal o tar o ir es of ASU  ni   
791 2. tI  w sa  de dengis  dna  w tir t ne  by a sy ts me  rp o mmarg er eD sinn  R .eihcti  ehT  m nia  ni t ne tion saw  ot   

d ve le op a egaugnal  for so evl  lla  po elbiss  itacilppa o .sn  C egaugnal  aceb me po ralup  esuaceb  of t eh   
saer gniwollof o sn .  

1. C si  a tsubor  lan egaug  , hcihw  stsisnoc  of bmun er fo  iub tl - ni  tcnuf i sno  and arepo tors  

nac  eb  desu  ot  etirw  any xelpmoc  margorp   

2. gorP r sma  nettirw  ni  c era  ex detuce  tsaf  derapmoc  to rehto  al n segaug .  

3. C egaugnal  si  hgih ly rop ta elb   

4. C egaugnal  si  llew  detius  rof  erutcurts  d rp ogr ma m gni  .  

5. C si  a elpmis  egaugnal  dna  ae sy nrael ot  .  
 

slatnemadnuF  fo  lborP em S ivlo ng  

gnitucexE  a C p rgor am  

Ex gnituce  a rp o marg  rw i nett  ni  C sevlovni  a res sei  fo  ts spe . esehT  era   

1. gnitaerC  eht  rp margo .  

2. gnilipmoC  eht  argorp m  .  

3. ikniL ng eht  rp o marg  htiw  snoitcnuf  taht  era  n ee d de  morf  eht  arbil C ry  .  

4. gnitucexE  eht  margorp .  
 

noitcudortnI  ot  C Langu ega   
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erutcurtS  fo  a C rgorp am:  

ehT  cisab  erutcurts  fo  a  margorp C is nwohs  eb lo  w  

noitatnemucoD  noitceS   

oitceS kniL n  

noitinifeD  noitceS   

labolG  noitaralceD  noitceS   

)(niam  uF n noitc  tceS i no   

{  

noitaralceD  raP t  

elbatucexE   traP  

}  

margorpbuS  oitces n  

noitcnuF   1  

tcnuF noi   2  

.  

.  

.  

noitcnuF   n  
ehT  noitatnemucod  noitces  stsisnoc  fo  a tes  fo  tnemmoc  senil  gnivig  eht  eman  fo  eht  margorp ,  

eht  eman  rohtua  dna  rehto  sliated  hcihw  eht  remmargorp  dluow  ekil  ot  esu  al t re . ehT  knil  s  noitce  

sedivorp  snoitcurtsni  ot  eht  elipmoc r ot  knil  uf n snoitc  morf  eht  s metsy  l arbi r .y  The tinifed i no   

noitces  sniatnoc  lla  s my b cilo  stnatsnoc . erehT  a er  emos  selbairav  th ta  era  us de  ni  erom  t nah  on  e  

oitcnuf n. hcuS  rav i elba s era  ellac d labolg  rav iab sel  dna  era  d deralce  ni  t eh  labolg  de  noitaralc  

noitces . evE ry C rp o marg  tsum  evah  eno  )(niam  noitcnuf  noitces . sihT  noitces  sniatnoc  owt   strap  

noitaralced  trap  dna  ex elbatuce  .trap  ehT  noitaralced  trap  seralced  lla  eht  selbairav  desu  ni   eht  

ex elbatuce  trap . erehT  dluohs  eb  ta  tsael  eno  tnemetats  ni  t eh  ex elbatuce  .trap  esehT  owt  trap s  

tsum  raeppa  neewteb  eht  gninepo  dna  eht  isolc ng ecarb s. The rp o marg  ex noituce  geb ins at t  eh  

gninepo  br eca  dna  sdne  ta  eht  gnisolc  arb c .e  ehT  gnisolc  ecarb  of eht  ma ni  cnuf it no  s noitce  is  

lacigol  dne  fo  the rp o .marg  lA l stnemetats  ni  eht  ced l noitara  dna  ex elbatuce  strap  dne  htiw  a  
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ocimes lon. ehT  margorpbus  noitces  sniatnoc  lla  eht  resu - denifed  snoitcnuf  taht  era  dellac  ni  eht   

niam  tcnuf i no . ehT  niam  noitcnuf  si  ev ry atropmi nt derapmoc  ot  rehto  s ce ti sno .  
 

retcarahC  teS   

 
ehT  sretcarahc  taht  nac  eb  desu  ot  mrof  ,sdrow  srebmun  dna  ex snoisserp  dneped  nopu   eht  

retupmoc  no  hcihw  eht  margorp  si  .nur  ehT  carahc t sre  ni  C era  uorg p de  otni  eht  lof  gniwol  

etac g iro es.  

1. retteL s  

2. igiD ts  

3. laicepS  retcarahc s  

4. etihW  secapS   

L srette  stigiD   

esacreppU  Z…A  llA  lamiced  stigid  9…0   

esacrewoL   z.…a  

laicepS  sretcarahc   

, moc ma &  dnasrepma  

. ep r doi  rac ^ a  t  

; mes i oc l no  tsa* re  ksi  

: oc l no  - sunim  sign  

? noitseuq  m kra  + gis n  

‘ hportsopa e < gninepo  elgna  tekcarb   

! ex tamalc i no  ram k s naht ssel ro( i ng )  

lacitrev |  b ra  > gnisolc  an ekcarb elg t  

/ sl hsa  ro(  retaerg  s naht i  )ng  

\ hsalskcab  ( tfel   sisehtnerap  

~ t li ed  ) thgir  sisehtnerap   

_ ocsrednu er  [  tfel ekcarb t  

$ rallod  sign carb thgir ] k  te  

s tnecrep % ign carb tfel { e  

# gis rebmun n  ecarb thgir }  
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etihW  secapS   

knalB  capS e  

latnoziroH  bat   

egairraC   nruter  

weN   enil  

eef mroF d  

itnedI if re s  :  
nI  c egaugnal  eve ry drow  si  deifissalc  otni  rehtie  yek w dro  ro  reifitnedi . llA  wyek o sdr  vah  e  

dexif  sgninaem  dna  eht se inaem n sg  tonnac  eb  ch degna . Th ese  evres  sa  cisab  gnidliub  kcolb s of r  

rgorp am tnemetats s. A ll  sdrowyek  tsum  eb  nettirw  ni  .esacrewol  ehT  tsil  fo  lla  NA SI C  

sdrowyek  era  detsil  woleb   
 

C ISNA  yeK w ro ds  
otua  elbuod  int urts c  t  

kaerb  sle e l no g  hctiws  

esac  mune  etsiger r t  fedepy  

rahc  nretxe  ruter n nu i no   

snoc t olf at rohs t dengisnu   

unitnoc e of r is g den  ov id  

luafed t tog o oezis f talov li e  

do if itats c lihw e  

Id sreifitne  efer r ot  eht  n sema  of rav i ,selba  cnuf t snoi  dna  a rr a sy . esehT  era  resu  ifed n  de  

seman  dna  tsisnoc  fo  a ecneuqes  fo  srettel  dna  ,stigid  htiw  a rettel  sa  a tsrif  .retcarahc  toB h  

acreppu se dna  esacrewol  srettel  are p ,dettimre  al hguoht  acrewol se rettel s era  nommoc ly desu .  

ehT  erocsrednu  ch retcara  si  osla  timrep t de  in edi n it sreif . tI  si  su u la ly us de  sa  a knil  b wte e ne  wt o  

drow  ni  gnol  reifitnedi s  .  
 

regetnI  atsnoC n st  :  
 

nA  regetni  tnatsnoc  srefer  to a s uqe e ecn  of dig ti s. erehT  era  t eerh  typ se  fo  sregetni ,  

yleman  d ,lamice  o latc  and eh x lamiceda . lamiceD  sregetni  tsisnoc  fo  a tes  fo  gid its 0 t orh u hg  9,  

dedecerp  by na  lanoitpo  – ngis + ro . emoS  ex selpma  fo  lamiced  regetni  co stnatsn  ra  e  

De tp .	 ,ESI	fo 	 TIBJS 	 	01	egaP



 
gorP S ataD dna C ni gnimmar t utcur r se  31DCP51  

 
 

321   

- 134  

0  

76543   

876+   

,secapS  ,sammoc  dna  non- tigid  sretcarahc  a er  ton  dettimrep  neewteb  dig ti s. roF  ex elpma   
51  057   

000,02   

sR  0001   

era  lagelli  srebmun  .  

nA  latco  regetni  atsnoc nt stsisnoc  fo  any itanibmoc no  fo  stigid  morf  eht  tes  0 t hguorh  7 wi ht  a  

nidael g 0. emoS  ex selpma  :era  

730   

0  

5340   

7650   

A ecneuqes  fo  stigid  dedecerp  by 0x si  deredisnoc  sa  eh x lamiceda  .regetni  yehT  may  osla  

edulcni  stebahpla  A hguorht  F ro  a orht u hg  F. T eh  srettel  A hguorht  F r neserpe t eht  un m sreb   01  

51 hguorht . The ex selpma  rof  eh x lamiceda  sregetni  :era  

2x0   

0x F9   

cbx0 d  

x0   

gnitaolF - tniop  stnatsnoc :  

regetnI  srebmun  era  etauqedani  ot  tneserper  nauq t seiti  taht  av ry ounitnoc usl ,y  hcus  sa  ecnatsid s  

sthgieh,  serutarepmet,  p, r eci s dna  so no . esehT  seititnauq  era  detneserper  by srebmun  noc t gninia   

lanoitcarf  strap  ekil  .87.32  hcuS  srebmun  era  ac l del  gnitaolf - tniop  stnatsnoc  ro  laer  .stnatsnoc   

Ex selpma  rof  gnitaolf -po tni  stnatsnoc  era  nevig  woleb .  

12 3.  
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. 59   

- 17.  

5.+   

A laer  rebmun  may osla  eb  ex desserp  ni  ex ro(laitnenop  cificeps  )noitaton . roF  ex elpma  eht  ulav e  

54.312  may eb  nettirw  sa  2e5431.2  ni  ex tnenop ial .noitaton  2e  snaem  pitlum ly by .201  hT e  

g larene   si mrof  

assitnam  e ex  tnenop  

retcarahC  :stnatsnoC  

A retcarahc  tnatsnoc  sniatnoc  a elgnis  retcarahc  en desolc  nihtiw  a riap  fo  elgnis  etouq   

am r sk . selpmaxE  fo  retcarahc  stnatsnoc  :era   

’5‘  ’X‘  ’;‘   ‘ ‘  

etoN  taht  eht  retcarahc  tnatsnoc  ’5‘  si  ton  eht  emas  sa  eht  rebmun  5. ehT  tsal  tnatsnoc  si  a  knalb  

aps ec . retcarahC  stnatsnoc  evah  regetni  lav ues nwonk  sa  IICSA  v .seula  roF  ,elpmaxE   eht  

nemetats t  

ftnirp  ,”d%“(  )’A‘  ;  

dluow  tnirp  eht  rebmun  6 eht,5  SA C II  v eula  fo  eht  rettel  a. ralimiS l ,y  eht  ats t tneme   

,”c%“(ftnirp  )56   

dluow  evig  eht  tuptuo  sa  rettel  .’A‘  tI  si  sla o elbissop  ot  frep orm a htir metic snoitarepo  on  

retcarahc  stnatsnoc .  

hsalskcaB  retcarahC  C :stnatsno   

C stroppus  emos  laiceps  hsalskcab  retcarahc  co stnatsn  taht  era  desu  ni  uo t tup  cnuf it no s.  roF  

ex ,elpma  eht  s lobmy  ‘\n’ sdnats  rof  n we  enil  carahc t .re  ehT  b wole  at b el  sevig  oy u a list of  

hsalskcab  stnatsnoc  .  
 

hsalskcaB  retcarahC  C tnatsno s  

natsnoC t inaeM n  g  

‘\a’ elbidua  )lleb(trela   

‘\b’ kcab  ecaps   

‘\f’ mrof  eef  d  

‘\n’ wen  enil  retcarahc   

‘\r’ rrac i  ega r rute n  
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‘\t’ latnoziroh  t ba   

‘\ ’v  lacitrev  at b  

‘\’’ elgnis   etouq  

‘ \ ’ ”  ouq elbuod t  e  

‘\?’ noitseuq  kram   

‘\\’ hsalskcab  kram   

‘\ ’0  llun  carahc ter  

etoN  taht  e hca  eno  fo  meht  stneserper  eno  ,retcarahc  ohtla u hg  ht ey oc n tsis  fo  owt  .sretcarahc   

esehT  retcarahc  snoitanibmoc  era  dellac  epacse  secneuqes  .  

gnirtS  atsnoc nts  :  

A gnirts  tnatsnoc  si  a ecneuqes  fo  tcarahc ers e cn los de  in buod le ouq t se . ehT  srettel  may be  

n ,srebmu  laiceps  carahc t sre  dna  knalb  sp eca .  

selpmaxE  era  ig v ne  eb l wo  KNAHT“  ”UOY   

 ”5432“  

“? .... .”  

8+7“ -  ”9  

”X“   

rebmemeR  taht  a hc a retcar  tnatsnoc  ‘X’ si  ton  tnelaviuqe  ot  eht  elgnis  tcarahc er gnirts  snoc t tna  (  

“X”). A gnis le carahc ter gnirts  tnatsnoc  do se  not evah  na  tnelaviuqe  regetni  v eula  sa  a si lgn e  

retcarahc  tnatsnoc . esehT  t epy  fo  stnatsnoc  era  desu  ni  smargorp  ot  dliub  inaem n lufg  rp ogra sm .  

gninaeM  o  f airav b el s  :  

A elbairav  si  a d ata  man e taht  yam  eb  us de  ot  erots  a ad ta v eula . ekilnU  eht  atsnoc stn  taht  iamer n  

ahcnu n eg d irud ng eht  ex noituce  fo  a pro marg , a elbairav  am y at ke id f tneref  eulav s ta  id f ef r ne t  

semit  gnirud  ex noituce . A rav i elba  n ema  nac  be nesohc  by the rp o marg m re  ni  a lufgninaem  way  

os  sa  ot  tcelfer  sti  noitcnuf  ro  erutan  ni  eht  rp o rg am. emoS  selpmaxe  era  nevig  woleb .  

 egarevA  

ieH g  th  

toT a  l  

 1_retnuoC  

seluR  f ro  gninifed  airav lb se :  
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elbairaV  an m se  yam  tsisnoc  fo  ,srettel  ,stigid  dna  eht  )_(erocsrednu  cha car t ,re  tcejbus  ot  eht  selur   

nevig   :woleb  

1. ehT  selbairav  tsum  la w ya s nigeb  htiw  a rettel . So em  s smetsy  timrep  ednu r erocs  sa  ht e  

retcarahc tsrif  .  

2. NA SI dradnats  sezingocer  a htgnel  fo  13  sretcarahc . ,revewoH  eht  htgnel  dluohs   ton  

eb  yllamron  eram  t nah  thgie  ch .sretcara  ecniS  tsrif  thgie  carahc t sre  are detaert  as  

tnacifingis  by am ny oc m srelip .  

3. esacreppU  dna  acrewol se era  fingis i tnac . tahT  si  eht,  elbairav  aR te si  ton  t eh  same as  

etar  LATOT ro .  

4. ehT  elbairav  eman  dluohs  ton  eb  a ke wy o dr .  

5. etihW  ecaps  si  on  t al dewol .  

emoS  selpmaxe  era  nevig  :woleb   

hbA i Va eul   etar_I  

uM m ab i 1s  eulav_hp   

taR e mus 1 ecnatsid   

ehT  selpmaxe   nevig bel dilavni era wo :  

43 5 )etar(   

% 65  dn   

noitaralceD  fo  airav lb se :  

Id sreifitne  hcihw  era  desu  sa  v elbaira  eman  s ohs u dl  eb  pr fe ix de  a  s in et eg r ro  aolf t  

by eht  iwollof ng noitaralced  dluohs  raeppa  ta  eht  gninnigeb  fo  a rp o marg  erofeb  eht  bairav l  e  

seman  era  desu  .  

epyt  eman_  elbairav  elbairav……eman  na em ;  

ehT  t an_epy me si  la wa sy  a r rese v de  wo .dr  The typ _e n ema  elbaliava  of r elbairav  n sema  irots ng  

srebmun  era  tni  for sregetni  na d taolf  rof  gnitaolf  tniop  bmun e .sr  dilaV  ex selpma  era  evig n  

oleb w  :  

tni  oc, thgieh ,n nu t d, i  ;tig  

taolf  ,etar  areva ge , _y c ,etanidroo p ;1   

nehW  a elbairav  n ema  si  alced r de  neht  a omem ry l noitaco  si  deifitnedi  dna  nevig  siht  an me  .  

ehT  gniwollof  snoitaralced  fo  selbairav  era  lavni i :d   

taolF  a b,  c,  ; c( o amm  fa ton si taolf ret  lav di  )  
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tnI  ;x:  ton si :(  lav di  )  

laeR  ,x  er(;y la  si  ton  eht  tcerroc  n_epyt a em )  
 

latnemadnuF  atad  yt ep :s   

C egaugnal  sah  eiteirav s fo  atad  t .sepy  egarotS  neserper t snoita  dna  cam h eni  snoitcurtsni  reffid   

morf  enihcam  ot  ihcam ne. ehT  rav iety of atad  typ se  elbaliava  wolla  eht  remmargorp  ot  tceles   eht  

pa etairporp  ot  eht  sdeen  fo  eht  noitacilppa  sa  llew  sa  eht  .enihcam  ehT  latnemadnuf  ro  yramirp   

atad  sepyt  era  ,)tni(regetni  ,)rahc(retcarahc  taolf i gn  ,)taolf(tniop  dna  elbuod - noisicerp   gnitaolf  

elbuod(tniop ). ynaM  fo  t meh  osla  sah  ex dednet  atad  t sepy  hcus  sa  ol n ,g  ,elbuod  ,trohs  dengisnu   

ngis dna ed. ehT  egnar  fo   ruof cisab t sepy  era   :woleb nevig  

 ataD t sepy  egnaR  fo   seulav  

rahc  -  821 to  721  

tni  - 867,23  to  767,23  

olf at e4.3 - 83  ot  3+e4.3  8  

elbuod  e7.1 - 803  03+e7.1 ot 8  
 
 

,rahC  ,tni  taolf  dna  buod le are lla  ke wy o sdr  dna  th fere o er  rieht  esu  si  er s re v de . hT ey may ton  b  e  

desu  sa  seman  of rav ia .selb  rahC  sdnats  rof  ”retcarahc“  dna  tni  ats n sd  rof  .”regetni“  The  

sdrowyek  trohs  ,tni  gnol  tni  dna  dengisnu  tni  yam  eb  dna  lausu ly ,era  s denetroh  ot  tsuj   ,trohs  

,gnol  dna  ,dengisnu  evitcepser l .y  ,oslA  elbuod  dna  gnol  taolf  era  ,tnelaviuqe  tub  elbuod  si   eht  

drowyek  yllausu  desu  .  

regetnI  :sepyT  

sregetnI  era  elohw  mun b sre  htiw  a ar n eg  of seulav  detroppus  by a ucitrap l ra  ma enihc . yllareneG   

sregetni  ucco py eno  drow  fo  ots .egar  fI  ew  esu  a 61  tib  drow  ,htgnel  t eh  ezis  fo  t eh  ni t ege r  

eulav  si  detimil  ot  eht  egnar  - 86723  ot  76723+ . A dengis  regetni  sesu  one tib  rof  is ng  dna  51  tib s  

rof  eht  edutingam  fo  the .rebmun  ralimiS l ,y  a 23  tib  drow  htgnel  nac  ts o er  na  regetni  ar n ig ng  

morf  - 846,384,741,2  to 746,384,741,2 . C sah  eerht  sessalc  fo  regetni  ,egarots  eman ly trohs   ,tni  

,tni  dna  gnol  tni  ni  htob  dengisnu  dna  si deng  rof ms. roF  ex ,elpma  trohs  tni  erper s stne  riaf ly  llams  

egetni r.  

seulaV  dna  r seriuqe  flah  eht  tnuoma  fo  egarots  sa  a raluger  tni  rebmun  .sesu  ekilnU  engis d  

,sregetni  snu i deng  sregetni  esu  lla  eht  stib  rof  eht  edutingam  of eht  n rebmu  na d are la ways  
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vitisop e. ferehT o ,er  for a 61  tib  hcam ,eni  eht  ar n eg  fo  gisnu n de  regetni  un m sreb  lliw  eb  orf m 0 to  

535,56 . eW  eralced  ol ng dna  gisnu n de  sregetni  ot  aercni se eht  ar n eg  fo  v seula .  
 

gnitaolF  tniop  sepyt :  

gnitaolF  tniop  ro(  )laer  n srebmu  are derots  ni  23  b ti s no(  all 61  bit na d 32 bit hcam i )sen , htiw   6  

stigid  fo  .noisicerp  gnitaolF  tniop  srebmun  are denifed  ni  C by the yek wo dr  .taolf  ehT  typ  e  

elbuod  nac  eb  desu  nehw  eht  arucca cy edivorp d by a taolf  rebmun  si  ton  neiciffus t. A buod l  e  

atad  type rebmun  sesu  46  stib  gnivig  a pr noisice  fo  41  tigid .s  ehT se era  wonk n sa  lbuod e  

noisicerp  srebmun . oT  ex dnet  eht  noisicerp  fu ,rehtr  ew  may esu  ol ng buod el  hcihw  08  ib ts ..   

retcarahC  :sepyt   

A elgnis  retcarahc  nac  be denifed  sa  a ch ra a retc  ( )rahc  t epy  d ata . sretcarahC  era  lausu ly derots  ni   

8 eno(stib  b ety ) fo  retni n la  egarots . ehT  reifilauq  dengis  ro  dengisnu  may eb  ex ticilp ly deilppa  to  

ahc r. elihW  dengisnu  srahc  evah  seulav  neewteb  0 dna  ,552  dengis  srahc  evah  seulav  morf  - 21 8  

ot  721 .  

eziS  dna  egnar  fo  atad  sepyt  on a 61 -b ti  cam h ni e  

yT pe )stib(eziS  R gna e  

rahC  ro  dengis  ch ra  8 -  821 to  721  

dengisnU  rahc  8 0 to 552   

tnI  ro  sign tni de  16 - 867,23  ot  767,23   

dengisnU  tni  16 0 to 53556   

trohS  ni t ro  8 -  821 to  721  

trohs dengiS  i  tn  

dengisnU  hs o tr  tni  8 0 to 552   

oL ng s ro tni i eng d 32 - 846,384,741,2  ot   

oL n ni g t 746,384,741,2   

dengisnU  ol ng ni t 32 0 ot  592,769,492,4   

aolF t 32 E4.3 - 83  ot  3+4.3 8  

lbuoD e 64 E7.1 - 803  ot  03+E7.1 8  

oL ng elbuod  80 E4.3 - ot2394  E1.1 + 2394   

tupnI  dna  tuptuO  F nu tc i :sno   
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fnacS  f oitcnu ns:-  

ehT  uf n noitc  acs n )(f  si  desu  ot  aer d tad a otni  elbairav s orf m eht  ts a dradn  i ,tupn  namely a  

ek y draob . The f lareneg o amr si t : 

tamrof(fnacS - ,gnirts  )nrav………,2rav,1rav   

erehW  amrof t- gnirts  sevig  noitamrofni  ot  eht  oc m retup  no  eht  t epy  fo  ad ta ot  eb  derots  in t eh  lis  t  

fo  selbairav  v 2rav,1ra … nrav…  dna  ni  woh  am ny snmuloc  yeht  lliw  eb  of u dn   

roF  ex ni ,elpma  eht  ts a met ne t  :  

d%“(fnacS  ,”d%  ,p&  ;)q&   

ehT  owt  selbairav  ni  hw i hc  srebmun  era  desu  ot  be derots  ra e p dna  q. The atad  ot  be st ro ed are  

egetni rs. ehT  sregetni  lliw  eb  detarapes  by a knalb  ni  eht  atad  typ de  no  eht  k bye o .dra  

A elpmas  atad  m enil ay t suh  :eb  

654   87581  

evresbO  taht  eht  s lobmy  dellac(&  repma s )dna  hs o dlu  edecerp  hcae  elbairav  eman . dnasrepmA  is  

desu  ot  etacidni  t tah  eht  sserdda  fo  eht  rav i elba  eman  dluohs  eb  dnuof  ot  ts ero  a eulav  ni  ti . hT e  

rennam  ni  hcihw  d ata  si  r dae  by a acs nf etats m tne  may eb  ex denialp  by gnimussa  an ar wor  to be  

denoitisop  evoba  eht  rif st atad  av lu .e  ehT  worra  sevom  ot  eht  en xt atad  eulav  a retf  rots ing ht e  

tsrif  atad  v eula  i  n eht  ots r ega  noitacol  dnopserroc i gn  t  o eht  fir ts  rav i elba  na em  ni  t eh  il st. A nalb k  

retcarahc  dluohs  etarapes  eht  atad  av l seu . ehT  fnacs  tnemetats  sesuac  atad  ot  eb  daer  morf  eno   ro  

erom  senil  llit  srebmun  era  derots  ni  lla  eht  deificeps  elbairav  oN.seman  taht  on  sknalb  dluohs  eb   

tfel  neewteb  sretcarahc  ni  eht  tamrof - .gnirts  ehT  lobmys  & si  ev ry laitnesse  ni  tnorf  fo   eht  

elbairav  eman . fI  emos  of eht  selbairav  ni  eht  tsil  fo  selbairav  ni  eht  tsil  fo  selbairav  in acs nf ra e  

fo  t epy  regetni  dna  emos  era  lf o ,ta  rporppa i eta  ed s snoitpirc  dluohs  eb  desu  ni  eht  tamrof - rts ing  .  

roF  ex pma le:  

d%“(fnacS  f%  ,”e%  a&  ,b& ,  )c& ;  

seificepS  taht  na  regetni  si  ot  eb  derots  ni  ,a  taolf  si  ot  eb  derots  ni  b dna  a fl ao t rw tti ne  gnisu  ht e  

tnenopxe  tamrof  ni  c. ehT  rporppa i eta  elpmas  ad ta enil  :si   

584  267.894  e548.6 -12  

ftnirP  oitcnuf n:  

ehT  lareneg  rof m ta  fo  na  tuptuo  cnuf t noi  si   

tamrof(ftnirP - ,gnirts  …2rav,1rav .. )nrav ;  
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erehW  tamrof - gnirts  sevig  noitamrofni  no  woh  am ny v selbaira  ot  xe ,tcep  tahw  t epy  of  

stnemugra  yeht  era  , woh  ynam  snmuloc  era  ot  eb  devreser  rof  iyalpsid ng meht  dna  yna   

retcarahc  irts ng ot  be rp i detn . hT e )(ftnirp  itcnuf on may semitemos  lpsid ay no ly a m gasse e na d  

ton  yna  elbairav  eulav . I  n eht  gniwollof  ex elpma :  

srewsnA“(ftnirp  era  nevig  ;)”woleb   

ehT  tamrof - gnirts  si  :  

srewsnA  era  nevig  woleb   

dnA  ereht  era  on  v baira l .se  sihT  tnemetats  yalpsid s eht  fo tamr - irts ng no  t eh  oediv  yalpsid  na  d  

ereht  era  on  .selbairav  A retf  lpsid a iy ng, eht  sruc or no  eht  neercs  lliw  er m nia  ta  eht  dne  fo  the  

nirts g. fI  ew  tnaw  ti  ot  evom  ot  eht  en xt enil  ot  yalpsid  noitamrofni  no  eht  en xt li ,en  ew  uohs l  d  

evah  eht  tamrof - irts n :g  

srewsnA“(ftnirp  era  nevig  woleb \n )”  ;  

In siht  gnirts  ht e s obmy l \n sdnammoc  taht  eht  rosruc  dluohs  avda n ec  to eht  begi inn ng fo  ht e  

en xt l eni .  

nI  eht  gniwollof  ex :elpma   

rewsnA“(ftnirp  =x  d%  \n  ,” x  ;)  

d%  ficeps i se  woh  the v eula  fo  x si  to eb  id splayed. tI  setacidni  eht  x si  to eb  lpsid ayed as  a  

lamiced  regetni . ehT  v ra i elba  x si  fo  t epy  tni . d%  si  dellac  eht  noisrevnoc  s noitacificep  dna  d t eh   

noisrevnoc  ch retcara  . nI  e eht x  :elpma  

=a“(ftnirp  ,d%  f%=b \ ,”n  ,a   ;)b  

eht  elbairav  a si  fo  epyt  i tn  dna  b  fo type taolf  ro  elbuod . % d eificeps s a taht  si  ot  eb  deyalpsid  as  

na  regetni  dna  f%  sp seifice  ,taht  b si  ot  eb  deyalpsid  sa  a lamiced  itcarf o .n  nI  siht  elpmaxe   d%  

dna  f%  era  noc v noisre  snoitacificeps  dna  ,d  f era  noisrevnoc  sretcarahc . Ex elpma  ot  i dn i etac   woh  

)(ftnirp  lpsid a sy  sna w sre .  

margorP*/  gnitartsulli  rp i /*)(ftn   

# >h.oidts<edulcni   

)(niam   

{  

,54 =a tni  =b  67  

 taolf x , 87.54=  9.43=y 0  

:tuptuO“(ftnirp \ ;)”n   
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0,8,,7,6,5,4,3,2,1“(ftnirp \ ;)”n   

“(ftnirp \ )”n ;  

,d%“(ftnirp  f%,,d%  f%,  \ ”n  , x,b,a , )y ;  

“(ftnirp \ ;)”n   

}  

tuptuO :  

0987654321   

09.43,87.54,76,54   
 
 

Ex elpma  rof  gnitartsulli  fnacs  dna  p ftnir  nemetats t :s   

*/  margorP  rof  gnitartsulli  esu  of acs nf dna  ftnirp  stnemetats  /*   

>h.oidts<edulcni#   

)(niam   

{  

i  ;d,c,b,a tn  

taolf   ;p,z,y,x  

d%“(fnacs  o%  x%  ,”u%  ,a&  b&  ,  c& , )d& ;  

eht“(ftnirp  tsrif  ruof  atad  deyalpsid \ )”n ;  

d%“((ftnirp  o%  x%  u%  \ ,”n  )d,c,b,a  ;  

f%“(fnacs  e%  e%  ,”f%  &x  , & ,z& ,y  )p& ;  

lpsiD“(ftnirp ay fo  eht  er st fo  eht  atad  aer d\ )”n  ;  

f%“(ftnirp  e%  e%  f% \ ,”n  ;)p,z,y,x   

dnE“(ftnirp  fo  )”yalpsid ;  

}  
 
 

tupnI :  

- 867  2630  6fba  6583  - 62 . 86  e8.2 -3 22e652.1  8.6 56  
 
 

tuptuO :  
 

ehT  tsrif  ruof  d ata  eyalpsid d  
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- 867  263  583 6fba 6  

lpsiD ya  fo  th eht fo tser e  atad  read  

- 000086.62  000008.2  e-03 22+e000652.1  668.6 0 00   

dnE  fo  yalpsid   

tamroF t de  tupni  dna  tuptuo  gnisu  f tamro  specif srei :  

ehT  noitcnuf  acs nf si  eht  tupni  golana  fo  p ,ftnir  gnidivorp  am ny fo  eht  as me noisrevnoc  f ica til ei  s  

ni  eht  etisoppo  di cer it no .  

tni  fnacs  c( h ra  f* o ,tamr  … .. )  

fnacs  sdaer  carahc t sre  morf  eht  dradnats  ,tupni  sterpretni  meht  idrocca ng ot  eht  acificeps ti no   ni  

,tamrof  na d erots s eht  stluser  orht u hg  the er mai gnin  ar ug m ne t .s  The rof m ta  ugra m tne  is  

debircsed  ;woleb  eht  rehto  ,stnemugra  hcae  fo  hcihw  tsum  eb  a ,retniop  etacidni  hw e er  ht e  

gnidnopserroc  noc v etre d tupni  ot  eb  .derots  fnacs  spots  nehw  ti  ex stsuah  ti s rof m ta  rts i ,gn   ro  

nehw  emos  tupni  sliaf  ot  hctam  eht  lortnoc  .noitacificeps  tI  snruter  sa  sti  eulav  eht  rebmun   fo  

lufsseccus ly dehctam  dna  dengissa  tupni  smeti . sihT  nac  eb  desu  ot  ediced  woh  am ny smeti   erew  

dnuof  . nO  dne  fo  elif  FOE  si  ;denruter  eton  aht t siht  si  tnereffid  morf  ,0  hcihw  m snae  taht  t  eh  

txen  tupni  retcarahc  seod  ton  hctam  eht  tsrif  iceps noitacif  ni  eht  tamrof  .gnirts  ehT  en xt llac  t  o  

fnacs  semuser  gnihcraes  yletaidemmi  retfa  eht  tsal  ahc r retca  al aer dy co .detrevn  A noc v  noisre  

noitacificeps  stcerid  eht  noisrevnoc  of eht  next upni t fiel .d  lamroN ly the tluser  is plac de  in t  eh  

elbairav  niop det  ot  yb  eht  idnopserroc ng ugra ment. fI  ssa i tnemng  noisserppus  si  detacidni  by  eht  

* ,retcarahc  revewoh , eht  tupni  dleif  si  ;deppiks  no sa is ng m tne  si  edam . An tupni  field is defi  den  

sa  a irts ng fo  on n- etihw  ecaps  ;sretcarahc  ti  ex sdnet  rehtie  ot  eht  en xt hw ti e s ecap  ahc r tca er  ro  

litnu  eht  dleif  ,htdiw  if ficeps i ,de  si  ex .detsuah  sihT  seilpmi  taht  fnacs  lliw  daer  orca ss nil e  

seiradnuob  ot  dnif  sti  in ,tup  ecnis  new l seni  ra e etihw  aps c .e  etihW(  ecaps  ch ra act sre  are bl  ,kna  

,bat  wen  ,enil  egairrac  ,nruter  lacitrev  bat  dna  mrof  )deef .  

ehT  lareneg  s xatny  si   

tni  ftnirp  rahc(  ,tamrof*  …………2gra,1gra .. )  

ftnirp  ,strevnoc  stamrof , dna  stnirp  sti  nemugra ts no  eht  dradnats  tuptuo  rednu  lortnoc  fo   eht  

mrof at. tI  snruter  eht  n rebmu  fo  ch sretcara  pri .detn  ehT  fo amr t gnirts  sniatnoc  owt  typ se  of  

:stcejbo  yranidro  ch cara t ,sre  hcihw  era  deipoc  ot  eht  tuptuo  ,maerts  dna  noisrevnoc  snoitacificeps   

hcae  fo  hcihw  uac s se  co noisrevn  dna  gnitnirp  fo  eht  en xt evisseccus  tnemugra  ot  nirp t .f  aE hc   
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noisrevnoc  noitacificeps  snigeb  htiw  a % dna  ne ds htiw  a noisrevnoc  char retca . neewteB  eht   %  

dna  eht  noisrevnoc  retcarahc  ereht  may eb  ni  ro d :re   

• A sunim  ,ngis  hcihw  seificeps  tfel  tnemtsujda  fo  t eh  noc rev t de  ar ug m ne t.  

• A rebmun  taht  seificeps  eht  m ini mum dleif  .htdiw  ehT  detrevnoc  tnemugra  will  eb  

detnirp  ni  a fi dle  ta  sael t th si  wi .ed  fI  n assece ry it lliw  eb  deddap  on eht  l tfe  ro  hgir t, to  

ekam  pu  eht  field wi htd .  

• A ,doirep  hcihw  es par seta  eht  f ei ld wi htd  orf m ht e noisicerp .  

• A ,rebmun  eht  oisicerp n, taht  seificeps  eht  am x mumi  rebmun  fo  sretcarahc  ot   detnirp  

morf  a irts n ,g  ro  the un m reb  fo  di stig  fa t re  eht  d lamice  tniop  fo  a taolf ing p tnio  av l ,eu  ro   

eht  muminim  rebmun  fo  tigid s rof  na  tni e reg .  

• nA  h fi  eht  regetni  si  ot  b hs a sa detnirp e o ,tr  ro  l if sa  a ol ng.  
 
 

ehT  rahctup  fun oitc n:  

elgniS  carahc t sre  nac  eb  deyalpsid  isu ng eht  C arbil ry uf n noitc  rahctup . T sih  noitcnuf   si  

atnemelpmoc ry ot  eht  retcarahc  tupni  noitcnuf  .rahcteg  The ctup h ra  tcnuf i ,no  ekil  cteg h ,ra  is  a  

trap  fo  eht  dradnats  C O/I  arbil ry. tI  stimsnart  a elgnis  ch retcara  ot  a nats d dra  tuptuo  ecived . hT e  

retcarahc  gnieb  t dettimsnar  lliw  lamron ly be per r detnese  as a ahc r retca  t epy  va elbair . It tsum  be  

ex desserp  sa  na  emugra nt ot  eht  ,noitcnuf  desolcne  ni  ,sesehtnerap  lof l wo i gn  t eh  wo dr  up t hc ar  .  

ehT  lareneg  s xatny  si   

retcarahc(rahctup  va )elbair   

erehw  retcarahc  rav i elba  srefer  ot  emos  suoiverp ly deralced  retcarahc  bairav le.  

A C margorp  sniatnoc  the gniwollof  ats t stneme   

rahC  c;  

………  

;)c(rahctup   

C :smargorp   

1) margorP  ot  d artsnome te ftnirp  tnemetats   

dts<edulcni# i h.o >  

(niam )  

{  

,olleh“(ftnirp  lrow d\ )”y  ;  
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,olleh“(ftnirp  lrow d\7 ;)”   

olleh“(ftnirp , dlrow \ ;)”?   

 }  
 
 

2) orP gram ot  trevnoc  tiehneraf  ot  isleC us  

<edulcni# ts  >h.oid  

(niam )  

{  

taolf  ,rhaf  suisleC ;  
 
 

“(ftnirp  retne  eht  eulav  rof  iehneraf t\ ;)”n   

“(fnacs  ,”f%  )rhaf& ;  

rhaf*)0.9/0.5(=suisleC - ;0.23   

f%“(ftnirp  f%  \ ,”n  ;)suisleC,rhaf   

}  

3) P or gram ot  d tcipe  evitcaretni  co gnitupm  gnisu  nacs f tcnuf ion  .  

dts<edulcni# i h.o >  

(niam )  

 {  

rebmun tni ;  

retne“(ftnirp  na  regetni  rebmun \n )” ;  

,”d%“(fnacs  ;)rebmun&   

fI  )001<rebmun(   

{  

ruoY“(ftnirp  rebmun  si  rellams  naht  01 0\n\n ;)”   

esle   

ruoY“(ftnirp  mun reb  sniatnoc  erom  naht  owt  tigid s\n )” ;  

 }  

 tuptuO  

retnE  na  regetni  rebmun  45   

ruoY  rebmun  si  rellams  t nah   001  
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retnE  na  regetni  rebmun  801   

ruoY  rebmun  noc t snia  erom  naht  di ig st   
 
 

4) orP gram ot  d tcipe  evitcaretni  tnemtsevni  margorp   

dts<edulcni# i h.o >  

(niam )  

 {  

tni  doirep,raey ;  

taolf  lav,etarni,tnuoma ue;  

tupnI“(ftnirp  tnuoma  , tseretni  ar te dna  doirep  \n\n ;)”   

f%“(fnacs  f%  ,”d%  ,tnuoma&  )doirep&,etarni& ;  

“(ftnirp \ ;)”n   

aey  ;1=r  

)doirep=<raey(elihw   

 {  

eulav  tnuoma  + arni t ;tnuoma*e   

d2%“(ftnirp  sR . f2.8% \ ,”n  ,raey  ;)eulav   

;eulav=tnuoma   

;1+raey=raey   

 }  

 }  
 
 

5) rgorP am ot  etaluclac  the areva ge fo  a tes  fo  N rebmun s  

enifed#  1 N 0  

(niam )  

 {  

ni  t  ;tnuoc  

taolf  ,mus  reva a n,eg u ;rebm   

 ;0=mus  

tnuoc =  ;0  

N<tnuoc(elihw )  
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 {  

,”f%“(fnacs  ;)rebmun&   

rebmun+mus=mus ;  

;1+tnuoc=tnuoc   

 }  

=egareva  ;N/mus   

“(ftnirp N d%=  =muS  %f ,”  ,N  us m ;)   

,”f%=egarevA“(ftnirp  a ;)egarev   

 }  

 
 

6) rgorP am ot  trevnoc  syad  ot  htnom  s a d dn  sya  

s<edulcni# t h.oid >  

(niam )  

 {  

tni  syad,shtnom ;  

retne“(ftnirp  syad  \ ;)”n   

,”d%“(fnacs  ;)syad&   

;03/syad=shtnom   

;03%syad=syad   

shtnoM“(ftnirp  = d%  yaD s= ,”d%  d,shtnom a ;)sy   

 }  

sepyT  o  f srotarepo  a  dn xe p sser ion ,s   

citemhtirA  :srotarepo   

C sedivorp  lla  eht  cisab  citemhtira  srotarepo . ehT  srotarepo  ,+ - *,  dna  / lla  krow  eht  emas  way  sa  

ht ey od  ni  to h re  lan ug a eg s. ehT se nac  op are te on any tliub - ni  d ata  type all dewo  ni  C. The unary  

sunim  ,rotarepo  ni  ,tceffe  seilpitlum  sti  elgnis  dnarepo  by -1. ,eroferehT  a rebmun  dedecerp  by a  

sunim  ngis  segnahc  sti  si ng  .  

repO a ot r M nae i gn   

+ noitiddA  ro  anu ry  sulp  

- noitcartbuS  ro  anu ry sunim   
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* noitacilpitluM   

/ Di  noisiv  

% oludoM  vid i nois   

regetnI  noisivid  setacnurt  yna  lanoitcarf  trap . ehT  oludom  noisivid  secudorp  eht  redniamer  fo  an  

regetni  vid isi no .  
 
 

selpmaxE  :era   

a - b a + b  

a * b a / b  

a % b -a * b  

ereH  a dna  b ra e bairav l se  dna  era  nwonk  sa  op dnare s. ehT  oludom  nosivid  rotarepo  % tonnac  b  e  

desu  no  gnitaolf  tniop  ad ta.  

citemhtirA  :snoisserpxe   

nA  citemhtira  noisserpxe  si  a noitanibmoc  fo  ,selbairav  stnatsnoc  dna  srotarepo  arra n deg  sa  ep  r  

eht  xatnys  fo  eht  egaugnal . erpxE snoiss  era  ev detaula  gnisu  na  ssa i nemng t tnemetats  fo  eht  rof  m  

;noisserpxe=elbairaV   

ehT  elbat  woleb  swohs  the al ciarbeg  ex noisserp  and C egaugnal  ex noisserp   

ciarbeglA  oisserpxe n oisserpxe C n  

a x b-c b*a -c  

)n + m(  (x + )y  m(  + )n  x(*  + )y   

c/)b a(  /b*a c  

+x2+2x3 1 1+x*2+x*x*3   

y/x  c+  x/y + c  

elbairaV  si  any dilav  C elbairav  an m .e  nehW  eht  tnemetats  si  nuocne t ,dere  eht  ex noisserp   si  

detaulave  tsrif  dna  eht  tluser  neht  secalper  eht  suoicerp  eulav  fo  eht  rav i elba  no  t eh  tfel -  dnah  

edis . llA  selbairav  desu  in eht  ex noisserp  tsum  eb  dengissa  v seula  erofeb  taulave i no  si  ta tempt de .  

b*a=x -  ;c  

a*c/b=y ;  

a=z - ;d+c/b   
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ehT  knalb  ecaps  dnuora  na  rotarepo  si  lanoitpo  and sdda  no ly ot  i evorpm  ilibadaer ty. nehW  t  eseh  

stnemetats  era  desu  ni  a ,margorp  eht  v baira l se  a ,b c,  na d d tsum  eb  d nife ed ofeb re they ra e esu d  

ni  eht  ex snoisserp .  
 
 

sedoM  fo  erpxe s ois n:  

erehT  era  eerht  tnereffid  sedom  fo  ex erp s nois .  

1. regetnI  A citemhtir   

2.  laeR htirA me cit   

3. iM x de - edom  citemhtirA   
 

regetnI  A tir h tem i  c  

nehW  htob  eht  dnarepo s ni  a elgnis  citemhtira  ex noisserp  hcus  sa  b+a  are int ,srege  t  eh  

ex noisserp  si  dellac  na  regetni  ex ,noisserp  dna  t eh  noitarepo  si  ac l del  in reget  a htir me it .c  hT si   

edom  fo  exp noisser  syawla  sdleiy  na  regetni  .eulav  ehT  al r tseg  regetni  eulav  sdneped  no  t  eh  

,enihcam  sa  detniop  tuo  eilrae  r  

:elpmaxE   

fI  a dna  b era  41=a rof neht sregetni  dna   4=b  

eW  evah  eht  iwollof n user g stl  :  

a - 1=b  0  

a + b = 18  

a b *  = 56  

a / b = 3  

a % b = 2  

gniruD  regetni  ,noisivid  fi  htob  eht  sdnarepo  era  of eht  emas  ,ngis  eht  r tluse  is t acnur t de  drawot s  

orez . fI  one fo  meht  si  ,evitagen  eht  noitcerid  of noitacnurt  si  implemen noitat  .tnedneped  That  

,si  0=7/6  na d - /6 -7=0  

tub  - 7/6  may eb  orez  -1 nihcaM( e ed p nedne  )t  

,ylralimiS  gnirud  oludom  noisivid  , eht  ngis  fo  eht  tluser  si  syawla  t eh  ngis  fo  eht   tsrif  

eht(dnarepo  )dnedivid . T tah   si  

- 41  % 3 =-  2  

- 41   % - =3  -2  

41  % - =3 2  
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laeR  citemhtirA   

 
nA  citemhtira  epo r noita  gnivlovni  no ly laer  op sdnare  si  dellac  laer  .citemhtira  A aer l  

dnarepo  yam  emussa  seulav  rehtie  ni  lamiced  ro  ex laitnenop  .noitaton  ecniS  gnitaolf  op i  tn  

seulav  era  nuor d de  ot  eht  rebmun  fo  tnacifingis  stigid  mrep ,elbissi  eht  lanif  eulav  si   na  

orppa x noitami  fo  eht  tcerroc  tluser . fI  x,  dna ,y z era   neht ,staolf w w e li l ha  :ev  

341758.0=0.7/0.6=x   

=y  0.3/0.1  33333.0=  3  

=z  - =0.3/0.2  - 66666.0 7  

ehT  epo r rota  % tonnac  be desu  htiw  real dnarepo s.  

dexiM - edom  citemhtirA   

nehW  eno  fo  eht  sdnarepo  si  laer  dna  eht  rehto  si  ,regetni  eht  ex noisserp  si  lac l de  a mix de -m  edo  

citemhtira  ex serp is .no  If rehtie  op nare d si  fo  t eh  laer  t ,epy  th ne  no ly eht  r lae  noitarepo  is  

demrofrep  dna  eht  tluser  si  syawla  a laer  rebmun  .  

suhT   

01/51 5.1=0.   

 erehw a  s  

1=01/51   

citemhtirA  srotarepo  :ecnedecerp -  

nI  a pro arg m eht  v eula  fo  any ex noisserp  si  c detalucla  by ex gnituce  eno  itemhtira c  

noitarepo  ta  a emit . ehT  redro  ni  hcihw  eht  citemhtira  snoitarepo  era  ex ce u det  ni  na  ex noisserp  si   

desab  no  t eh  selur  of edecerp n o fo ec p are t ro s.  

ehT  edecerp n ec  fo  oper srota  si  :  

anU r ( y -) F  TSRI  

tacilpitluM i *(no ) DNOCES   

)/(noisiviD  dna  )%(   

)+(noitiddA  dna  cartbuS t (noi -) TSAL   

roF  ex ,elpma  ni  eht  regetni  ex noisserp  –a d+c/b*  eht  anu ry- si  od ne ,tsrif  eht  user tl  –a is  

deilpitlum  by ,b  eht  p or d tcu  si  dedivid  by c ni( et reg  )noisivid  na d d is da d de  to ti . ehT  rewsna  si   

suht :  

-  d+c/ba  
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llA  eht  ex snoisserp  era  detaulave  f or m l tfe  ot  gir ht. llA  eht  anu ry itagen o sn  era  enod  tsrif . tfA er  

gnitelpmoc  siht  eht  ex noisserp  si  dennacs  morf  tfel  ot  ;thgir  won  lla  ,*  / dna  % snoitarepo  ra e  

ex detuce  ni  eht  ro d re  of rieht  araeppa n .ec  aniF lly lla  eht  snoitidda  dna  snoitcartbus  era  od ne  

gnitrats  f or m eht  tfel  fo  t eh  ex sserp i no ..   

roF  ex ,elpma  ni  eht  ex erp s :nois  

a=Z  + *b  c  

laitinI ly c*b  si  etaulave d dna  neht  eht  tnatluser  si  dedda  htiw  a. esoppuS  fi  tnaw  ot  dda  a htiw   b  

,tsrif  neht  ti  dluohs  eb  desolcne  iw th tnerap h sise  , si  nwohs  eb l  wo  

Z = a(  + )b  * c  

esU  fo  tnerap h ese :s   
 

esehtneraP s era  esu d fi  eht  ro d re  fo  op oitare ns og v enre d by the rp e edec n ec  ur l se  ra e  ot  

neddirrevo . nI  the ex noisserp  htiw  a elgnis  riap  fo  tnerap h sese  eht  ex noisserp  edisni   eht  

sesehtnerap  si  detaulave  .TSRIF  nihtiW  eht  tnerap seseh  eht  lave u noita  si  denrevog  by ht e  

ecnedecerp  selur .  

roF  ,elpmaxe  ni  eht  ex :noisserp   

a +m/k * d+c(/b * k +) a  

eht  ex noisserp  nihtiw  eht  ehtnerap s se  si  detaulave  tsrif  givin :g   

k+m/kd+c   

retfA  siht  eht  ex noisserp  si  detaulave  morf  tfel  ot  thgir  gnisu  niaga  eht  ur l se  fo  edecerp n ec  gi iv ng  

k+m/kd+c/ba  +a  

If na  noisserpxe  sah  ynam  p sria  fo  tnerap h ese s neht  eht  ex noisserp  ni  eht  tsomrenni  riap   si  

detaulave  ,tsrif  eht  en xt renni m so t dna  os  no  llit  lla  sesehtnerap  era  .devomer  retfA  siht  t  eh  

rotarepo  cerp ecnede  selur  era  desu  ni  gnitaulave  eht  tser  fo  eht  ex noisserp .  

x((  * z+y/)x+)j+p*n(/z+)y   

x j+pn,y  lliw  eb  detaulave  tsrif .  

 eht nI nex  nacs t  

j+pn/z+yX   x+  
 

lliW  eb  .detaulave  nI  eht  lanif  nacs  eht  ex noisserp  detaulave  dluow  b :e   
 

(X +y  +j+pn/z x y/)  +z  
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tnemercnI  dna  tnemerceD  rotarepo s:-  
ehT  ercni m tne  rotarepo  ++  dna  d ce r tneme  op rotare  – era  unary srotarepo  htiw  eht  mas e  

ecnedecerp  sa  eht  anu ry -, dna  yeht  lla  etaicossa  orf m thgir  ot  tfel . htoB  ++  dna  – nac  eb   deilppa  

ot  selbairav , tub  on  to stnatsnoc  ro  ex .snoisserp  hT ey ac n cco ur in rehtie  iferp x ro  iftsop x  

,noitisop  htiw  ylbissop  tnereffid  stceffe  gnirrucco . esehT  era  yllausu  desu  htiw  regetni  atad  t epy  .  

ehT  lareneg  sy xatn   :si  

|elbairav++ -- |elbairav  v |++elbaira  bairav le—  

emoS  ex selpma  ra  e  

tnuoc++  - kk  +xedni + eno_tinu --   

eW  esu  eht  tnemercni  and erced m tne  stnemetats  ni  rof  dna  elihw  ex evisnet ly  .  

redisnoC  eht  gniwollof  ex elpma   

;5=m   

y  ;m++=  

nI  siht  lav eht ,esac u fo e  y m dna  dluow  be 6. ,esoppuS  fi  ew  etirwer  eht  ab evo  stnemetats  as  

;5=m   

 ;++m=y  

neht  eht  eulav  fo  y uow ld eb  5 na d m uow ld .6  A iferp x tarepo or tsrif  sdda  ot  1 ot  eht  epo r na d  

dna  neht  eht  tluser  si  sa s dengi  ot  the vari ba le no  .tfel  nO  eht  to h re  dnah , a iftsop x rotarepo  srif t  

sngissa  eht  eulav  to eht  elbairav  on tfel  dna  ht en i stnemercn  ht e epo ran .d  ralimiS  si  eht  ac s  ,e  

nehw  ew  esu  + ro(+ -- ) in eht  detpircsbus  bairav l .se  tahT  ,si  eht  ats tem ne t ;01=]++i[a   si  

tnelaviuqe   ot  

01=]i[a ;  

1+i=i ;  

ehT  ercni m ne t dna  tnemerced  srotarepo  nac  eb  us de  ni  pmoc le  x statem stne .  elpmaxE  

++n=m  -  ;01+j  

dlO  eulav  fo  n si  desu  ni  itaulave ng eht  ex serp is no . n si  detnemercni  retfa  eht  noitaulave .  

lanoitaleR  :srotarepo  

eW  netfo  erapmoc  wt o seititnauq  dna  gnidneped  no  rieht  er l ,noita  ot  ekat  iatrec n  

siced i sno . For ex ,elpma  ew  may erapmoc  the ega  fo  wt o snosrep , ro  the pri ec  of two item ,s  na d  
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os  .no  esehT  sirapmoc o sn  nac  eb  do en  htiw  the pleh  fo  er lati ano l po e ar t .sro  C stroppus   xis  

lanoitaler  srotarepo  ni  lla . esehT  srotarepo  dna  rieht  sgninaem  era  hs o nw  be wol   

lanoitaleR  rotarepO s  

otarepO r inaeM ng  

< si  l se s t nah   

> si   naht retaerg  

<= si  ssel  t nah  ro  auqe l to  

>= si  retaerg   naht o qe r u la   ot  

= = si  lauqe  ot   

!= si  on t lauqe  to  

A elpmis  lanoitaler  ex noisserp  sniatnoc  no ly eno  lanoitaler  rotarepo  na d h sa  eht  iwollof ng mrof  :  

ea - 1 lanoitaler  epo r rota  ea - .2  ea -1 dna  ea -2 era  citemhtira  ex ,snoisserp  hcihw  yam  eb  pmis l  e  

,stnatsnoc  selbairav  ro  com noitanib  fo  meht .  

neviG  woleb  era  emos  ex selpma  fo  elpmis  oitaler n la  ex serp is no s dna  t eh ir av l :seu   

<5.4 = 10 TRUE  

5.4 < 10 ESLAF   

- 53 =>  0 LAF SE  

01 < 7+5 TRUE  

b+a  ==  +c d EURT  ylno  fi  eht  mus  fo  seulav  fo  a dna  b si  lauqe  ot  eht  mus  fo  seulav  fo  c  

dna  d.  

nehW  citemhtira  ex snoisserp  era  desu  on rehtie  edis  of a taler i ano l o arep t ro , eht  ra i itemht c  

snoisserpxe  lliw  eb  detaulave  tsrif  dna  neht  eht  stluser  .derapmoc  Th ta  ,si  temhtira ic arepo tors  

evah  a hi rehg  iroirp ty revo  er l lanoita  epo r rota s. lanoitaleR  ex snoisserp  era  us de  ni  ced i  nois  

stnemetats  hcus  ,sa  fi  na  d elihw  ot  ediced  eht  esruoc  fo  noitca  fo  a nnur ing margorp .  

lacigoL  :srotarepo   

nI  noitidda  ot  eht  srotarepo lanoitaler  . C sah  eht  f gniwollo  eerht  lo lacig  op srotare  .  

&& lacigol  DNA   

|| lo O lacig R  

! lacigol  ON  T  

ehT  lacigol  srotarepo  &&  dna  ||  era  us de  nehw  we tnaw  ot  tset  erom  naht  tidnoc eno i no  dna  m ka e  

siced i sno .  
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:elpmaxE   

b>a  1 == x && 0  

nA  ex noisserp  fo  siht  ik dn  hcihw  senibmoc  wt o ro  erom  lanoitaler  ex serp is no  si  demret  sa  a  

lacigol  ex noisserp  ro  a dnuopmoc  lanoitaler  ex erp ssi no . ekiL  eht  elpmis  lanoitaler  ex snoisserp  ,  a  

lacigol  ex noisserp  osla  sdleiy  a eulav  fo  eno  ro  ,orez  idrocca ng ot  eht  urt th elbat  s woh n eb l  .wo  

ehT  lacigol  ex noisserp  nevig  evoba  si  eurt  no ly fi  b>a  si  eurt  dna  x 01==  si  t .eur  fI  rehtie  (or  

)htob  fo  meht  era  ,eslaf  t eh  ex noisserp  si  laf se.  

hturT   elbaT  

Op-1 po -2 eulaV  o e eht f x serp is  no  

Op-1 &&  po -2 po -1 ||  po 2  

noN - rez o noN - rez o 1 1 

oN n- rez o 0 0 1 

0 noN - rez o 0 1 

0 0 0 0  
 

emoS  ex selpma  fo  eht  egasu  fo  lo lacig  ex snoisserp  era :  

55>ega(fI  &&  alas ry )0001<   

fI  0<rebmun(  ||  )001>rebmun   

lanoitaleR  dna  lacigol  xe p er s ois sn :  

eW  evah  nees  taht  taolf  or regetni  qu seititna  yam  eb  detcennoc  by er oital n la  rotarepo s ot  yi dle  na   

rewsna  hw i hc  si   fo eurt fal es . roF  elpmaxe  eht  ex ,noisserp   

 06=>skraM  

dluoW  evah  na  rewsna  eurt  fi  skram  si  aerg t re  naht  ro  lauqe  ot  06  dna  laf se fi  m skra  is l sse  aht n  

60. ehT  tluser  fo  eht  nosirapmoc  6=>skram( 0) si  dellac  a lacigol  ytitnauq . C sedivorp  a ilicaf t  y  

ot  enibmoc  hcus  lacigol  seititnauq  by lo lacig  o srotarep  ot  lacigol  ex .snoisserp  esehT   lacigol  

ex snoisserp  era  lufesu  ni  gnitalsnart  etacirtni  borp l me  ats tem ne ts.  

elpmaxE   :  

A ytisrevinu  sah  eht  gniwollof  selur  rof  a tneduts  ot  yfilauq  rof  a eerged  iw th Ph scisy  sa  eht  iam n  

tcejbus  dna  scitamehtaM  sa  eht  aidisbus ry tcejbus  :  

eH  dluohs  teg  05  necrep  t ro  erom  ni  Ph scisy  dna  04  tnecrep  or m ero  ni  Ma citameht s.  
 
 
 
De tp .	 ,ESI	fo 	 TIBJS 	 	13	egaP



 
D dna C ni gnimmargorP S ata t utcur r se  31DCP51   

 
If eh  steg  ssel  naht  05  p tnecre  ni  Ph scisy  eh  hs o dlu  teg  05  tnecrep  or erom  ni  aM t eh mat .sci  He  

dluohs  teg  tsaelta  04  tnecrep  in Ph scisy .  

If eh  steg  sel s naht  40 tnecrep  ni  M scitamehta  na d 06  ep r tnec  or erom  ni  hP scisy  he is al ol dew  ot   

raeppaer  ni  na  ex noitanima  ni  scitamehtaM  ot  auq lify  .  

nI  lla  eht  rehto  sesac  eh  is  evah ot deralced f ia l de .  
 
 
A noisiceD  elbaT  rof  Ex noitanima  luseR ts  

yrtsimehC  skram  05=>  => 53  =>  06  eslE   

scisyhP  skraM  53=>  05=>  53<   

saP s x x - - 

taepeR  scisyhP  - - x - 

iaF l - - - x  

sihT*/  margorp  stnemelpmi  evoba  *selur  /  

>h.oidts<edulcni   

)(niam   

{  

dengisnu  tni  ,on_llor  ph ,skram_scisy  kram_mehc s;  

d%“(fnacs(elihw  d%  ,”d%  p&,on_llor& h ,skram_scisy  )FOE=!)skram_mehc&   

{  

5=>skram_mehc(((fI 0 )53=>skram_scisyhp(&& ) ||  ))04=>skram_mehc((   

)))05=>skram_scisyhp(&&   

d%“(ftnirP  d%  d%  saP s\ ,”n  ,on_llor  skram_mehc , ph )skram_scisy  ;  

eslE  fI  ((  kram_mehc s ))06=>  &&  ph ))53<skram_scisy   

d%“(ftnirP  d%  d%  R taepe  Ph cisy s\ ,”n  p,on_llor hys ram_mehc,skram_sci k ;)s   

lE se  

d%“(ftnirP  d%  d%  deliaF  \ ,”n  ,on_llor  ph scisy  _ ,skram  kram_mehc s ;)   

}  

dnE*/}  ihw l *e  /  

dnE*/}  m *nia /  

ecnedecerP  fo  noitaler al srotarepo  dna  gol i ac l op srotare :  

:elpmaxE   
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b>a(  )5*  x(&& < )6+y   

nI  eht  evoba  ex ,elpma  eht  ex snoisserp  nihtiw  eht  ehtnerap s se  era  detaulave  tsrif . ehT  ra i itemht c  

snoitarepo  era  rrac i de  tuo  erofeb  eht  lanoitaler  op snoitare . suhT  5*b  si  detaluclac  dna  retfa  t ah t  a  

si  derapmoc  htiw  it. ralimiS ly 6+y  si  aulave t de  rif st dna  neht   x si   htiw derapmoc  ti .  

nI  lareneg  nihtiw  :sesehtnerap   

ehT  yranu  ,snoitarepo  ,yleman  - ,++, -- !,  lacigol(  )ton  era  demrofrep  tsrif .  

citemhtirA  snoitarepo  era  demrofrep  next sa  rep  rieht  rp e edec n ec .  

retfA  taht  eht  lanoitaler  snoitarepo  ni  hcae  us b ex snoisserp  era  frep o ,demr  hcae  bus  ex erp s  nois  

lliw  eb  ro orez a  non  _ ez or . fI  ti  si  orez  le eslaf sa nekat si ti se it si  nekat  as t eur .  

esehT  lacigol  seulav  era  won  detarepo  no  by eht  lacigol  tarepo o sr .  

eN xt eht  lacigol  epo r noita  &&  si  frep o demr  en xt.  

tsaL ly eht  detaulave  noisserpxe  si  dengissa  ot  a elbairav  eman  sa  rep  eht  as tnemngis  epo r rota  .  

ehT  lanoitidnoc  srotarepo :  

nA  otarepo r dellac  ter an ry rotarepo  ap ir “? ”:  si  elbaliava  ni  C ot  snoc t tcur  tidnoc i ano l  

ex snoisserp  fo  eht  rof m  .  

1pxe  ? :2pxe  ;3pxe   

erehw  ,2pxe,1pxe  dna  3pxe  era  snoisserpxe .  

ehT  rotarepo  ?; skrow  sa  :swollof  ex 1p  si  eval au t de  fir ts . fI  ti  si  n )eurt(orezno , neht  ht e  

ex noisserp  ex 2p  si  lave u deta  na d be semoc  the va eul  fo  ht e ex .noisserp  fI  ex 1p  si  ,eslaf  ex 3p   si  

detaulave  dna  i st  eulav  semoceb  ht e av l eu  of t eh  ex erp s .nois  etoN  t tah  no ly one fo  th  e  

ex rehtie(snoisserp  ex 2p  ro  ex )3p  si  detaulave  .  

roF  ,elpmaxe  redisnoc  eht  gniwollof  stnemetats   

;3=x   

y  ;51=  

;y:x?)y>x(=z   

nI  siht  ex ,elpma  z lliw  eb  dengissa  eht  eulav  fo  .b  sihT  nac  eb  deveihca  gnisu  eht  fi .. esle   

stnemetats  sa  lof l :swo   

fI  y>x( )  

=z x;  

esle   

b=z ;  
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tiB w esi  op srotare :  

C sah  a noitcnitsid  fo  gnitroppus  laiceps  srotarepo  nwonk  sa  esiwtib  po rotare s rof  nam i noitalup   

fo  atad  ta  ib t .level  esehT  srotarepo  era  desu  rof  gnitset  eht  ,stib  ro  gnitfihs  meht  thgir  ro  tfel .  

esiwtiB  srotarepo  may ton  eb  eilppa d ot  fl ao t ro  buod le. erehw  eht  emanelif  is the man e  

gniniatnoc  eht  eriuqer d d snoitinife  ro  uf nc it sno . At siht  ,tniop  eht  erp p cor ess ro  tresni s the ritne e  

stnetnoc  fo  eht  elif n ema  otni  eht  ecruos  oc de fo  t eh  rp o .marg  nehW  eht  emanelif  is edulcni  d  

nihtiw  eht  elbuod  noitatouq  ,skram  eht  s hcrae  rof  eht  elif  si  am de tsrif  ni  the cerid tory dna  t neh  in  

eht  dradnats  seirotcerid  .  

iwtiB se rotarepO s  

rotarepO  gninaeM   

& esiwtib  NA  D  

! esiwtib   RO  

^ esiwtib  evisulcxe  RO   

<< tfihs  tfel   

>> tfihs  hgir t  

~ s’enO  tnemelpmoC   
 
 

ehT  ammoC  rotarepO   

C sah  emos  ps e laic  po e .srotar  ehT  ammoc  oper rota  si  eno  gnoma  t eh m. sihT  otarepo r ac n be  

desu  ot  knil  eht  detaler  ex snoisserp  .rehtegot  A ammoc - deknil  tsil  fo  ex sserp i no s era  aulave t  de  

tfel  ot  thgir  dna  the eulav  fo  thgir - tsom  ex oisserp  n si  eht  eulav  fo  t eh  oc mbi den  ex sserp i no .  

roF  ex ,elpma  t eh  metats ent  

=a(=eulaV ,2  6=b  ;)b+a,   

tsriF  ssa i sng  eht  v eula  2 ot  ,a  neht  ngissa s 6 ot  ,b  dna  lanif ly ngissa s 8( e.i  )6+2  to val .eu  The  

ammoc  rotarepo  sah  eht  tsewol  ecnedecerp  fo  lla  ecneh,srotarepo  eht  sesehtnerap  era  yrassecen .  

emoS  selpmaxe  era  nevig  :woleb   

nI   :spool rof  

,1=a(roF  01=b ; ;b=<a  ,++a  )++b   

nI  elihw  l poo s: 

,)(rahcteg=c(elihW  C! ’01’= )  

gnignahcxE  :seulav   
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,x=T  ,y=x   ;t=y  

ehT  ecnedecerp  fo  srotarepo  a gnom  lesmeht ves dna  ssorca  lla  eht  tes  of srotarepo  :  

hcaE  op rotare  ni  C h sa  a ecerp d ecne  cossa iat de  iw th it. sihT  edecerp n ec  si  desu  ot  d nimrete e  

woh  na  ex noisserp  gnivlovni  erom  naht  eno  rotarepo  si  .detaulave  ehT  rotarepo  ta  eht   rehgih  

level  fo  ecnedecerp  era  detaulave  tsrif .  

otarepO r noitpircseD   

+ anU ry  sulp  

- yranU   sunim  

++  I  tnemercn  

--  erceD m  tne  

! lacigoL   noitagen  

~ s’enO  tnemelpmoC   

& sserddA   

ezis  )epyt(fo  type tsac  oisrevnoc  n  

* noitacilpitluM   

/ siviD i no   

% suludoM   

+ iddA t  noi  

- noitcartbuS   

<< tfel  hs i tf   

>> thgiR  tfihs   

< ssel  t nah   

<= ro naht ssel  auqe  l t  o  

> retaerG  naht   

>= Gr ae t re  naht  ro  t lauqe o  

==  ilauqE ty  

!= tilauqenI y  

& NA esiwtiB D  

^ OX esiwtiB R  

| esiwtiB   RO  

&& lacigoL   DNA  
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|| L  RO lacigo  

?: lanoitidnoC  ex erp ssi no   

= tnemngissA  rotarepo s  

 =% =/ =*  

=+  -  = =&   

=^   =|  

=<<   =>>  

, ammoC  rotarepo   

ehT  ylevitaicossa  of srotarepo :  

ehT  tarepo o sr  fo  eht  as me ecnedecerp  era  lave u deta  rehtie  morf  tfel  ot  ri thg  ro  morf  thgir  ot  fel  t  

neped gnid  no  eht  level . sihT  si  nwonk  sa  eht  evitaicossa ly orp p re ty fo  na  op rotare  .  

ehT  elbat  woleb  swohs  eht  evitaicossa ly fo  eht  op srotare :  

rotarepO s ytivitaicossA   

)(  [  ] tfel   thgir ot  

 ! ~ – anu( ry) tfel   thgir ot  

++  --  yt(fo ezis p )e   

sserdda(& ) tfel  ot  right  

 )retniop(*  

/ *   %  

<<  >> tfel   thgir ot  

=<<  =>>  tfel   thgir ot  

==  != tfel  hgir ot t  

& tfel  hgir ot t  

^ tfel  hgir ot t  

| tfel  hgir ot t  

&&  tfel  hgir ot t  

||  tfel  hgir ot t  

:?  fel ot thgir t  

+=  =- =*  =/  =%  =^ =&  |= =<<  =>>  thgir  ot  fel t  

ammoc(,  arepo )rot  tfel  hgir ot t  
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noitaulavE  fo  snoisserpxe  gnivlovni  lla  eht  evoba  yt pe of op srotare  :  

ehT  gniwollof  noisserpxe  sedulcni  srotarepo  morf  xis  tnereffid  ecnedecerp  spuorg .  

oC redisn  selbairav  ,x  y , z sa  regetni  v selbaira  .  

0>0x(=+Z  &&  )01=<x   ? x++  : x/ ;y   

ehT  tnemetats  snigeb  yb  gnitaulave  eht  xelpmoc  noisserpxe   

(x 0>  &&  x 01=< )  

fI  siht  ex noisserp  si  ,eurt  eht  ex noisserp  ++ x si  .detaulave  rehtO  esiw , eht  b/a  si  aulave t .de   

niF la ly, eht  nemngissa t o )=+(noitarep  si  deirrac  o ,tu  isuac ng eht  eulav  of c ot  eb  desaercni  by the  

eulav  fo  eht  lanoitidnoc  ex noisserp . fI  rof  elpmaxe  ,x  ,y  dna  z evah  eht  seulav  3,2,1  evitcepser ly  ,  

neht  eht  eulav  fo  eht  lanoitidnoc  ex noisserp  lliw  eb  eb(2 esuac  the ex noisserp  a++  lliw   eb  

)detaulave , dna  eht  v eula  fo  z lliw  i esaercn  to (5 z )2+3= . nO  the rehto  han ,d  fi  ,x y dna  z evah  t  eh  

seulav  02,01,05  ser p tce i ev l ,y  neht  the eulav  of eht  lanoitidnoc  ex noisserp  lliw  eb  eb(5 c esua  ht e  

ex noisserp  x/y lliw  eb  ev )detaula  dna  the eulav  of z lliw  esaercni  ot  (52 z )5+02=  .  
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ELUDOM   II  

 
GNIPOOL DNA GNIHCNARB   

 
 

owT  yaw  snoitceles  ,fi(  if- ,esle  detsen  fi - ,esle  cas dedac  fi -el )es   
 

nA  ex noisserp  hcus  sa  x = ro0  ro++i  nirp t (f ... semoceb)  a ats t tneme  wh ne  ti  si  of l dewol  by  a  

,nolocimes  sa  i  n  

x = ;0  i ++ ;  

ftnirp ( ... );  

 

nI  ,C  eht  nolocimes  si  a tnemetats  ,rotanimret  rehtar  naht  a rotarapes  sa  it is in ugnal a seg  li  ek  

csaP al. secarB  dna{  era}  desu  ot  puorg  snoitaralced  dna  stnemetats  rehtegot  otni  a  dnuopmoc  

,tnemetats  ro  ,kcolb  os  th ta  yeht  era  s lacitcatny ly tnelaviuqe  ot  a lgnis e st ta me ne t. ehT   taht secarb  

dnuorrus  eht  ats t stneme  fo  a noitcnuf  a er  one suoivbo  examp ;el  br seca  dnuora  um lt lpi e  

stnemetats  retfa  na  ,fi  le s ,e  ,elihw  ro  for era  tona h re .  

 

ehT  fi - atsesle t tneme  si  desu  ot  ex sserp  ced isi no s. lamroF ly eht  s xatny   si  

e( fi x  )noisserp  

1tnemetats  

esle   

 2tnemetats  

 

erehw  the esle  p tra  si  po it ano l. ehT  ex noisserp  si  ;detaulave  fi  ti  si  t eur  (th ta  i ,s  if ex serp is no  ah s  

a non - orez  ,)eulav  etats m tne  1 is ex detuce . fI  ti  si  eslaf  e( x noisserp  si  )orez  dna  fi  ereht  si  na   esle  

,trap  tnemetats  2 si  ex ce u det  daetsni . ecniS  na  fi  stset  eht  ciremun  eulav  fo  na  ex erp s ,nois  iatrec n  

gnidoc  rohs t stuc  era  elbissop . ehT  tsom  suoivbo  tirw si i  gn  

fi  )noisserpxe(   

o daetsni f  
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fi  =!noisserpxe(  )0   

semitemoS  siht  si  arutan l dna  ;raelc  ta  to h re  it em s it c na  be cr tpy ic. uaceB se eht  trapesle  fo  an fi - 

siesle  ,lanoitpo  ereht  si  na  iugibma ty nehw  na  esle  fi  dettimo  orf m a sen ted euqesfi n .ec  ihT s si   

devloser  by gnitaicossa  t eh  esle  htiw  eht  tsesolc  suoiverp  esle - ssel  fi . roF  ex  ni ,elpma  

fi  n(  > 0  )  

fi  a(  > b)  

z = a;  

esle   

z = ;b   

eht  esle  seog  ot  eht  renni  ,fi  sa  ew  evah  nwohs  by i nedn ta it no . fI  taht  t'nsi  tahw  uoy  ,tnaw   secarb  

tsum  eb  desu  ot  ecrof  the reporp  ssa o aic t noi  :  

fi  n(  > )0  {  

fi  a(  > b  )  

z = a;  

}  

esle   

z = ;b   

ehT  iugibma ty si  laicepse ly inrep suoic  ni  snoitautis  ekil  siht   

fi  n(  > 0  )  

rof  i(  = ;0  i < ;n  i++  )  

fi  s( [ ]i  > )0  {  

pr ftni "( .. . ;)"   

nruter  ;i   

}  

esle  */  RW GNO  */  

rorre"(ftnirp  --  n si  evitagen \n )" ;  

ehT  noitatnedni  wohs s u lacoviuqen ly wh ta  uoy  ,tnaw  tub  eht  elipmoc r d 'nseo t teg  ht e mes as ,eg   

dna  cossa i seta  eht  esle  with eht  enni r fi . ihT s dnik  fo  bug nac  be ha dr  ot  fi ;dn  i 't s a oog d edi a to  

esu  arb c se  nehw  th ere  fi detsen era s. yB  eht  wa ,y  eciton  taht  ereht   a si s = z retfa nolocime   nia  

fi  a(  > b  )  

z = a;  
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esle   

z = ;b   

sihT  si  esuaceb  lacitammarg l ,y  a tnemetats  swollof  eht  ,fi  dna  na  ex noisserp  ats tem ne t  

ekil  z``  = '';a  si  wla a sy  detanimret  yb  nolocimes a .  

 
 

ehT   noitcurtsnoc  

e( fi x  )noisserp  

 tnemetats  

esle  fi  )noisserpxe(   

 tnemetats  

esle  fi  )noisserpxe(   

 tnemetats  

esle  fi  )noisserpxe(   

 tnemetats  

esle   

 tnemetats  

srucco  os  netfo  taht  ti  si  htrow  a feirb  apes r eta  .noissucsid  sihT  ecneuqes  fo  fi  stnemetats  si  t  eh  

tsom  lareneg  way fo  gnitirw  a itlum -way noisiced . ehT  snoisserpxe  era  detaulave  ni  ;redro  fi  a  n  

ex noisserp  si  ,eurt  eht  tnemetats  detaicossa  tiw h ti  si  ex ,detuce  dna  siht  setanimret  eht  ohw l  e  

iahc n. sA  wla a ,sy  eht  co ed  rof  ae ch tnemetats  si  rehtie  a is n elg  st tnemeta , ro  a rg o pu  fo  meht  ni   

br eca s. The tsal  esle  trap  seldnah  eht  enon``  fo  eht  ''evoba  ro  ed f tlua  esac  w ereh  enon  fo  eht  ehto r  

snoitidnoc  is sa it fs i .de  semitemoS  ereht  si  no ex ticilp  noitca  rof  ht e d luafe t; ni  aht t ac se ht e  

gniliart   

esle   

nemetats t  

nac  eb  ,dettimo  ro  ti  yam  eb  u es d rof  rre or ch gnikce  ot  hctac  na  mi`` p so si ''elb  dnoc i .noit  To  

etartsulli  a eerht -way ,noisiced  ereh  si  a anib ry hcraes  noitcnuf  taht  sediced  fi  a trap i uc al r eulav  x  

srucco  ni  eht  detros  yarra  v. ehT  el stneme  fo  v tsum  eb  ni  i aercn is gn  order. ehT  itcnuf no  nruter  s  

eht  noitisop  a(  rebmun  neewteb  0 dna  n- )1  if x srucco  in ,v  na d -1 if not. aniB ry hcraes   tsrif  

serapmoc  eht  tupni  eulav  x ot  eht  elddim  tnemele  fo  t eh  array v. fI  x si  ssel  naht  t eh  ddim le av l  ,eu  
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gnihcraes  sesucof  no  eht  rewol  flah  fo  eht  ,elbat  esiwrehto  no  eht  reppu  .flah  nI  rehtie  ,esac  ht e  

en xt pets  si  ot  erapmoc  otx  eht  elddim  tnemele  fo  eht  sel detce  h fla . sihT  ssecorp  fo  idivid ng ht e  

ar n eg  ni  owt  seunitnoc  u litn  eht  eulav  si  dnuof  ro  eht  ar n eg  si  pme ty.  
 
 
 
 
*/  :hcraesnib  dnif   x ni  ]0[v  =<  v[1] =<  ...  n[v =< -  /* ]1  

tni  tni(hcraesnib  x, i tn  [v ], ni  t  )n  

{  

,wol tni  hi ,hg  m  ;di  

wol  = 0  ;  

hgih  = n - ;1   

elihw  wol(  =<  hi  { )hg  

dim  = ;2/)hgih+wol(   

fi  (x < m[v id])  

hgih  = dim  + 1  ;  

esle  fi  (x > v im[ d])  

wol  = m di  + 1;  

esle  */  hctam dnuof  */  

m nruter i  ;d  

}  

 nruter - */ ;1  on  hctam  */  

ehT  latnemadnuf  isiced on si  rehtehw  x si  ssel  ,naht  retaerg  ,naht  ro  qe u la  ot  eht  elddim   tnemele  

dim[v ] ta  hcae  ;pets  siht  is a utan r la  rof  esle -if. Our anib ry s ae r hc  ekam s two stset  sni i ed  eht  l  ,poo  

nehw  eno  dluow  eciffus  ta(  eht  ecirp  fo  erom  stset  ).edistuo  etirW  a noisrev  htiw  no ly eno   tset  

edisni  eht  pool  dna  aem s eru  eht  ereffid n ec  ni  ur n- emit .  
 
 

wS ti hc   
 
 

ehT  hctiws  tnemetats  si  a itlum - yaw  noisiced  taht  stset  rehtehw  na  ex noisserp  sehctam  eno  fo   a  

rebmun  fo  regetnitnatsnoc  ,seulav  dna  sehcnarb  gnidrocca ly.  
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hctiws  )noisserpxe(  {  

esac  tsnoc -ex :rp  etats m ne ts  

esac  tsnoc -ex :rp  etats m ne ts  

:tluafed  etats m tne s  

}  

hcaE  esac  si  l deleba  by eno  ro  erom  getni er- lav u de  stnatsnoc  ro  tnatsnoc  ex erp s .snois  fI  a  esac  

sehctam  eht  ex noisserp  ,eulav  ex noituce  trats s ta  taht  esac . llA  esac  ex erp ssi sno  tsum   eb  

fid ref e tn . The ac se delebal  tluafed  si  ex detuce  fi  enon  fo  eht  rehto  sesac  are as t deifsi . A tluafed  i  s  

;lanoitpo  fi  ti  t'nsi  ereht  dna  fi  enon  fo  ht e ac s se  mat ,hc  on  a tc i no  at la l kat se  ecalp . esaC s dna  ht e  

tluafed  esualc  nac  rucco  ni  yna  redro . ew  etorw  a margorp  ot  tnuoc  eht  secnerrucco  fo  hcae  di ,tig   

etihw  ,ecaps  dna  lla  rehto  ,sretcarahc  isu ng a es q ecneu  fo  fi  ...  esle  fi  ...  sle e. eH re si  eht  s ma e  

 a htiw margorp sw ti hc :  

edulcni#  < ts h.oid >  

)(niam  */  tnuoc  ,stigid  w ih te ,ecaps  hto e sr   /*  

{  

tni  ,c  ,i  ,etihwn  gidn ,rehton it[ 01 ]  ;  

etihwn  0 = rehton = ;  

rof  i(  = ;0  i < ;01  i++  )  

tigidn ]i[  = ;0   

elihw  c((  = =! ))(rahcteg   { )FOE  

hctiws   { )c(  

esac  :'0'  esac  esac :'1'  :'2'  esac  esac :'3'  '4' :  

esac  :'5'  esac  :'6'  esac  :'7'  esac  :'8'  esac  dn :'9' i c[tig - +]'0' kaerb ;+ ;  

esac  ' :'   

esac  '\ :'n   

esac  '\ :'t  ;kaerb;++etihwn   

:tluafed  ;kaerb;++rehton   

}  

}  

stigid"(ftnirp  ;)"=   

rof  i(  = ;0  i < ;01  i++  )  
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"(ftnirp  ,"d%  ;)]i[tigidn   

(ftnirp ,"  etihw  ecaps  = % ,d  rehto  = %d\n",  

,etihwn  )rehton  ;  

nruter  0  ;  

}  

ehT  kaerb  tnemetats  sesuac  na  etaidemmi  exit morf  eht  swi .hct  esuaceB  sesac  res ve tsuj   sa  

,slebal  retfa  eht  doc e rof  eno  esac  si  ,enod  ex ce u noit  sllaf  orht u hg  ot  the en xt nu l sse  uoy  take  

ex ticilp  noitca  ot  epacse . kaerB  dna  nruter  are eht  tsom  nommoc  syaw  ot  evael  a hctiws . A br ae k  

tnemetats  nac  osla  eb  u des  ot  ecrof  na  etaidemmi  ex ti  morf  ,elihw  ,rof  dna  od  ,spool  aF l  gnil  

hguorht  ac s se  si  a im x de  gnisselb . nO  eht  evitisop  ,edis  ti  lla swo  lareves  ac s se  ot  eb  a tt dehca  to  a  

elgnis  ,noitca  sa  htiw  eht  stigid  ni  this ex elpma . tuB  ti  osla  seilpmi  taht  normally cae h c esa  sum t  

dne  htiw  a kaerb  ot  prev tne  illaf ng orht u hg  to the en xt. gnillaF  orht u hg  rf om eno  esac  to ona t  reh  

si  ton  ,tsubor  eb gni  enorp  ot  noitargetnisid  nehw  eht  margorp  si  deifidom . htiW  eht  noitpecxe   fo  

elpitlum  slebal  rof  a elgnis  ,noitatupmoc  llaf  shguorht  dluohs  eb  desu  raps i gn l ,y  dna  detnemmoc .  

sA  a rettam  of doog  fo ,mr  tup  a aerb k retfa  eht  tsal  esac  eht(  tluafed  h ere ) neve  oht u hg  it's  

lacigol ly yrassecennu . emoS  day nehw  rehtona  esac  steg  da d de  ta  eht  en ,d  siht  ib t fo  nefed is  ev  

gnimmargorp  lliw  evas  uoy .  
 

yranret  ?rotarepo   
 

oG  ,ot  spooL  ,roF(  do- )elihw ,elihw  ni   ,C  

eW  evah  aerla dy deretnuocne  eht  elihw  dna  rof  pool s. nI   

elihw  e( x )noisserp   

 tnemetats  

eht  ex noisserp  si  detaulave . fI  ti  si  non - ,orez  tnemetats  si  ex detuce  dna  ex noisserp  si  aulaveer t de .  

sihT  elcyc  seunitnoc  litnu  ex noisserp  semoceb  ,orez  ta  hcihw  tniop  noitucexe  semuser  etfa r  

nemetats t.  

ehT  rof  tats  tneme  

rof  e( x ;1rp  ex e ;2rp x  )3rp  

tnemetats  si  tnelaviuqe  ot   

;1rpxe   
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elihw  e( x  )2rp {  

 tnemetats  

;3rpxe   

}  

ex tpec  rof  eht  eb h ruoiva  fo  ,eunitnoc  hcihw  si  ed s debirc  ni  S tce ion 7.3 .  

lacitammarG l ,y  eht  eerht  stnenopmoc  fo  a poolrof  era  ex .snoisserp  tsoM  nommoc l ,y  ex na1rp d  

ex 3rp  era  ssa i stnemng  or noitcnuf  sllac  dna  ex 2rp  si  a taler i ano l ex serp si .no  ynA  fo  the erht e  

strap  nac  eb  ,dettimo  la t hguoh  eht  snolocimes  m tsu  er mai .n  fI  ro1rpxe  ex 3rp  si  ,dettimo  ti   si  

pmis ly eppord d morf  the ex noisnap . fI  eht  ,tset  ex ,2rp  si  ton  ,tneserp  ti  is nekat  sa  perm tnena l  y  

,eurt  os   

rof  );;(   {  

...   

}  

si  na  ''etinifni``  ,pool  bamuserp ly ot  eb  orb k ne  by rehto  ,snaem  hcus  sa  a kaerb  ro  uter rn.  

rehtehW  ot  esu  elihw  ro  rof  si  egral ly a rettam  fo  lanosrep  ecnereferp . Fo e r x ,elpma  i  n  
 
 

c(( elihw  = == ))(rahcteg  ' ' c ||  ==  '\ 'n  ||  = c  '\t  )'  

; */  piks  etihw  ecaps  ahc r sretca  */  

ereht  is on  noitazilaitini  ro  re- ini it al zi at ,noi  so t eh  ihw el  is m so t n uta ral. ehT  for si  p er f bare l  e  

nehw  ereht  si  a elpmis  i noitazilaitin  dna  tnemercni  ecnis  ti  peek s eht  lo po  noc t lor  etats m ne ts  

esolc  rehtegot  dna  elbisiv  ta  eht  pot  fo  t eh  l poo . Th si  si  mo ts  suoivbo  in  

rof  < i ;0 = i(  ;n  +i )+   

...   

hcihw  si  eht  C moidi  of r issecorp ng eht  tsrif  n stnemele  fo  na  rra a ,y  eht  an gola  fo  the nartroF  DO  

pool  ro  eht  lacsaP  .rof  ehT  ygolana  si  ton  cefrep t, ,revewoh  ecnis  eht  edni x elbairav  i sniater  sti   

eulav  nehw  eht  pool  setanimret  rof  any r .nosae  esuaceB  eht  stnenopmoc  fo  eht  f eraro  artibra r  y  

ex ,snoisserp  rof  spool  era  ton  detcirtser  ot  citemhtira  rp o sserg i no s. oN n ,sselehte  ti  si  dab  st ely  to  

ecrof  detalernu  snoitatupmoc  otni  eht  noitazilaitini  dna  tnemercni  fo  a ,rof  hcihw  era  tteb e  r  

reser v de  rof  pool  lortnoc  noitarepo s  .  

i# edulcn  c< t >h.epy   

*/  :iota  trevnoc  s ot  ;regetni  noisrev  2 */  
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tni  rahc(iota  [s ]  )  

{  

tni  ,i  ,n  ;ngis   

rof  i(  = ;0  i[s(ecapssi ] ;)  )++i  */  piks  etihw  aps ce *  /  

;  

ngis  = = ]i[s( = '-  )' ? -  1  :  ;1  

fi  s( [ ]i  ==  '+'  ||  ]i[s  ==  '- )'  /* ks ip si ng  */  

;++i   

rof  n(  dsi ;0 = i ;)]i[s(tig  i ++ )  

n = 01  * n + i[s( ] - '0 )' ;  

nruter  is ng  * ;n   

}  

ehT  dradnats  arbil ry pro sediv  a erom  obale r eta  f noitcnu  roflotrts  revnoc s noi  fo  sgnirts  ot   gnol  

etni eg rs. ehT  segatnavda  fo  gnipeek  pool  lortnoc  dezilartnec  era  ev ne  erom  suoivbo  nehw  ereht   

era  s lareve  sen t de  spool . ehT  gniwollof  noitcnuf  si  a llehS  tros  rof  so gnitr  na  rra ay fo  sregetni .  

ehT  cisab  aedi  fo  siht  gnitros  al ,mhtirog  hcihw  saw  detnevni  ni  1 959  by .D  .L  ,llehS  si  t ah t  ni  

rae ly ,segats  raf -ap tra  el stneme  era  ,derapmoc  r rehta  naht  tnecajda  seno  sa  ni  relpmis  ni t ahcre nge  

stros . sihT  sdnet  to etanimile  egral  stnuoma  fo  redrosid  uq i kc ly, os  l reta  st sega  h eva  l se s row k to  

do. ehT  lavretni  eewteb n derapmoc  ele m stne  si  laudarg ly d aerce s de  ot  ,eno  ta  hcihw  tniop   eht  

tros  evitceffe ly semoceb  na  tnecajda  egnahcretni  dohtem .  

*/  :trosllehs  s tro  v[0] ... n[v - ]1  otni  gnisaercni  redro  /*   

diov  rosllehs t ni( t [v ], i tn  )n   

{  

tni  ,pag  ,i  j, ;pmet   

rof  ( pag  = ;2/n  pag  > ;0  pag  /= 2)  

rof  i(  = ;pag  i < ;n  i ++ )  

rof  i=j( - ;pag  0=>j  &&  ;]pag+j[v>]j[v  j- ag= p) {  

pmet  = v[j];  

j[v  ] pag+j[v = ]  ;  

]pag+j[v  = pmet ;  

}  

 
De tp .	 ,ESI	fo 	 TIBJS 	 	54	egaP



 
S ataD dna C ni gnimmargorP t utcur r se  31DCP51   

 
}  

erehT  era  eerht  sen t de  .spool  ehT  tsomretuo  slortnoc  eht  pag  neewteb  derapmoc   ,stnemele  

gniknirhs  ti  morf  2/n by a rotcaf  fo  wt o hcae  ap ss litnu  it oceb m se  z .ore  ehT  elddim  pool  st pe s  

gnola  eht  stnemele . ehT  tsomrenni  pool  serapmoc  hcae  riap  fo  stnemele  taht  si  detarapes  by ag p  

dna  sesrever  any taht  ra e tuo  fo  .redro  ecniS  pag  si  lautneve ly decuder  ot  ,eno  lla  stnemele  ra e  

lautneve ly deredro  tcerroc ly. ecitoN  woh  eht  eg n ilare ty fo  eht  for sekam  t eh  retuo  pool  tif  ni  ht e  

emas  mrof  sa  eht  to h ,sre  neve  oht u hg  ti  si  ton  na  ra i temht ic noissergorp .  

enO  anif l C rotarepo  si  t eh  ammoc  `` , '' , hcihw  mo ts  netfo  fi dn s use ni  ht e f ro  ts atem ne t. A ap ri  o  f  

ex snoisserp  arapes t de  by a ammoc  si  lave u deta  tfel  ot  ri ,thg  dna  the t epy  a dn  av l eu  of eht  luser  t  

era  eht  type na d eulav  fo  eht  ri hg t po e .dnar  T suh  ni  a of r ,tnemetats  it si  bissop le ot  calp e  

elpitlum  snoisserpxe  ni  eht  suoirav  ,strap  rof  ex elpma  ot  ssecorp  owt  secidni  ni  lellarap . sihT  si   

detartsulli  ni  eht  noitcnuf  rever s ,)s(e  hw i hc  er v re s se  eht  gnirts  nis  lp a ec .  

edulcni#  irts< n .g h>  

*/  :esrever  esrever  irts ng s  /* ecalp ni  

diov  c(esrever h ra  s[]  )  

{  

tni  ,c  ,i  ;j   

rof  i(  = ,0  j = elrts n )s( - ;1  i < j; i ,++  j -- )  {  

c = i[s ];  

s[ ]i  = j[s ];  

s[ ]j  = c  ;  

}  

}  

ehT  sammoc  taht  etarapes  noitcnuf  ,stnemugra  selbairav  ni  ,snoitaralced  ,.cte  era  ton  oc mma  

,srotarepo  dna  do ton  eetnaraug  fel t ot  ri thg  taulave i .no  ammoC  srotarepo  uohs ld be esu d  

lgniraps y. ehT  tsom  ius t elba  esu s era  for co rtsn u stc  orts ngly er l deta  ot  hcae  rehto , sa  in t eh  fo  r  

pool  ni  esrever , dna  ni  sorcam  erehw  a petsitlum  oc noitatupm  sah  ot  be a si gn el  ex serp is .no   A  

ammoc  ex noisserp  hgim t osla  eb  orppa p etair  for t eh  ex ahc n eg  fo  tnemele s ni  rever s ,e  erehw  eht   

egnahcxe  nac  be oht u thg  fo  a gnis le :noitarepo   

rof  i(  = ,0  j = elrts n )s( - ;1  i < j; i ,++  j -- )  

c = s ,]i[s [ ,]j[s = ]i  j[s  ] =  ;c  
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spooL  - oD -  elihW  

ehT  elihw  dna  rof  spool  tset  eht  noitanimret  noitidnoc  ta  eht  pot . yB  ,tsartnoc  eht  driht  pool  ni   ,C  

eht  od - ,elihw  stset  ta  eht  mottob  etfa r kam ing hcae  p ssa  orht u hg  the pool  ob d ;y  ht e ob dy is  

syawla  detucexe  ta  tsael  ecno . ehT  s atny x  eht fo  

od  is  

od   

 tnemetats  

elihw  e( x ;)noisserp   

ehT  tnemetats  is ex ,detuce  neht  ex noisserp  is ave l au t de . fI  ti  si  eurt , etats m tne  si  lave u deta  a ,niag   

dna  os  .no  nehW  eht  ex noisserp  semoceb  ,eslaf  eht  pool  animret t se . Ex tpec  rof  eht  esnes  fo  ht e  

,tset  od - elihw  si  tnelaviuqe  ot  eht  lacsaP  taeper -u tn il tnemetats . ecneirepxE  swohs  taht  od - elihw   

si  hcum  ssel  desu  naht  ihw le dna  fo .r  ehtenoN l ,sse  morf  emit  ot  emit  ti  is av l bau l ,e  sa  ni  t eh   

gniwollof  noitcnuf  ,aoti  hcihw  strevnoc  a rebmun  ot  a retcarahc  irts ng t( he esrevni  fo  )iota . The  

boj  si  thgils ly mo er  co detacilpm  naht  thgim  eb  thguoht  ta  ,tsrif  esuaceb  eht  ae sy sdohtem  of  

eg n itare ng eht  di stig  eg n etare  meht  ni  the orw ng redro . eW  h eva  esohc n ot  etareneg  the ts ir n  g  

wkcab a neht ,sdr  rever se ti .  

*/  :aoti  trevnoc  ahc ot n r  sretca in  s */  

diov  tni(aoti  ,n  rahc  s[]  )  

{  

tni  ,i  ;ngis   

fi  ngis((  )n =  )0 <  cer */ o * ngis dr /  

 = n - */ ;n  ekam  n sop ti evi   /*  

i = 0;  

od  { */  etareneg  di stig  ni  rever s  /* redro e  

s[ ++i ] ' + 01 % n = 0 */ ;'   teg nex  t digit  /*  

} elihw  n((  =/  )01  > ;)0  /* ed l ete  it */  

fi  ngis(  < )0   

++i[s ] = '-';  

' = ]i[s \  ;'0  

 ;)s(esrever  
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}  

ehT  od - sielihw  ,yrassecen  ro  ta  tsael  ,tneinevnoc  ecnis  ta  tsael  eno  retcarahc  tsum  eb  dellatsni  ni   

eht  rra ay ,s  neve  fi  sin  .orez  eW  osla  desu  ecarb s dnuora  eht  gnis le tats e tnem  t ah t m eka s pu  t  eh  

ob dy of eht  od - ,elihw  ev ne  guoht h ht ey era  nu n assece r ,y  os  eht  sah ty aer d re  lliw  ton  mist eka  ht e  

elihw  trap  rof  eht  b gninnige  fo  a elihw  pool .  

 eunitnoc dna kaerB  
tI  si  semitemos  tneinevnoc  ot  eb  elba  ot  ex ti  morf  a pool  rehto  naht  by t se it gn  at t eh  ot p  

ro  ottob m. ehT  kaerb  tnemetats  sedivorp  na  ae rly ex ti  morf  ,rof  ,elihw  dna  ,od  tsuj  sa   morf  

hctiws . A kaerb  sesuac  t eh  tsomrenni  isolcne ng l poo  ro  hctiws  ot  eb  ex deti  etaidemmi ly. hT e  

gniwollof  uf n ,noitc  ,mirt  sevomer  iliart ng knalb s, sbat  dna  senilwen  rf om eht  dne  fo  a st ir n  ,g  

gnisu  a otkaerb  exit morf  a pool  nehw  eht  ri mthg o ts  non - ,knalb  non - ,bat  non wen l eni  is dnuof .  

*/  :mirt  evomer  gniliart  b ,sknal  t ,sba  senilwen  /*   

tni  [s rahc(mirt ]  )  

{  

tni  ;n   

rof  n(  = rts l )s(ne - ;1  n =>  ;0  n -- )  

' =! ]n[s( fi  s && ' [ =! ]n  '\ 't  n[s && ] =!  '\n  )'  

;kaerb   

n[s ]1+  = '\0';  

nruter  n  ;  

}  

nelrtS  snruter  eht  htgnel  fo  eht  gnirts . ehT  oolrof p strats  ta  eht  dne  dna  snacs  sdrawkcab  ikool n  g  

rof  eht  tsrif  retcarahc  aht t si  ton  a knalb  or tab ro  n lwe i en . The pool  si  b or k ne  ehw n no e is dnuof ,  

ro  nehw  n semoceb  evitagen  taht(  ,si  nehw  eht  eritne  gnirts  sah  be ne  nacs ne )d . uoY  dluohs   yfirev  

taht  siht  si  roc r tce  beh roiva  ev ne  wh ne  eht  gnirts  is pme ty or atnoc i sn  no ly hw i et  space  

retcarahc s. ehT  eunitnoc  tnemetats  si  aler t de  ot  ,kaerb  tub  ssel  netfo  us ;de  ti  sesuac  the en xt  

noitareti  fo  eht  en gnisolc  ,rof  hw i ,el  or od  l poo  ot  be nig . nI  eht  elihw  dna  ,od  siht  snaem  aht t ht e  

tset  trap  si  ex detuce  etaidemmi l ;y  ni  eht  ,rof  co lortn  sessap  ot  eht  i tnemercn  st .pe  ehT   eunitnoc  

tnemetats  seilppa  no ly to ,spool  on t ot  hctiws . A noc eunit  edisni  a hctiws  edisni  a pool  sesuac  t  eh  

en xt pool  noitareti . sA  an ex ,elpma  siht  tnemgarf  p essecor s no ly eht  non - evitagen  elem stne  ni  ht e  

yarra  ;a  evitagen  seulav  era  deppiks .  
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rof  i(  = ;0  i < ;n  i++  )  

fi  a( [ ]i  < )0  */  tagen piks i ele ev m ne  st */  

 ;eunitnoc  

...  */  od  evitisop  tnemele  s */  
 
 

ehT  eunitnoc  st tnemeta  is netfo  esu d ehw n eht  p tra  fo  the pool  t ah t of l wol s si  oc mpl aci t ,de  so  

taht  gnisrever  a t tse  dna  i gnitnedn  tona h re  level  w dluo  tsen  eht  margorp  too peed ly  .  
 
 

oG  dna ot  lab le s  

C sedivorp  eht  etinifni ly- elbasuba  otog  ats t neme t, dna  slebal  to br hcna  t .o  lamroF l ,y  eht   otog  

tnemetats  si  reven  ecen s as r ,y  dna  ni  ecitcarp  ti  si  tsomla  syawla  ae sy ot  etirw  edoc  ohtiw tu  ti  .  

,sselehtreveN  ereht  era  a wef  snoitautis  erehw  go sot  yam  dnif  a .ecalp  The tsom  moc m no  is t  o  

nodnaba  issecorp ng ni  emos  peed ly detsen  rts u ,erutc  hcus  sa  b ikaer ng uo t fo  owt  ro  m ero  pool s  

ta  ecno . ehT  kaerb  tnemetats  tonnac  eb  desu  tcerid ly ecnis  ti  no ly ex sti  orf m t eh  renni m so t l poo  .  

suhT :  

rof  ( ...  ) {  

...   

fi  retsasid( )  

rorre otog ;  

}  

...   

:rorre   

*/  naelc  eht pu  ssem  */  

sihT  noitazinagro  si  nah dy fi  eht  rre or- ildnah ng edoc  si  non - ,laivirt  dna  fi  srorre  nac  o rucc  in  

lareves  secalp . A l eba l h sa  eht  emas  fo mr  sa  a v elbaira  ,eman  dna  si  dewollof  by a .noloc  tI  ac  n  

eb  dehcatta  ot  any tnemetats  ni  eht  emas  noitcnuf  sa  eht  og t .o  ehT  epocs  fo  a lebal  si  eht   eritne  

oitcnuf n. sA  rehtona  ex ,elpma  redisnoc  eht  borp l me  fo  ed t gninimre  ehw t reh  owt  ra rays a dna   b  

evah  na  tnemele  oc ni mm no . enO   si ytilibissop  

rof  i(  = ;0  i < ;n  i++  )  

rof  j(  = ;0  j < m; j+ )+   

fi  a( [ ]i  ==  b[j])  
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otog  dnuof ;  

*/  t'ndid  dnif  any mmoc on tnemele  */  

...   

:dnuof   

*/  tog  :eno  ]i[a  ==  b[j] /*   

...   

edoC  gnivlovni  a nacotog  wla a sy  eb  nettirw  tuohtiw  ,eno  hguoht  ahrep ps ta  eht  ecirp  fo  som  e  

detaeper  stset  ro  na  artxe  elbairav . roF  ,elpmaxe  the rra ay hcraes  b semoce   

dnuof  = 0;  

n < i ;0 = i( rof  && of! un ;d  ++i )  

rof  j(  = ;0  j < m &&  of! u ;dn  j ++ )  

fi  a( [ ]i  ==  b[j])  

dnuof  = 1;  

 )dnuof( fi  

*/  tog  :eno  i[a - == ]1  b[j-1  ]  /*  

...   

esle   

*/  t'ndid  dnif  any mmoc on tnemele  */  

htiW  a wef  ex snoitpec  ekil  esoht  detic  he ,er  co ed  taht  ler i se  no  otog  st tnemeta s is g ene r la l  y  

redrah  ot  nu d dnatsre  and ot  niatniam  naht  edoc  uohtiw t og tos. hguohtlA  ew  era  ton  god mati  c  

tuoba  eht  ,rettam  ti  seod  mees  taht  otog  stnemetats  dluohs  eb  desu  erar l ,y  fi  ta  lla   
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ELUDOM  III   
 

SYARRA ,  SNOITCNUF DNA SGNIRTS  
 

ehT  gninaem  fo  na  rra ay:  

A puorg  fo  aler t de  atad  smeti  taht  erahs  a mmoc on eman  si  dellac  na  rra ay. roF  ex  ,elpma  

ew  nac  enifed  na  rra ay n ema  skram  ot  r erpe s tne  a tes  fo  skram  atbo eni  d by a puorg  fo  stneduts . A  

ralucitrap  v eula  si  detacidni  by gnitirw  a rebmun  dellac  edni x rebmun  or s pircsbu t ni  rb a ekc st   

retfa  eht  eman yarra .  

,elpmaxE   

 ]7[skraM  

stneserpeR  eht  skram  fo  eht  7th st nedu t. ehT  etelpmoc  tes  fo  seulav  si  refer r de  ot  sa  na  ra ra ,y  ht e  

laudividni  seulav  era  dellac  stnemele . ehT  rra a sy  nac  a fo eb n  y v baira l  e type.  
 
 

enO - lanoisnemid  :yarra   

 

nehW  a tsil  of smeti  nac  eb  evig n eno  v baira el  na em  gnisu  no ly one sbus cript dna  su hc  a  

elbairav  si  dellac  a elgnis - detpircsbus  irav elba  ro  eno  lanoisnemid  yarra  .  

nI  C egaugnal  elgnis, - detpircsbus  bairav le xi nac  eb  detneserper  as  

x,]2[x,]1[x [ x……………]3 [ ]n   

 

ehT  detpircsbus  v elbaira  xi srefer  ot  eht  hti  ele em nt fo  x. ehT  tpircsbus  ac n nigeb  htiw  rebmun  0.  

roF  ex ,elpma  fi  ew  aw nt ot  er erp s tne  a tes  of fi ev  ,srebmun  say 02,75( , ,)32,71,65  by a rra a  y  

elbairav  ,mun  neht  we yam  d eralce  mun  sa  ollof ws  

 ;]5[mun tnI  

dnA  eht  retupmoc  sevreser  evif  egarots  snoitacol  sa  nwohs  woleb :  
 
 

]0[muN   

]1[muN   
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]2[muN   

]3[muN   

]4[muN   

 
 

ehT  seulav  nac  eb  gissa n de  sa  lof l :swo  

;75=]0[muN   

;02=]1[muN   

;65=]2[muN   

;71=]3[muN   

;32=]4[muN   

ehT  elbat  woleb  swohs  the seulav  taht  era  derots  i  n ht e ralucitrap  mun b sre .  

0[muN  ]  

]1[muN   

]2[muN   

]3[muN   

]4[muN   
 
 

owT  lanoisnemid  arra y :s   

erehT  era  niatrec  snoitautis  erehw  a elbat  fo  seulav  lliw  evah  to eb  derots . C swolla  su   ot  

enifed  hcus  elbat  gnisu  owt  lanoisnemid  rra a sy .  

owT  lanoisnemid  rra a sy  era  deralced  sa  swollof :  

epyT  eman_yarra  ]ezis_nmuloc[]ezis_wor[  

nI  c egaugnal  eht  rra ay sezis  era  detarapes  by sti  o nw  tes  fo  stekcarb  .  

owT  lanoisnemid  rra a sy  era  derots  ni  omem ry as nwohs  ni  eht  elbat  b .wole  hcaE  isnemid no  o  f  

eht  rra ay si  edni x de  morf  orez  ot  sti  am x mumi  ezis  sunim  ;eno  eht  tsrif  edni x stceles  eht  wor   dna  

eht  dnoces  edni  x stceles  eht  nmuloc  nihtiw  t ah t wor .  
 
 

C ulo mn0 C nmulo 1 2nmuloC   

]0[]0[  []0[ 1] 2[]0[ ]  

R wo  0 12 0 43 0 065   
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]0[]1[  []1[ 1] 2[]1[ ]  

R wo  1 83 0 92 0 123   

]0[]2[  []2[ 1] 2[]2[ ]  

R wo 2 094  32 5 042   
 
 
R wo 3 ]0[]3[  1[]3[ ] 2[]3[ ]  

42 0 53 0 084   

noitaralceD  dna  in ti i oitazila n of :syarra   

ehT  rra a sy  era  deralced  erofeb  they ra e desu  ni  t eh  rp o .marg  ehT  lareneg  mrof  fo  arra  y  

noitaralced  i  s  

epyT  ;]ezis[eman_elbairav   

ehT  t epy  sp eifice s eht  t epy  fo  tnemele  th ta  lliw  be iatnoc n de  ni  eht  arra ,y  hcus  sa  ,taolf,tni or char  

dna  eht  ezis  setacidni  eht  am x mumi  rebmun  fo  stnemele  taht  c na  eb  ts dero  i edisn  eht  ra ray.  

:elpmaxE   

taolF  ew i  ]04[thg  

seralceD  eht  thgiew  ot  eb  na  rra ay gniniatnoc  04  laer  stnemele . Any stpircsbus  0 ot  93  era  dilav .  

 ,ylralimiS  

tnI  11[1puorg ]  ;  

serlaceD  eht  1puorg  sa  na  rra ay ot  niatnoc  a am x mumi  fo  01  regetni  c stnatsno .  

ehT  C egaugnal  staert  carahc t re  irts n sg  pmis ly sa  rra a sy  fo  tcarahc e .sr  T eh  ezis  ni  a etcarahc r  

gnirts  er p stneser  eht  am x mumi  rebmun  fo  carahc t sre  taht  eht  irts ng nac  oh ld.  

roF  ex pma le:  

et rahC xt[  ;]01  

esoppuS  ew  daer  eht  lof l gniwo  irts ng noc tnats  ni to eht  gnirts  va elbair  et xt.  

WOH“  ERA  ”UOY   

hcaE  retcarahc  fo  the rts i gn  si  etaert d sa  na  ele m tne  fo  eht  rra ay et xt dna  si  derots  ni  eht  m ome ry  

sa  swollof .  
 

H‘ ’  

O‘ ’  

’W‘   
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A‘ ’  

’R‘   

’E‘   
 
 

nehW  eht  relipmoc  sees  a carahc t re  irts n ,g  ti  t re m setani  ti  htiw  an  

lanoitidda  llun  tcarahc e .r  ,suhT  eht  tnemele  et xt[ ]11  sdloh  eht   llun  

retcarahc  ‘\ ’o  ta  eht  en .d  ehW n gniralced  retcarahc  rra a ,sy  ew   tsum  

wla a sy  wolla  eno  ex art  tnemele  ecaps  rof  eht   llun t rotanimre .  

noitazilaitinI  fo  :syarra   

ehT  lareneg  mrof  fo  tini i noitazila  fo  rra a sy  :si   

citatS  epyt  yarra - {=]ezis[eman  tsil  fo  ;}seulav   

ehT  seulav  ni  eht  tsil  era  arapes t de  by sammoc .  

roF  ex ,elpma  eht  nemetats t eb l wo  swohs   

citatS  tni  }2,2,2{=]3[mun ;  

lliW  eralced  eht  elbairav  mun  sa  na  rra ay fo  ezis  3 dna  liw l ssa i ng  t ow  to hcae  el .tneme  fI   eht  

rebmun  fo  seulav  si  ssel  naht  eht  rebmun  fo  ,stnemele  t neh  no ly taht  am ny ele m stne  lliw   eb  

ezilaitini d. ehT  gniniamer  el stneme  lliw  eb  tes  ot  orez  lacitamotua ly.  

roF  ex pma le:  

citatS  taolf  ;}5.4,3.2,1.0{=]5[1mun   

lliW  ezilaitini  eht  tsrif  eerht  ele m stne  ot  3.2,1.0  dna  5.4  dna  eht  gniniamer  owt  tnemele s to ze or  .  

ehT  drow  citats  desu  erofeb  type alced r noita  ced l sera  eht  v elbaira  sa  a ats t ci  elbairav  .  

nI  emos  sesac  eht  is ze yam  be o im dett . nI  hcus  ,sesac  eht  relipmoc  tacolla es hguone  ecaps  for la l  

dezilaitini  stnemele . roF  ex ,elpma  etats eht m  tne  

citatS  tni  c tnuo ] [ = ;}2,2,2,2{   

lliW  eralced  eht  retnuoc  rra ay ot  niatnoc  ruof  stnemele  htiw  laitini  seulav  2.  

retcarahC  rra a sy  may eb  dezilaitini  ni  a ralimis  rennam . ,suhT  eht  nemetats t  

citatS  rahc  [eman  ] {=  S‘  ‘W N’,A’, }  

seralceD  eht  an me ot  eb  na  rra ay fo  of ur ,sretcarahc  dezilaitini  htiw  eht  gnirts  “ WS NA  ”  

erehT  niatrec  ward  kcab s ni  noitazilaitini  fo  rra ays.  

1. erehT  si  on  noc v tneine  yaw  ot  ezilaitini  no ly les ce det  elem ne ts.  
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2. T ereh  si  on  tuctrohs  tem h do  rof  gnizilaitini  a egral  rebmun  fo  rra ay nemele ts.  

gnidaeR  gnitirW  dna  noitalupinam  of ab evo  yt p se  of syarra .  
 
 

orP gram ot  daer  dna  etirw  owt  nemid is onal ar syar .  
 
 

>h.oidts<edulcni#   

)(niam   

{  

01[]01[a tni ]  ;  

tni  ,i  j oc,wor l;  

“(ftnirp \n tupnI  wor  dna  nmuloc  fo  a irtam x ;)”:   

d%“(fnacs  ,”d%  ;)loc&,wor&   

;0=i(rof  )++i;wor<i   

)++j;loc<j;0=j(rof   

,”d%“(fnacs  ;)]j[]i[a&   

)++i;wor<i;0=i(rof   

{  

)++j;loc<j;0=j(rof   

,”d5%“(ftnirp  ;)]j[]i[a   

“(ftnirp \ ;)”n   

}  
 
 

margorP  gniwohs  eno - mid lanoisne  yarra   
 
 

)(niam   
 
 
{  

tni  ;i   

taolf  ,1eulav,]01[a t ;lato   

retnE“(ftnirp  01  R lae  n rebmu s\n )”  ;  

)++i;01<i;0=i(rof   
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{  

,”f%“(fnacs  ;)eulav&   

;1eulav=]i[x   

}  

;0.0=latot   

f )++i;01<i;0=i(ro   

;]i[a*]i[a+latot=latot   

“(ftnirp \ ;)”n   

)++i;01<i;0=i(rof   

=]d2%[x“(ftnirp  f2.5% \ ,”n  ,1+i  i[x ] ;)   

“(ftnirp \ f2.%=latotn \n ,”  ;)latot   

}  
 
 

gnimmargorP  :selpmaxe   
 
 

margorP  ot  tnirp  noitacilpitlum  elbat  s  
 
 

enifed#  1R  4  

enifed#  1C  4  

)(niam   

{  

tni  ;]1C[]1R[dorp,loc,wor   

tni  ,i j;  

“(ftnirp  LUM T NOITACILPI  ELBAT  \n\ ;)”n   

ftnirp “(  ;)“   
 
 

)++j;1C=<j;1=j(rof   

;)j,”d4%“(ftnirp   

“(ftnirp \ ;)”n   

“(ftnirp ------------------------------------------- \ ;)”n   

)++i;1R<i;0=i(rof   
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{  

1+i=wor ;  

,”|d2%“(ftnirp  ;)1R   

)++j;1C=<j;1=j(rof   

{  

;j=loc   

;loc*wor=]j[]i[dorp   

,”d4%“(ftnirp  ;)]j[]i[dorp   

}  

“(ftnirp \ ;)”n   

}  

}  

tuptuO   

ITLUM P NOITACIL  ELBAT   

1 2 3 4  

----------------------------- ----------  

1 | 1 2 3 4  

2 | 2 4 6 8  

3 | 3 6 9 12  

4 | 4 8 21  16  
 
 

GNIRTS S  

gnirtS  airav b :el   

A gnirts  si  na  rra a sretcarahc fo y . Any puorg  fo  sretcarahc  denifed  neewteb   

elbuod  noitatouq  skram  si  dellac  a snoc t na t ts gnir  .  

:elpmaxE   

dooG“  gninroM  obyrevE ”yd   
 
 

retcarahC  sgnirts  era  o netf  desu  ot  dliub  lufgninaem  dna  aer d elba  rp o marg s.  

A gnirts  elbairav  si  any dilav  C elbairav  eman  na  d si  syawla  d deralce  sa  na  rra ay  .  
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ralceD gni  dna  gnizilaitini  gnirts  selbairav  :  

ehT  lareneg  mrof  fo  irts ng elbairav  si   

rahc  ;]ezis[eman_gnirts   

ehT  ezis  senimreted  eht  n rebmu  fo  ch sretcara  ni  the st gnir -name.  

emoS  selpmaxe  :era   

rahc  etats [  ;]01  

rahc  an m  ;]03[e  

nehW  eht  relipmoc  sngissa  a ch ra a etc r gnirts  ot  a retcarahc  rra a ,y  ti  lacitamotua ly lppus i se  a un ll  

‘(retcarahc \ )’0  ta  eht  end fo  eht  rts ni .g  ahC r retca  rra a sy  may be dezilaitini  nehw  ht ey ra e  

deralced . C stimrep  a ch retcara  rra ay ot  eb  dezilaitini  ni  rehtie  fo  eht  gniwollof  owt  fo :smr   
 
 

citatS  rahc  01[etats ] ”=  KAR KATAN A ;”   

citatS  rahc  A’,’K’,’A’,’T’,’A’,’N’,’R’,’A’,’K‘{=]01[etats ’\ ;}’O   

ehT  nosaer  taht  etats  had ot  eb  01  stnemele  gnol  si  taht  eht  gnirts  AK R AKATAN  noc t snia   01  

sretcarahc  dna  eno  el tneme  ecaps  si  dedivorp  rof  eht  llun  et .rotanimr  C osla  stimrep  su   ot  

ezilaitini  a retcarahc  yarra  tuohtiw  iceps f gniy  eht  rebmun  fo  ele m stne .  

roF  ,elpmaxe  eht  etats m tne   

citats  rahc  irts ng ] [  ,’H‘{=  ,’E‘  ,’L‘  ,’L‘  ’O‘  \  ;}O  

senifeD  eht  yarra  gnirts  sa  a xis  tnemele  rra ay  .  

gnidaeR  dna  itirw ng sgnirts :  

daer oT   gnirts a o noitcnuf tupni sretcarahc f  acs nf u eb nac s de  wi ht  s%  f tamro  ficeps icat .noi   

:elpmaxE   

rahc  ;]02[dda   

,”s%“(fnacS  ;)dda   

etoN  taht  ekilnu  suoiverp  fnacs  ,sllac  ni  eht  esac  of ahc r retca  rra a ,sy  eht  )dnasrepma(&  si  ton   

deriuqer  erofeb  eht  rav i elba  eman . ehT  s fnac  noitcnuf  lacitamotua ly mret i setan  eht  gnirts  th ta  is  

daer  htiw  a llun  retcarahc  dna  erofereht  eht  carahc t re  rra ay dluohs  eb  la egr  hguone  ot  dloh  eht   

tupni  gnirts  sulp  eht  llun  retcarahc . rP o marg  ot  daer  a seires  fo  row sd  isu ng fnacs  uf nct noi   
 
 

)(niam   

{  

 
De tp .	 ,ESI	fo 	 TIBJS 	 	85	egaP



 
S ataD dna C ni gnimmargorP t utcur r se  31DCP51  

 
 

rahc  ;]05[4txet,]05[3txet,]05[2txet,]05[1txet   

retnE“(ftnirp  tex :t \ ;)”n   

s%“(fnacs  ,”s%  et,1txet x ;)2t   

,”s%“(fnacs  ;)3txet   

,”s%“(fnacs  et ;)4tx   

“(ftnirp \ ;)”n   

=1txet“(ftnirp  %s\n s%=2txet \ ,”n  et x et,1t x ;)2t   

=3txet“(ftnirp  %s\n et x =4t  s% \n ,”  et x et,3t x ;)4t   

}  
 

gnitirW  :sgnirts   

ehT  ftnirp  noitcnuf  htiw  s%  nac  eb  us de  ot  yalpsid  na  ra ray c fo h  sretcara t i tah s  

detanimret  by eht  llun  retcarahc  .  

:elpmaxE   

,”s%“(ftnirp  tex  ;)t  
 
 

naC  eb  desu  ot  lpsid ay the eritne  noc t stne  fo  eht  rra ay eman . eW  nac  osla  sp ice fy eht  pr noisice   

htiw  hcihw  eht  rra ay lpsid si a dey . roF  ex ,elpma  eht  noitacificeps   

4.21%   

setacidni  taht  eht  tsrif  of ur sretcarahc  era  ot  p etnir  d ni  a fi dle  width fo  21  oc l snmu .  

margorP  ot  etartsulli  gnitirw  irts n sg  gnisu  s%  of rma  t  

)(niam   

{  

citats  rahc  =]51[etats  “M AYHDA  ”HSEDARP ;  

“(ftnirp \n \ )”n ;  

“(ftnirp ---------------------------------- \ ;)”n   

s31%“(ftnirp \ ,”n  ats t ;)e   

s5%“(ftnirp \ ,”n  ;)etats   

s6.51%“(ftnirp  \ ,”n  ats t ;)e   

s0.51%“(ftnirp \ ,”n  ats t ;)e   

s3.%“(ftnirp \ ,”n  ;)etats   
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}  

gnirtS  uf n tc io sn  :  

C yrarbil  ppus o str  a egral  rebmun  fo  irts ng tcnuf i no s. ehT  il ts  nevig  woleb  stciped  eht  stri  gn  

 snoitcnuf  

oitcnuF n tcA i no   

tacrts () etacnoc n seta  owt  irts ng  s  

)(pmcrts  serapmoc  owt  gnirts  s  

)(ypcrts  seipoc  eno  irts n w g ti h a  rehton  

)(nelrts  sdnif  eht  htgnel  fo  a gnirts  .  
 
 

gnirtS  noitanetacnoC  )(tacrts:  oitcnuf n:  

hT e tacrts  noitcnuf  snioj  owt  sgnirts  to rehteg . The lareneg  rof m is  

;)2gnirts,1gnirts(tacrts   

1gnirts  dna  2gnirts  era  retcarahc  syarra . nehW  eht  noitcnuf  tacrts  si  ex tuce ed. 2gnirtS  is  

dedneppa  ot  1gnirts . tI  d seo  os  by ivomer ng eht  n llu  carahc t re  eht ta  e p dna 1gnirts fo dn al ic n  g  

2gnirts  morf  ereht . The gnirts  ta  irts n 2g  sniamer  u ahcn n deg .  

:elpmaxE   
 
 

=1txeT  YREV  \0  

=2txeT  DOOG \0  

eT x =3t  DAB \0  

;)2txet,1txet(tacrtS   

eT x =1t  YREV  OOG D\  0  

=2txeT  DOOG \0  

;)3txet,1txet(tacrtS   

eT x =1t  YREV  AB D  

eT x =2t  AB D  

eW  tsum  ekam  erus  taht  eht  ezis  fo  1gnirts  si  egral  hguone  ot  adommocca te eht  lanif   

nirts g. tacrtS  uf n noitc  yam  osla  ap dnep  a irts ng co tnatsn  ot  gnirts  bairav le.  

roF  ex pma le:  

;)”DOOG”,1txet(tacrts   
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C stimrep  gnitsen  fo  tacrts  cnuf it no s. ehT  ats te em nt  

;)3gnirts,)2gnirts,1gnirts(tacrts(tacrts   

sI  dewolla  dna  acnoc t setane  lla  eht  eerht  sgnirts  t tego h re . ehT  tnatluser  gnirts  si  derots  in  

nirts g1.  

gnirtS  pmcrts/nosirapmoc () f cnu tion:  

ehT  pmcrts  noitcnuf  oc m serap  owt  irts n sg  fitnedi i de  by the stnemugra  dna  sah  a eulav  0  

fi  yeht  era  lauqe . ehT  eg n  mrof lare  si :  

;)2gnirts,1gnirts(pmcrts   

1gnirtS  dna  irts n 2g  may eb  gnirts  v selbaira  ro  rts i gn  stnatsnoc .  

selpmaxE  :era   

1eman(pmcrts )2eman, ;  

,1eman(pmcrts  ;)”IHBA“   

,”MOR“(pmcrts  ;)”MAR“   

eW  evah  ot  enimreted  rehtehw  eht  irts n sg  era  qe u ,la  fi  ton  hcihw  si  ahpla b lacite ly evoba .  

gnirtS  crts/gniypoc p )(y  :noitcnuf   

ehT  crts p )(y  noitcnuf  skrow  tsomla  ekil  a gnirts - tnemngissa  epo r rota . ehT  lareneg  tamrof  si   

;)2gnirts,1gnirts(ypcrts   

tI  poc i se  eht  stnetnoc  fo  s 2gnirt  1gnirts ot . 2gnirts  yam  be a ch retcara  v elbaira  ro  a irts ng  

natsnoc t.  

roF  ex ,elpma  t eh  metats ent  

ytic(ypcrts  , ;)”EROLAGNAB“   

lliW  ngissa  eht  gnirts  GNAB“ A ”EROL  ot  eht  rts ing elbairav  city. ehT  tnemetats   

ic,1ytic(ypcrts t ;)2y  lliw  ngissa  eht  stnetnoc  fo  eht  gnirts  elbairav  ic t 2y  ot  eht  gnirts  elbairav   

tic y1. ehT  ezis  fo  eht  yarra  ic t 1y  dluohs  eb  egral  hguone  ot  eviecer  the noc t stne  fo  ic t 2y .  
 
 

gnidniF  eht  htgnel  fo  a s rt ni g/ elrts n )( ;  

sihT  noitcnuf  stnuoc  dna  snruter  eht  rebmun  of ch cara t sre  ni  a ts ir ng  .  

ehT  lareneg  s xatny  si  ;)gnirts(nelrts=n   
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erehW  n si  na  regetni  elbairav  hcihw  iecer v se  eht  eulav  fo  eht  el n htg  fo  eht  st .gnir  T  eh  

tnemugra  may eb  a gnirts  .tnatsnoc  ehT  gnitnuoc  sdne  ta  eht  tsrif  llun  carahc t .re  gnitnemelpmI   

eht  evoba  uf n snoitc  tuohtiw  gnisu  gnirts  noitcnuf s:  

gnirtS  oitanetacnoc n:  

eW  tonnac  ngissa  eno  gnirts  ot  rehtona  di er tc l ,y we tonnac  nioj  owt  sgnirts  rehtegot  by eht   

elpmis  citemhtira  noitidda . ehT  carahc t sre  morf  st 1gnir  na  d 2gnirts  dluohs  eb  deipoc  otni  t eh   

3gnirts  eno  retfa  the rehto . ehT  ezis  fo  eht  rra ay st 3gnir  dluohs  eb  egral  ne o hgu  to dloh  eht  ot tal  

retcarahc s.  

orP gram ot  wohs  cnoc a noitanet  of irts ngs:  

(niam )  

{  

tni  i,j ;k,   

citats  rahc  ;}”LATA“{=eman_tsrif   

citats  rahc  }”MAR“{=eman_ces ;  

citats  rahc  an_tsal m K“{=e R HSI N }”A ;  

rahc  ;]03[eman   
 
 

’=!]i[eman_tsrif;0=i(rof \ )++i;’0   

;eman_tsrif=]i[eman   

dnoces;0=i(rof ’=!]j[eman_ \ ;’0  )++j   

;]j[eman_ces=]1+j+i[eman   

]1+j+i[eman  ’=  ;‘   

’=!]k[eman_tsal;0=k(rof \ )++k;’0   

;]k[eman_tsal=]2+k+j+i[eman   

’=]2+k+j+i[eman \ ;’0   

“(ftnirp \n \ ;)”n   

s%“(ftnirp  \ ,”n  ;)eman   

}  

 tuptuO  

LATA  MAR  KR ANHSI   
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gnirtS  :nosirapmoc  
 
 

nosirapmoC  fo  owt  sgnirts  tonnac  eb  derapmoc  di tcer ly. tI  si  erofereht  yrassecen   ot  

erapmoc  eht  sgnirts  ot  eb  ,detset  retcarahc  yb  retcarahc . The nosirapmoc  si  enod  nu it l ereht  si   a  

im hctams  ro  eno  fo  eht  st sgnir  animret t se  otni  a nu ll  carahc t re  .  

ehT  gniwollof  s tnemge  of a rp o marg  setartsulli  t ih s,  
 
 

-----------------------------  

0=i ;  

]i[2rts==]i[1rts(elihw  &&  ’=!]i[1rts \ ’0  

&&  ’=!]i[2rts \ )’0   

 ;1+i=i  

’==]i[1rts(fi \ ’0  &&  ’==]i[2rts \ ’0 )  

sgnirts“(ftnirp  era  lauqe \ ;)”n   

esle   

sgnirts“(ftnirp  era  ton  auqe l\n” ;)   

--------------------------------  

gnirtS  ypoc ni :g   
 
 

orP gram ot  ohs w gniypoc  fo  two irts n sg :  
 
 

(niam )  

{  

rahc  1gnirts [ ;]08[2gnirts,]08   

tni  ;j   

retnE“(ftnirp  a gnirts \ )”n ;  

tnirp ;)”?“(f   

,”s%“(fnacs  )2gnirts  ;  
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i[2gnirts;0=j(rof ] ’=! \ ;’0 j )++   

1gnirts [j] 2gnirts= [j]  ;  

=]j[1gnirts ’\ ’0 ;  

“(ftnirp \ ;)”n   

s%“(ftnirp \ ;)1gnirts,”n   

rebmuN“(ftnirp  fo  retcarahc s= d% \ ,”n  )j ;  

}  

orP gram ot  dnif  eht  el n tg  h of a s rt ni g:  
 
 

s<edulcni# t h.oid >  

(niam )  

{ rahc  retcarahc,]08[enil   

tni   ;i,0=c  

retnE“(ftnirp  eht  txet \ )”n ;  

’=!;]i[enil;0=i(rof \ )++i;’0   

{ ;)(rahcteg=retcarahc   

;retcarahc=]i[enil   

+c +  ;  

}  

ehT“(ftnirp  htgnel  fo  eht  gnirts  \ ,”n  )c  ;  

}  
 

citemhtirA  snoitarepo  no  sretcarahc : 

eW  nac  etalupinam  sretcarahc  eht  emas  way ew  do htiw  srebmun . evenehW r a  

retcarahc  tnatsnoc  ro  ch retcara  bairav le si  desu  ni  na  ex ,noisserp  ti  si  lacitamotua ly revnoc t de   

otni  na  regetni  eulav  b  y t  eh s metsy . ehT  regetni  eulav  sdneped  no  eht  lo ac l retcarahc  s te  fo  eht   

sy mets .  
 
 

oT  etirw  a retcarahc  ni  its getni er er p noitatneser  , ew  may etirw  ti  sa  na  regetni . oF r  

:elpmaxe   
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y  ;’a’=  

d%“(ftnirp \ ,”n  ;)y   

lliw  yalpsid  the rebmun  97 no  t eh  rcs e ne  .  

tI  si  osla  elbissop  ot  mrofrep  citemhtira  epo r snoita  no  eht  ahc r retca  tsnoc ants dna  selbairav .  

roF  ex pma le:  

y ’z’= -  ;1  

Is a v dila  statem .tne  nI  SA C II  , eht  v eula  of ’z‘  si  1 22  dna  fereht o er  , the statem ne t wi ll  as gis n  

eht  eulav  121  ot  ht e vari ba le Y. eW  may osla  use ch ra a etc r stnatsnoc  ni  lanoitaler  ex snoisserp .  

roF  ex pma le:  

’a’=>hc  &&  ’z’=<hc  

dluoW  tset  rehtehw  eht  retcarahc  deniatnoc  ni  t eh  bairav le hc  si  na  rewol - esac  l tte e .r  eW  ac n  

trevnoc  a retcarahc  tigid  to sti  tnelaviuqe  regetni  v eula  gnisu  eht  gniwollof  pihsnoitaler  :  

retcarahc=y  – ;’0‘   

erehW  y si  denifed  sa  na  regetni  rav i elba  dna  ch retcara  sniatnoc  eht  retcarahc  tigid  .  

:elpmaxE  teL  su  emussa  taht  eht  retcarahc  iatnoc ns eht  tigid  ,’7‘  neht  ,  

IICSA=y  eulav  fo  ’7‘ - SA C II  v eula   fo ‘  ’0  

= 55 -  84  

=  7  

C yrarbil  sah  a uf n noitc  taht  strevnoc  a gnirts  of stigid  ni to rieht  i egetn r av l .seu  ehT  noitcnuf   

sekat  rof eht m  

;)gnirts(iota=y   

y si  na  regetni  rav i elba  dna  gnirts  si  a ch retcara  array iniatnoc n a g  irts n o g r  stigid  

redisnoC  eht  gniwollof  ex :elpma   

”4791”=mun   

;)mun(iota=raey   

muN  si  a irts ng rav iab el  hcihw  si  ssa i eng d eht  gnirts  natsnoc t 791“ 4 .”  ehT  noitcnuf  ota i  

strevnoc  eht  gnirts  ”4791“  ot  sti  ciremun  tnelaviuqe  1 479  dna  sngissa  ti  ot  eht  regetni  lbairav e  

aey r  .  

gnimmargorP  :selpmaxe   
 

orP gram ot  so tr  sgnirts  ni  lacitebahpla  :redro  
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enifed#  SMETI  01   

enifed#  XAM  25  

)(niam   

{  

rahc  rts  [ ]SMETI [ XAM ], ;]XAM[mud   

tni  ;0=j;0=i   

retnE“(ftnirp  an m se  fo  d%  smeti  \ ,”n  ;)SMETI   

)SMETI<i(elihw   

,”s%“(fnacs  ;)]++i[rts   

)++i;SMETI<i;1=i(rof   

{  

SMETI=<j;1=j(rof - )++j;i   

{  

j[gnirts(pmcrts(fi - )0>)]j[gnirts,]1   

j[gnirts,ymmud(ypcrts - ;)]1   

j[rts(ypcrts - rts,]1 [ ;)]j   

mud,]j[rts(ypcrts m )y ;  

}  

}  

)++i;SMETI<i;0=i(rof   

,”s%“(ftnirp  ;)]i[rts   

}  

orP gram ot  wohs  gnirts  gnildnah  oitcnuf n :s   

irts<edulcni# n >h.g   

(niam )  

{  

rahc  ;]02[3s,]02[2s,]02[1s   

tni  ;3nel,2nel,1nel,y   

“(ftnirp \n retnE  owt  gnirts  tnatsnoc s\n )” ;  

;)”?“(ftnirp   

s%“(fnacs  ,”s%  ;)2s,1s   
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x )2s,1s(pmcrts= ;  

(fI y  )0=!  

{  

“(ftnirp \n\n sgnirtS  era  ton  auqe l\ )”n  ;  

;)2s,1s(tacrts   

}  

esle   

“(ftnirp \n\n sgnirtS  era  lauqe \ ;)”n   

)1s,3s(ypcrts  ;  

;)1s(nelrts=1nel   

;)2s(nelrts=2nel   

;)3s(nelrts=3nel   

“(ftnirp \n =1s  s%  tgnel h= d%  hc a retcar  \ el,1s,”n n ;)1  

“(ftnirp \n =1s  s%  tgnel h= d%  hc a retcar  \ el,2s,”n n ;)2   

“(ftnirp \n =1s  s%  =htgnel  d%  retcarahc  \ el,3s,”n n ;)3   

}  

orP gram ot  trevnoc  ol w esacre  arahc c sret  ni  ot  reppu  esac  sretcarahc  :  

s<edulcni# t h.oid >  

(niam )  

{  

rahc   ;]58[txet  

tni  i 0= ;  

retnE“(ftnirp  a enil  fo  txet  ni  esacrewol :\ )”t  ;  

^[%“(fnacs \ ;)txet,”]n   

;)txet,”s%“(ftnirp   

(ftnirp “\n detrevnoC  ot  u acrepp se et xt si  :\t” ;)   

xet(elihw )’0’=!]i[t   

,”c%“(ftnirp  ;))]i[txet(reppuot   

;++i   

}  

“(ftnirp \ ;)”n   
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}  
 
 

snoitcnuF  kaerb  egral  gnitupmoc  sksat  otni  rellams  ,seno  dna  lbane e pe elpo  to dliub  no  ahw t  

srehto  ah ev  enod  daetsni  fo  gnitrats  revo  morf  .hctarcs  etairporppA  uf n snoitc  edih  sliated   fo  

noitarepo  morf  strap  fo  eht  rp o marg  taht  od n t'  deen  ot  wonk  tuoba  ,meht  suht  iralc f iy ng ht e  

,elohw  dna  isae ng eht  niap  fo  gnikam  ahc n seg . C sah  neeb  sed i deng  ot  ekam  nuf snoitc  neiciffe t  

dna  ae sy ot  ;esu  C rp o smarg  lareneg ly tsisnoc  fo  am ny llams  uf n snoitc  rehtar  naht  a wef   gib  

seno . A pro arg  m may er s edi  ni  eno  ro  erom  os u cr e if l se . ecruoS  elif s may be delipmoc  s etarape ly  

dna  dedaol  ,rehtegot  gnola  htiw  suoiverp ly oc m ip del  snoitcnuf  morf  .seirarbil  eW  lliw  ton   og  

otni  taht  ssecorp  ,ereh  ,revewoh  ecnis  eht  sliated  av ry morf  s metsy  ot  s .metsy  uF nct oi n  

noitaralced  dna  d noitinife  si  eht  aera  wh ere  eht  NA SI radnats d ah s edam  t eh  mo ts  chan eg s to C.  

elbissop  ot  eralced  eht  type of stnemugra  wh ne  a noitcnuf  si  alced r .de  ehT  s atny x fo   noitcnuf  

noitaralced  osla  ahc n seg , os  taht  snoitaralced  dna  fed i tin i sno  hctam . sihT  sekam  ti  elbissop  rof   a  

relipmoc  ot  tceted  am ny erom  srorre  naht  ti  co dlu  .erofeb  eromrehtruF , nehw  ar stnemug   era  

reporp ly ,deralced  etairporppa  t epy  snoicreoc  era  emrofrep d lacitamotua ly. ehT  dradnats  eifiralc s  

eht  selur  no  eht  epocs  fo  ;seman  ni  ,ralucitrap  ti  seriuqer  taht  ereht  eb  no ly eno  noitinifed  fo  cae h  

lanretxe  .tcejbo  noitazilaitinI  si  erom  :lareneg  citamotua  arra sy  dna  st erutcur s may on w be  

ezilaitini d. ehT  C erp p rossecor  h sa  osla  neeb  e decnahn . weN  pr ecorpe s ros  seitilicaf  edulcni   a  

erom  etelpmoc  tes  fo  lanoitidnoc  noitalipmoc  ,sevitcerid  a way ot  etaerc  detouq  sgnirts  f or m  

orcam  ,stnemugra  dna  be rett  lortnoc  ov re  eht  m orca  ex noisnap  .ssecorp  oT  nigeb  wit ,h  let us  

ngised  dna  w etir  a progr ma  ot  tnirp  hcae  enil  of sti  tupni  taht  atnoc i sn  a ralucitrap  ap`` ttern ''  or  

gnirts  of ch sretcara . hT( is si  a sp laice  esac  fo  the UNIX rp o marg  ).perg  roF  ex pma le, se ihcra n  g  

rof  eht  nrettap  of srettel  luo`` d ''  ni  eht  set of il sen   
 

edulcni#  h.oidts< >  

enifed#  AM X IL NE 001  0 */  am x mumi  tupni  enil  l htgne  */  

tni  c(enilteg h ra  ,][enil  tni  am x)  

tni  rahc(xednirts  ,][ecruos  rahc  ;)][rofhcraes   

rahc  [nrettap  ] =  ;"dluo" /  * nrettap  to s ae r hc  rof  */  

*/  dnif  lla  senil  gnihctam  nrettap  *  /  

)(niam   
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{  

rahc  enil [ ENILXAM  ;]  

tni  dnuof  = 0;  

elihw  ,enil(enilteg(  )ENILXAM  > )0   

fi  ednirts( x ,enil(  )nrettap  =>  )0  {  

,"s%"(ftnirp  )enil  ;  

;++dnuof   

}  

nruter  dnuof  ;  

}  

*/  :enilteg  teg  enil  otni  ,s  nruter  el n htg  */  

tni  c(enilteg h ra  [s ], i tn  il m  )  

{  

tni  ,c   ;i  

i = ;0   

elihw  ( -- mil  > 0 &&  ))(rahcteg=c(  =!  FOE  &&  c =!  '\n  )'  

= ]++i[s  c;  

fi  == c(  '\n  )'  

= ]++i[s  c;  

' = ]i[s \  ;'0  

 ;i nruter  

}  

*/  ednirts x: nruter  edni  x fo  t in ,s  -1 fi  enon   /*  

tni  ednirts x rahc(  ,][s  rahc  t[])  

{  

tni  i, ,j  ;k   

' =! ]i[s ;0 = i( rof \0 ;'  i++)  {  

rof  ,i=j(  ;0=k  t[ '=!]k \0' &&  ;]k[t==]j[s  ,++j  ++k  )  

;  

fi  k(  > 0 &&  t[ ]k  ==  '\0'  )  

ter  ;i nru  
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}  

nruter  -1;  

}  

hcaE  noitcnuf  noitinifed  sah  eht  mrof  nruter - epyt  noitcnuf - tnemugra(eman  )snoitaralced   

{  

snoitaralced  dna  metats ents  

}  

suoiraV  strap  may be ab ;tnes  a laminim  oitcnuf n si  mud m (y ) hw}{ i hc  do se  on thi gn  dna  r nrute s  

gnihton . A od - gnihton  noitcnuf  ekil  siht  si  semitemos  lufesu  sa  a ecalp  redloh  gnirud  rp ogr  ma  

nempoleved t. fI  eht  nruter  t epy  tni ,dettimo si  i  s sa s demu .  

A margorp  si  tsuj  a tes  fo  itinifed sno  fo  selbairav  dna  tcnuf i .sno  noitacinummoC  neewteb  eht   

snoitcnuf  si  yb  nemugra ts dna  seulav  ter u denr  by eht  ,snoitcnuf  dna  orht u hg  ex lanret  .selbairav   

ehT  snoitcnuf  nac  rucco  ni  yna  redro  ni  eht  ecruos  ,elif  dna  eht  ecruos  margorp  nac  eb  tilps   otni  

m elpitlu  ,selif  os  gnol  sa  on  tcnuf i no  si  lps ti . ehT  r nrute  tnemetats  si  eht  sinahcem m rof  ret inru ng  

a eulav  morf  eht  dellac  noitcnuf  ot  sti  lac ler. ynA  ex noisserp  nac  wollof  :nruter  ruter n  

ex sserp i  ;no  

ehT  ex noisserp  lliw  eb  detrevnoc  ot  eht  ruter n t epy  fo  eht  noitcnuf  if en c asse ry. esehtneraP s are  

netfo  desu  dnuora  eht  ex ,noisserp  tub  yeht  era  po t lanoi . ehT  gnillac  uf n noitc  si  eerf  ot  erongi  ht e  

denruter  eulav . truF h re m ,ero  ereht  n ee d ot  eb  no ex noisserp  retfa  nruter ; ni  taht  cas ,e  no ulav e  si  

enruter d ot  eht  llac er. Co lortn  osla  snruter  ot  eht  rellac  htiw  on  v eula  w eh n ex uce t noi  sllaf``  off  

eht  ne d ''  fo  eht  uf n noitc  by ihcaer ng eht  isolc ng thgir  brace. It si  ton  ,lagelli  tub  orp b ba ly a gis n  

fo  ,elbuort  fi  a noitcnuf  snruter  a lav ue morf  one ecalp  na d on  av l eu  orf m ona t reh . nI  any ,esac  if  

a noitcnuf  f slia  ot  nruter  a ,eulav  sti  ''eulav``  is rec tain to be rag ba eg . ehT  nrettap - ihcraes ng  

margorp  snruter  a utats s morf  ,niam  ht e ebmun r of m cta h se  dnuof . sihT  eulav  si  av elbalia  for us  e  

yb  eht  nemnorivne t taht  dellac  eht  margorp   
 

snoitcnuF  gninruteR  N no - regetni  s  
 

,tsriF  flestifota  tsum  eralced  eht  t py e fo  val eu  ti  er t nru s, si cn e ti  si  not i .tn  ehT  t epy  n  ema  

ecerp d se  eht  uf n noitc  :eman   

edulcni#  >h.epytc<   

*/  :fota  irts trevnoc ng s ot  buod le */  

 
De tp .	 ,ESI	fo 	 TIBJS 	 	07	egaP



 
S ataD dna C ni gnimmargorP t utcur r se  31DCP51   

 
elbuod  c(fota h ra  [s ])  

{  

elbuod  ,lav  rewop  ;  

tni  i, is ng ;  

rof  i(  = ;0  ;)]i[s(ecapssi  )++i  */  piks  ihw te aps ce *  /  

;  

i[s( = ngis ] ==  '-  )' ? -1  : 1;  

fi  '+' == ]i[s(  i[s || ] ==  '-')  

+i +  ;  

rof  lav(  = ;0.0  ;)]i[s(tigidsi  ++i )  

lav  i[s( + lav * 0.01 = ] - )'0' ;  

fi  ]i[s(  ==  '.'  )  

+i +  ;  

rof  rewop(  = ;0.1  dsi i ;)]i[s(tig  )++i   {  

lav  i[s( + lav * 0.01 = ] - )'0' ;  

rewop  =*   ;01  

}  

lav * ngis nruter   / rewop ;  

}  

,dnoceS  dna  tsuj  sa  ,tnatropmi  eht  illac ng enituor  tsum  wonk  taht  snruterfota  a non - tni  eulav . O en   

way ot  sne u er  siht  si  ot  d eralce  fota  ex ticilp ly ni  t eh  llac ing enituor . ehT  d alce r ta i no  is s nwoh  ni   

siht  evitimirp  rotaluclac  erab( ly qeda u eta  for ch kce - koob  ab l icna n ,)g  hcihw  sdaer  no e ebmun r  

rep  ,enil  lanoitpo ly dedecerp  htiw  a si ,ng  dna  da ds meht  ,pu  gnitnirp  eht  r nnu i gn  us m fa t re  e  hca  

 :tupni  

edulcni#  < ts h.oid >  

enifed#  ENILXAM  01  0  
 

*/  atnemidur ry ac l rotaluc  /*   

(niam )  

{  

elbuod  ,mus  rahc(fota  []);  
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rahc  ]ENILXAM[enil  ;  

tni  rahc(enilteg  ,][enil  tni  am x ;)   

mus  = ;0   

elihw  ,enil(enilteg(  ILXAM N )E  > 0  )  

"(ftnirp \ g%t \ ,"n  mus  =+  ;))enil(fota   

nruter  0  ;  

}  

ehT  noitaralced   

elbuod  ,mus  rahc(fota  ;)][  syas  t tah  mus  si  a elbuod  ,elbairav  dna  taht  fota  si  a noitcnuf  taht   sekat  

eno  rahc [ a] r tnemug  na d snruter  a .elbuod  ehT  noitcnuf  fota  tsum  eb  deralced  dna   denifed  

ltnetsisnoc y. fI  fota  flesti  dna  eht  llac  ot  ti  ni  niam  evah  tnetsisnocni  typ se  in eht  as me ruos ce f li  ,e  

eht  rorre  lliw  eb  detceted  by eht  .relipmoc  But fi  sa(  si  erom  ekil l )y  fota  w re e oc m elip d  

arapes tel ,y  the hctamsim  dluow  ton  eb  ,detceted  at fo  dluow  nruter  a elbuod  taht  niam  dluow  t aer t  

sa  na  ,tni  dna  inaem n elg ss srewsna  dluow  r luse t.  

nI  eht  li thg  fo  tahw  ew  h eva  dias  tuoba  woh  snoitaralced  tsum  am t hc  nifed ti ,snoi  ht is mi hg t ees m  

nisirprus g. The nosaer  a hctamsim  nac  pah p ne  si  t tah  fi  ereht  si  on  tcnuf ion orp tot epy , a uf nc it no   

si  ticilpmi ly ced l dera  by i st  tsrif  ecnaraeppa  ni  na  ex ,noisserp  s hcu  sa   

mus  =+  enil(fota )  
 
 
If a n ema  taht  h sa  ton  neeb  suoiverp ly deralced  o srucc  ni  na  ex noisserp  and si  lof l dewo  by a l fe  t  

,sesehtnerap  ti  si  deralced  yb  txetnoc  ot  eb  a noitcnuf  ,eman  eht  noitcnuf  si  demussa  ot  nruter  na   

,tni  dna  gnihton  si  demussa  uoba t ti s ugra m ne ts. mrehtruF o ,er  fi  a uf n noitc  noitaralced  eod s on t  

edulcni  ,stnemugra  sa  ni   

ehT  erutcurts  fo  eht  rp o marg  si  suht  a pool  taht  smrofrep  eht  reporp  noitarepo  no  hcae  arepo tor  

dna  dnarepo  sa  raeppa ti s:  

elihw  txen(  rotarepo  ro  dnarepo  si  ton  dne -of- elif  i )rotacidn   

fi  rebmun( )  

hsup  ti   

esle  fi   )rotarepo(  

dnarepo pop s  

od  tarepo ion  
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 tluser hsup  

esle  fi  )enilwen(   

tnirp dna pop  t po  fo  ts ac  k  

esle   

rorre   

ehT  o noitarep  fo  ihsup ng dna  gnippop  a kcats  era  ,laivirt  tub  by eht  it me er ror  ed t ce t noi   dna  

evocer ry era  ,dedda  ht ey era  ol ng one ug  h taht  ti  si  retteb  ot  tup  hcae  ni  a es p etara  noitcnuf  naht  to  

taeper  eht  edoc  orht ugh tuo  eht  elohw  pro marg . dnA  ereht  dluohs  be a apes r eta  noitcnuf  for  

ihctef ng ht e en xt tupni  rotarepo  ro  oper .dna  The niam  d gise n noisiced  taht  sah  on t ey t b  nee  

dessucsid  si  erehw  the st kca  ,si  taht  ,si  hcihw  senituor  ssecca  it id r tce ly. On ilibissop ty si  to eek p  

ti  ni  ,niam  dna  ssap  eht  kcats  dna  eht  tnerruc  kcats  tisop i no  to t eh  uor it sen  taht  up sh dna  pop  ti  .  

tuB  niam  seod n t'  deen  to wonk  tuoba  eht  bairav l se  taht  lortnoc  eht  ;kcats  ti  no ly seod  hsup  na d  

pop  arepo it no s. oS  ew  h eva  dediced  ot  erots  eht  kcats  dna  sti  detaicossa  i noitamrofn  in ext anre  l  

selbairav  ac elbissec  ot  the hsup  dna  op p cnuf tions tub  ton  ot  main. snarT l gnita  siht  uo lt ni e otni   

edoc  si  ae sy .hguone  fI  rof  on w ew  kniht  fo  the rp o arg m sa  exi ts i gn  in eno  s ruo ce if l ,e  it liw l  

kool  ekil  :siht   

 sedulcni#  

 senifed#  

noitcnuf  lced snoitara  rof  niam   

)(niam  { ...  }  

ex lanret  selbairav  for up sh dna   pop  

(hsup diov  elbuod  )f  { ...  } 

elbuod  )diov(pop  { ...  }  

tni  c(poteg h ra  )][s  { ...  } 

senituor  dellac  by  poteg  

aL t re  we lliw  ssucsid  woh  siht  thgim  eb  spl ti  i otn  owt  ro  erom  ruos ce fi el s. ehT  noitcnuf  niam  si   

a pool  iniatnoc ng a big s hctiw  no  eht  type fo  op rotare  ro  op ;dnare  siht  si  a erom  t lacipy  use  fo  

hctiws  naht  eht   eno  

edulcni#  < ts h.oid >  

edulcni#  >h.bildts<  */  for )(fota  */  

enifed#  POXAM  001  */  am  x ezis  fo  dnarepo  ro  o rotarep  */  
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enifed#  UN M REB  '0' */  langis  taht  a rebmun  saw  * dnuof /  

tni  c(poteg h ra  [  ;)]  

diov  )elbuod(hsup  ;  

elbuod  )diov(pop  ;  

*/  ac hsiloP esrever l uc lat ro   /*  

(niam )  

{  

 tni t  ;epy  

uod elb   ;2po  

rahc  POXAM[s ];  

elihw  (( t epy  = ))s(poteg  =!  )FOE   {  

hctiws  )epyt(   {  

esac  :REBMUN   

;))s(fota(hsup   

;kaerb   

esac  :'+'  )(pop(hsup  p + o ))(p ;  

erb a  ;k  

esac  )(pop(hsup:'*'  * op p ))( ;  

erb a  ;k  

esac  '- 2po:'   ;)(pop =  

)(pop(hsup  - )2po ;  

erb a  ;k  

esac  '/ :' pop = 2po ();  

0.0 =! 2po( fi )  

/ )(pop(hsup  )2po ;  

esle   

:rorre"(ftnirp  orez  rosivid \ )"n  ;  

erb a  ;k  

esac  '\ :'n  "(ftnirp \ g8.%t \ ,"n  (pop ))  ;  

erb a  ;k  

fed a  :tlu  
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rre"(ftnirp o :r  onknu nw  dnammoc  %s\n ,"  )s ;  

;kaerb   

}  

}  

0 nruter ;  

}  
 
 

enifed#  XAM V LA  001  /* am x mumi  htped  fo  av  l kcats  *  /  

tni  ps  = ;0  */  en xt eerf  st kca  noitisop   /*  

elbuod  ;]LAVXAM[lav  */  eulav  kcats  */  

*/  :hsup  hsup  f otno  eulav  st kca  */  

diov  elbuod(hsup  f)  

{  

fi  ps(  XAM < VAL)  

lav [ ]++ps  =  ;f  

esle   

rre"(ftnirp o :r  kcats  ,lluf  t'nac  hsup  %g\n ,"  f);  

}  

*/  :pop  pop  dna  nruter  top eulav  orf  m st kca  */  

elbuod  diov(pop )  

{  

fi  ps(  > 0)  

nruter  [lav -- ;]ps   

esle  {  

:rorre"(ftnirp  kcats  pme ty\n )" ;  

nruter  0.0 ;  

}  

}  

A bairav le si  ex lanret  fi  ti  si  denifed  edistuo  of any f cnu t noi . suhT  eht  kcats  dna  cats k edni x aht t  

tsum  eb  ahs r de  by sup h dna  op p are denifed  out is ed  t eseh  uf n .snoitc  But niam  flesti  eod s on t  

refer  ot  eht  kcats  ro  kcats  noitisop  - eht  r erpe sentat noi  nac  eb  dih d .ne  teL  su  won  nrut  to ht e  
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noitatnemelpmi  fo  poteg , eht  noitcnuf  th ta  ef t ehc s eht  en xt otarepo r ro  ope dnar . ehT  ksat  si  ae sy.  

pikS  knalb s dna  bat s. fI  eht  en xt retcarahc  si  ton  a tigid  ro  a eh x lamiceda  ,tniop  nruter  ti  .  

,esiwrehtO  tcelloc  a irts ng of di stig  hcihw(  mi thg  i edulcn  a d lamice  ,)tniop  dna  ruter  n UN M ,REB   

eht  langis  taht  a mun b re  sah  celloc neeb t de .  

edulcni#  >h.epytc<   

tni  ;)diov(hcteg   
 
 

esuaceB  dna+  era*  atummoc evit  ,srotarepo  eht  o redr  ni  hcihw  the eppop  d sdnarepo  era  enibmoc d  

si  ,tnavelerri  tub  rof  - dna  eht/  tfel  dna  ri thg  epo rand tsum  eb  dehsiugnitsid .  

I  n  

)(pop(hsup  - ;))(pop  */  GNORW  /*  eht  redro  ni  hcihw  eht  owt  sllac  fo  pop  era  eval au t de  is on t  

nifed ed. To eetnaraug  t eh  ri thg  ro d re , ti  si  ne assec ry to pop  ht e srif t val eu  into a tem op rar  y  

elbairav  sa  ew  did  ni  am in.  
 
 

diov  ctegnu h ;)tni(   

*/  :poteg  teg  txen  carahc t re  ro  remun ic dnarepo  *  /  

tni  c(poteg h ra  [s ]  )  

{  

tni  i, c  ;  

= c = ]0[s(( elihw  == ))(hcteg  ' ' ||  == c  '\t')  

;  

]1[s  ' = \ '0 ;  

fi  )c(tigidsi!(  &&  c =!   )'.'  

nruter  a ton */ ;c  rebmun   /*  

i = ;0   

fi  c(tigidsi( )) */  tcelloc  in reget  trap  /*   

elihw  ]i++[s(tigidsi(  = c = ))(hcteg )  

;  

fi  c(  ==  '. tcelloc */ )'  noitcarf  trap   /*  

elihw  ]i++[s(tigidsi(  = c = ))(hcteg )  

;  
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' = ]i[s \  ;'0  

=! c( fi   )FOE  

;)c(hctegnu   

nruter  ;REBMUN   

}  

tahW  era  dnahcteg  ?hctegnu  tI  si  netfo  eht  esac  taht  a margorp  tonnac  enimreted  taht  ti  sah  aer d  

guone h tupni  litnu  it sah  daer  t oo  .hcum  enO  in ecnats  si  gnitcelloc  sretcarahc  taht  m eka  pu  a  

:rebmun  litnu  eht  tsrif  non - tigid  si  ,nees  eht  un m reb  is ton  oc m .etelp  tuB  neht  eht  gorp r ma  ah s  

daer  eno  carahc t re  oot  ,raf  a retcarahc  taht  ti  si  ton  raperp de  rof .  

ehT  melborp  dluow  be devlos  fi  ti  erew  elbissop  ot  nu`` - aer d ''  eht  nu w na t de  ch ra act .re  Th ne ,  

eve ry emit  eht  margorp  sdaer  eno  ahc r retca  oot  am n ,y  ti  dluoc  hsup  ti  kcab  no  eht  ,tupni  os   eht  

tser  fo  eht  edoc  dluoc  b evahe  sa  fi  ti  dah  reven  neeb  re .da  anutroF t ,yle  s'ti  ae sy ot   etalumis  

ittegnu ng a ch retcara , by w gnitir  a riap  of ooc p itare ng uf n .snoitc  hcteg d srevile  eht  en tx  i  tupn  

retcarahc  ot  eb  ;deredisnoc  egnu t hc  lliw  ruter n meht  erofeb  r idae ng n we  i upn t. woH  ht ey work  

rehtegot  si  .elpmis  tegnu stuphc  eht  dehsup - kcab  sretcarahc  otni  a derahs  reffub  --  a ch etcara r  

arra y. hcteg r sdae  morf  eht  reffub  fi  eht re si  an gnihty  ,esle  dna  sllac  firahcteg  eht  ffub er si  empty.  

erehT  tsum  osla  eb  na  edni x elbairav  taht  sdrocer  eht  noitisop  fo  eht  tnerruc  hc ar retca  ni   eht  

effub r. ecniS  eht  bu reff  dna  eht  edni x era  derahs  by cteg h dna  un cteg h dna  tsum  niater  rieht  eulav  s  

neewteb  ,sllac  ht ey tsum  eb  ex lanret  ot  htob  senituor . suhT  ew  nac  etirw  eg t ,hctegnu ,hc   dna t eh ir  

derahs  selbairav   :sa  

enifed#  EZISFUB  001   

rahc  FUB[fub S ;]EZI  */  reffub  rof  hctegnu  /*   

tni  pfub  = en */ ;0 x eerf t  op is noit  in fub   /*  

tni  iov(hcteg d) */  teg  a (p bisso ly sup h de - )kcab  hc a car et r  /*  

{  

nruter  pfub(  > )0  ? [fub -- hcteg : ]pfub a )(r ;  

}  

diov  ctegnu h tni(  )c  */  pu hs  retcarahc  b kca  no  i pn ut *  /  

{  

fi  B => pfub( UFS  )EZI  

:hctegnu"(ftnirp  oot  ynam  retcarahc s\ )"n ;  
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esle   

]++pfub[fub  = ;c  }  

citatS  elbairaV s  
 

ehT  selbairav  sp dna  lav in c.kcats , na d fub  dna  b nipfu  teg c.hc , a er  rof  the avirp et  esu  o  f  

eht  snoitcnuf  ni  rieht  evitcepser  ecruos  ,selif  dna  era  ton  tnaem  ot  eb  dessecca  by an ihty ng esle .  

ehT  citats  d ,noitaralce  ap deilp  ot  an ex lanret  elbairav  ro  ,noitcnuf  il im st  eht  ocs pe of taht  bo ej c  t  

ot  eht  tser  fo  eht  s ecruo  elif  gnieb  pmoc il .de  Ex lanret  citats  suht  edivorp s a way ot  edih  eman s  

ekil  fub  dna  ipfub n eht  hcteg  un hcteg  ,noitanibmoc  hcihw  tsum  be ext lanre  so they ac n  eb  

,derahs  tey  hcihw  luohs d ton  eb  elbisiv  ot  sresu  fo  hcteg  dna  un eg t hc . citatS  egarots  si  eificeps d  

by p ifer x gni  eht  lamron  d noitaralce  htiw  eht  row d stat ci . fI  eht  owt  senituor  dna  eht   owt v ra i ba les  

era  delipmoc  ni  eno  ,elif  sa  i  n  

citats  rahc  FUB[fub S ZI E ;]  */  reffub  rof  un hcteg  *  /  

citats  tni  pfub  = ;0  txen */  eerf  tisop i no  in fub  */  

tni  iov(hcteg d) { ...  }  

diov  ctegnu h tni(   { )c ...  }  

neht  on  rehto  enituor  iw ll eb  elba  ot  ssecca  afub nd ,pfub  dna  esoht  eman s liw l ton  fnoc l tci  w ti  h  

eht  emas  seman  ni  rehto  selif  fo  eht  emas  rp o rg am. nI  eht  emas  wa ,y  eht  selbairav  taht  hsup  na d  

pop  esu  rof  kcats  noitalupinam  nac  eb  ,neddih  yb  iralced ng ps  dna  otlav  eb  ts at .ci  ehT  ex  lanret  

citats  noitaralced  si  tsom  netfo  desu  rof  ,selbairav  tub  ti  nac  eb  lppa i de  ot  cnuf ti no s sa  ew ll  .  

,yllamroN  noitcnuf  seman  era  ,labolg  elbisiv  ot  any trap  fo  eht  eritne  p .margor  fI  a noitcnuf   si  

deralced  ,citats  ewoh v ,re  sti  eman  si  elbisivni  edistuo  fo  eht  elif  ni  hcihw  ti  is ced lar de .  

ehT  citats  noitaralced  nac  osla  eb  deilppa  ot  lanretni  rav i ba l se . lanretnI  citats  selbairav  era  acol l  

ot  a ralucitrap  noitcnuf  tsuj  sa  citamotua  selbairav  ,era  tub  ekilnu  ,scitamotua  yeht  niamer  in  

ex ecnetsi  rehtar  naht  co gnim  dna  iog ng hcae  ti em  eht  noitcnuf  si  tca i av t .de  sihT  snaem   taht  

lanretni  citats  bairav l se  edivorp  ,etavirp  p enamre nt egarots  nihtiw  a elgnis  f noitcnu .  
 
 

retsigeR  selbairaV   

A retsiger  d noitaralce  ad sesiv  eht  relipmoc  taht  t eh  bairav le ni  noitseuq  iw ll  eb  ivaeh l  y  

desu . ehT  aedi  si  taht  retsiger  selbairav  era  ot  eb  p decal  ni  enihcam  ,sretsiger  hcihw  may user tl  ni   
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rellams  dna  retsaf  rp o rg ma s. tuB  srelipmoc  era  eerf  ot  ongi re eht  ecivda . ehT  retsiger  d lce a ar t oi n  

l skool i  ek  

retsiger  tni   ;x  

retsiger  rahc  ;c   

dna  os  .no  ehT  noitaralcedretsiger  nac  no ly be deilppa  ot  citamotua  selbairav  a dn  ot  eht   lamrof  

sretemarap  fo  a noitcnuf . nI  retal siht  ac s l skool ti ,e i  ek  

retsiger(f  dengisnu  ,m  retsiger  ol ng )n   

{  

retsiger  tni   ;i  

...   

}  

nI  ,ecitcarp  ereht  era  snoitcirtser  no  retsiger  ,selbairav  gnitcelfer  eht  seitilaer  fo  rednu l iy n  g  

rawdrah e. nO ly a wef  selbairav  ni  hcae  uf n noitc  maybe tpek  ni  ,sretsiger  dna  no ly niatrec  t sepy   

era  .dewolla  Ex ssec  retsiger  snoitaralced  era  h ,sselmra  ,revewoh  ecnis  eht  drow  re etsig r is  

derongi  rof  ssecxe  ro  dewollasid  snoitaralced  .  
 
 
 

noitazilaitinI  sah  b nee  m denoitne  ni  issap ng many emit s os  ,raf  ub t wla a sy  hpirep e ar lly ot  mos e  

rehto  cipot . sihT  noitces  sezirammus  emos  fo  eht  ,selur  won  taht  we ah ve id s suc s de  eht  vari uo s  

egarots  .sessalc  nI  eht  ecnesba  of ex ticilp  ,noitazilaitini  ex lanret  and citats  lbairav se  ra e  

deetnaraug  ot  eb  dezilaitini  ot  ;orez  citamotua  na d retsiger  selbairav  ah ve  
 

denifednu  ,.e.i(  )egabrag  laitini  seulav .  
 

ralacS  selbairav  may eb  dezilaitini  nehw  yeht  era  ,denifed  by gniwollof  eht  eman  htiw  na  lauqe s  

ngis  dna  na  :noisserpxe   
 

tni  x = ;1   
 

rahc  atouqs  = '\ '' ;  
 

gnol  day = 001 0L * 60L * 60 2 * L 4 d/sdnocesillim */ ;L a * y /  
 

roF  ex lanret  dna  citats  va ,selbair  eht  rezilaitini  tsum  eb  a tnatsnoc  ex noisserp ; t eh  ni i ilait zat noi  si   

enod  ,ecno  yllanoitpecnoc  erofeb  eht  margorp  snigeb  ex ituce .no  roF  citamotua  dna  etsiger r  
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,selbairav  eht  rezilaitini  si  ton  detcirtser  ot  gnieb  a :tnatsnoc  ti  yam  eb  any ex noisserp  gnivlovni   

suoiverp ly d denife  lav u ,se  neve  noitcnuf  ac sll .  
 

tni  tni(hcraesnib  x, tni  [v ], tni   )n  

{  

tni  l wo  = 0;  

tni  hgih  = n - 1  ;  

 ;dim tni  

...   

}  

o daetsni f  

 tni l ,wo  ,hgih  mid;  

wol  = ;0   

hgih  = n - 1;  
 
nI  ,tceffe  noitazilaitini  fo  citamotua  selbairav  era  tsuj  dnahtrohs  rof  sa si ng m ne t stat stneme .  

hW hci  mrof  ot  referp  si  egral ly rettama  fo  .etsat  eW  evah  lareneg ly desu  ex ticilp   ,stnemngissa  

esuaceb  srezilaitini  ni  snoitaralced  era  redrah  ot  ees  dna  rehtruf  wa ay rf om eht  fotniop  .esu  An  

rra ay may eb  dezilaitini  by gniwollof  sti  noitaralced  htiw  a sil t fo  srezilaitini  en desolc  ni  br eca s  

dna  detarapes  by .sammoc  roF  ,elpmaxe  ot  ezilaitini  na  rra ay da sy  htiw  eht  rebmun  fo  da sy   ni  

hcae   :htnom  
 

tni  [syad ] = { ,13  ,82  ,13  ,03  ,13  ,03  ,13  ,13  ,03  ,13  ,03  13  } 
 

nehW  eht  ezis  fo  eht  rra ay si  ,dettimo  eht  oc relipm  lliw  etupmoc  eht  htgnel  by nuoc ting t  eh  

,srezilaitini  fo  hcihw  ereht  era  21  ni  siht  esac . fI  ereht  era  rewef  srezilaitini  rof  na  rra ay naht  t eh   

deificeps  ,ezis  eht  srehto  lliw  eb  orez  rof  ex lanret , citats  dna  ua tomat ci  vari selba . tI  si  na  rorre  to  

evah  oot  am ny ilaitini ze sr . erehT  si  on  way ot  sp yfice  er p noitite  fo  na  aitini zil ,re  ron  to ni ti ai liz  e  

na  tnemele  ni  eht  elddim  fo  na  rra ay tuohtiw  ppus l iy ng lla  eht  gnidecerp  seulav  sa  llew .  

retcarahC  rra a sy  era  a laiceps  esac  fo  ;noitazilaitini  a rts gni  yam  be desu  daetsni  fo  eht  ecarb s  

dna  sammoc  on tat :noi  
 

rahc  = nrettap  luo" d  ;"  
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si  a dnahtrohs  rof  eht  ol n reg  tub  tnelaviuqe   

 
rahc  ][nrettap  = { ,'o'  ,'u'  ,'l'  ,'d'  '\0' ;}  nI  siht  ,esac  eht  rra ay ezis  si  evif  ruof(  sretcarahc  sulp   eht  

gnitanimret  '\ )'0  .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
De tp .	 ,ESI	fo 	 TIBJS 	 	18	egaP



 
S ataD dna C ni gnimmargorP t utcur r se  31DCP51   

 
 
 

ELUDOM - VI   
 

nemeganaM eliF dna serutcurtS  st  

 
rrA ay si  esu d ot  tneserper  a puorg  fo  d ata  smeti  taht  sgnoleb  ot  s ema  atad -typ ,e  hcus  sa  ni t or  

taolf . ,revewoH  fi  ew  tnaw  ot  tneserper  a tcelloc i no  fo  atad  smeti  fo  tnereffid  atad -t sepy  su ing  a  

elgnis  ,eman  neht  we tonnac  esu  na  rra a .y  roF  t tah  C stroppus  detcurtsnoc  atad  type nwonk  as  

rutcurts e.  

A“  erutcurts  si  a us de -d denife  ad ta t ,epy  hw i hc  sniatnoc  puorg  fo  elpitlum  effid r tne  atad  typ  e  

detaler  ”.elbairav   

eW  nac  enifed  eht  erutcurts  by iwollof ng :tamrof  

urts tc  an_gat me {  

epytatad  e ;1_tnemel   

epytatad  ;2_tnemele   

… 

epytatad  ;n_tnemele   

}  ;  
 
 
nI  evoba  s ,xatny  ’tcurts‘  yek w dro  seralced  a erutcurts  sdloh  elpitlum  tnereffid  atad  t epy  elbairav .  

esehT  selbairav  era  nwonk  sa  t eh  curts t ru e tnemele s ro  em m eb rs of rutcurts e. hcaE  ebmem r  

yam  evah  emas  ro  id f tneref  atad  type. The an me fo  eht  rts u rutc e si  wonk n sa  emangat . nI  evoba   

tamrof  ereht  si  n  o any d noitaralce  si  am de tub  ti  d senife  no ly the format of st cur t eru  v lbaira e os  i  t  

si  sa nwonk  rutcurts e et m talp e. erutcurtS  elbairav  c na  eb  ced l dera  sa  gniwollof  wa :y  
 
 

tcurts  eman_gat  ,1_elbairav  rav i ba l ,2_e  … , vari ba l n_e ;  
 
 
.e g. rts u tc  tneduts  { //  erutcurts  talpmet  e  

 ;onllor tni  

rahc  ;]001[eman   

rahc  001[sserdda ];  
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}  ;  
 

tcurts  tneduts  3s,2s,1s ; //  erutcurts  ced l oitara  n  
 
 
tI  si  osla  swolla  htob  rts u erutc  alced r noita  dna  tem alp te rc e ta i no  ni  eno  ts a et nem t  :  

tcurts  _gat n ema  {  

tatad y ep  ;1_rebmem   

tatad y ep  ;2_rebmem   

tatad y ep  ;3_rebmem   

… 

tatad y ep  ;n_rebmem   

} ,1_elbairav  ,2_elbairav  3_elbairav  ;  
 
 

ereH  htob  eht  ,ksat  one si  erutcurts  etalpmet  fed i noitin  dna  elbairav  noitaralced  si  edam  ni   eno  

nemetats t. ,’1_elbairav‘  ,’2_elbairav‘  rav‘ i ’3_elba  era  erutcurts  elbairav  retfa  oitaralced n.  

gniruD  gninifed  erutcurts  ew  evah  ot  redisnoc  gniwollof  :stniop  

1. ehT  erutcurts  t etalpme  si  detanimret  htiw  nolocimes  );(  ;  

2. gniruD  rts u erutc  etalpmet  ,noitinifed  on  any m yrome  lo noitac  si  edam  rof  rutcurts e  

stnemele .  

3. ehT  latot  ezis  fo  rts erutcu  elbairav  si  lauqe  ot  mus  fo  laudividni  ezis  fo   erutcurts  

stnemele .  

eW  nac  enifed  rts u erutc  tuo  fo  any noitcnuf  ro  edisni  tcnuf i no . nehW  ew  enifed  utcurts re tuo  of  

yna  noitcnuf  eht  erutcurts  noitinifed  si  labolg  dna  nac  eb  desu  by any rehto  nuf noitc .  
 

 daer dna ,tnirp ,tnemngissa rof stnemele erutcurts gnisseccA  
eW  ac n cca e ss  rts uct ru e ele m tne s by gnisu  em m eb r tarepo ro  .‘ ’, ihw ch osla  wonk n  

 sa rotarepotod  or irep do  otarepo r  .  

.e g. rts u tc  tneduts  {  erutcurts // tem alp et   

 ;onllor tni  

rahc  ;]001[eman   

rahc  001[sserdda ];  
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}  ;  
 
 

tcurts  tneduts  ;1s  //  erutcurts  noitaralced   
 
 

(niam   ) {  

onllor.1s  = 1;  

ypcrts  ,eman.1s(  ;)”lalitnahS“   

ypcrts  ,sserdda.1s(  )”dabademhA“ ;  

}  
 
 

ereH  ew  evah  ssa i ng  eht  ,onllor  ,eman  dna  erdda ss fo  tneduts  by isu ng tod  rotarepo . ralimiS ly ew   

nac  daer  erutcurts  stnemele  dna  tnirp  ti .  
 
 

“(fnacs  ,”d%  ;)onllor.1s&   

“(fancs  ,”s%  ;)eman.1s   

“(ftnirp  d% \ ,”n  1s . ;)onllor   

nirp “(ft  s% \ ,”n  )eman.1s ;  
 
 

noitazilaitinI  fo  :erutcurts  -  

eW  nac  ezilaitini  erutcurts  sa  ekil  sa  rra ay by iceps f gniy  tsil  fo  seulav  ni  ylruc  .tekcarb  T  eh  

tamrof  fo  noitazilaitini  i :s   

tcurts  _elbairav 1= { tsil  fo  seulav  detarapes  by co amm  ;}   

.e g. ts ru tc  tneduts  {  erutcurts // tem alp et   

 ;onllor tni  

rahc  ;]001[eman   

rahc  001[sserdda ];  

}  ;  
 

(niam   ) {  
tcurts  tneduts  ,”lalitnahS”,1{=1s  ”dabademhA“  ;}  //  noitazilaitinI   

}  
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nI  evoba  elpmaxe  ew  evah  dezilaitini  eht  erutcurts  stnemele  by es p itara ng htiw  ammoc  ni  ruc ly  

arb cket. eW  ssa i deng  val seu  ,1  ,lalitnahS  dabademhA  ot  ,onllor  ,eman  dna  sserdda  evitcepser ly.  

tuB  ew  tonnac  ezilaitini  eht  erutcurts  el neme t ud ir gn  utcurts re fed i tin i no  .  

.e g. rts u tc  tneduts   {  

tni  ;0=onllor  //  seviG  noitalipmoc  orre r  

}  

NA SI C dradnats  swolla  eht  i tin ia zil a it no  fo  auto egarots  ssalc  v elbaira  but non  NA SI oc m elip r  

swolla  no ly noitazilaitini  fo  itats c dna  nretxe  egarots  cl ssa  av bair l .e  oS  for aht t we m tsu  rw it  e  

citats  ro  ex nret  erofeb  noitaralced  .  

citats  tcurts  _elbairav 1= { tsil  fo  seulav  apes r deta  by moc ma };  

//  roF  non  NA S oc I m lip e  r  
 
 

 yarrA o erutcurtS f   
sA  ew  nwonk  taht  rts u erutc  si  a puorg  fo  detaler  effid r tne  atad  t epy  var bai l .se  emitemoS s  ew  

deen  elpitlum  rav i selba  fo  erutcurts  of r taht  ew  nac  esu  eht  rra ay fo  rts uct .eru  roF  elpmaxe  we  

evah  rts u erutc  fo  eduts nt. eW  tnaw  eht  tsil  fo  st nedu ts fo  eritne  alc ss but eht  no e rav i elba  of  

erutcurts  nac  tneserper  no ly eno  .tneduts  oS  ot  erper s tne  eritne  cl ssa  elbairav  ew  ah ve ot   esu  

rra ay of tneduts  erutcurts .  

eW  nac  eralced  eht  yarra  fo  erutcurts  sa  pmis ly sa  rehto  d ata  t epy  rra ay. dnA  emas  way ot  ehto  r  

atad  yt pe ew  nac  esu  siht  elbairav  htiw  eht  tpircsbus .  

ts tcur  ;]ezis[emanyarra   

.e g. rts u tc  tneduts  {  erutcurts // tem alp et   

 ;onllor tni  

rahc  ;]001[eman   

rahc  001[sserdda ];  

}  ;  
 

(niam   ) {  
tcurts  tneduts  ;]01[s   

tni  i;  

retnE“(ftnirp  01  tneduts  atad  : \n )” ;  
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0=i(rof  ; 01 < i ;  i ++) {  

,”d%“(fnacs  ;)onllor.]i[s&   

,”s%“(fnacs  ;)eman.]i[s   

,”s%“(fnacs  ;)sserdda.]i[s   

}  

}  
 
 

eW  nac  ezilaitini  eht  yarra  fo  rts u erutc  sa  ekil  sa  t eh  owt  lanoisnemid  ra ray  :  

tcurts  urts manerutc e anelbairav m ezis[e  ] = tsil{{  fo  seulav  fo  1 ts  emele nt  ,}  

tsil{  fo  seulav  fo  2 dn  elem ne t} , ….  }  

.e g. rts u tc  tneduts  s[ ]2  = ,1{{  ,”lalitnahS“  abademhA“ d ,}”  ,2{  B”,”ijluM“ h ada r }}”a ;  
 
 

D erutcurtS ata  epyT  

tcejbO  stpenoc  saw  ired v de  morf  utcurtS er  ecnoc pt. uoY  nac  eveihca  wef  o tcejb  detneiro  slaog   
gnisu  C erutcurts  tub  ti  si  ev r oc y mplex.  

 
gniwolloF  si  eht  ex lpma e woh  ot  enifed  a stru rutc e.  

 
tcurts  tneduts   {  

 
rahc  tsrif N 02[ema ];  
rahc  ;]02[emaNtsal   
rahc  NSS [ ;]9   
taolf  gpa;  

}  ;  
woN  uoy  evah  a wen  atad t epy  dellac  tneduts  dna  uoy  nac  esu  siht  atad t epy  enifed  ruoy  v selbaira   

fo  tneduts  :epyt   
tcurts  tneduts  ,a_tneduts  ;b_tneduts  ro  na  rra ay fo  stneduts  sa   

 
tcurts  tneduts  ;]05[stneduts   

 
rehtonA  way ot  eralced  t eh  emas  gniht  si  :  

 
 { tcurts  

rahc  tsrif N 02[ema ];  
rahc  ;]02[emaNtsal   
rahc  NSS [ ;]01   
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taolf  gpa;  

} ,a_tneduts  b_tneduts  ;  

 
llA  eht  selbairav  edisni  na  erutcurts  lliw  eb  secca s de  gnisu  eht se seulav  a  s  

a_tneduts lliwemaNtsrif.  evig  eulav  fo  tsrif N ema  v elbaira . ralimiS ly ew  ac  n sseccqa  rehto   
lbairav es  .  
NSS  :  4323332  
APG   :  02.9002  

 
 

oitinifeD epyT n  

erehT  si  na  reisae  way ot  ro stcurts enifed  uoy  aila" dluoc s  " t sepy  etaerc uoy .  :elpmaxe roF  

fedepyt  {tcurts   

ahc r ;]02[emaNtsrif   

rahc  tsal N 02[ema ];  

S rahc SN[ 01 ]  ;  

taolf  gp ;a   

;tneduts}   

woN  uoy  nac  esu  uts d tne  tcerid ly ot  enifed  v selbaira  fo  tneduts  type tuohtiw  gnisu   tcurts  

ek y drow . gniwolloF  si  the ex :elpma   

tneduts  ;a_tneduts   

uoY  nac  esu  t fedepy  rof  non - curts :st   

t epy d fe  ol ng tni  ;23tnip*   

,x 23tnip   ;z ,y  

x, y dna  z era  retniop lla  s ot  gnol  stni .  
 

isolC dna gninepO gninifeD n lif fo g e  s  
 

nehW  issecca ng selif  hguorht  ,C  eht  fi tsr  issecen ty si  ot  ah ve a way ot  ca cess t eh  if l se . For C liF e  

/I O uoy  deen  ot  esu  a ELIF  ,retniop  cihw h lliw  tel  eht  rp o marg  ke pe  t kcar  of t eh  file ieb n  g  

ssecca ed. roF  Ex :elpma   

ELIF   ;pf*  
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oT  nepo  a elif  oy u een d ot  esu  eht  nepof  itcnuf o ,n  hcihw  r snrute  a F LI E .retniop  ecnO   ev'uoy  

denepo  a ,elif  uoy  ac n esu  eht  ELIF  retniop  ot  tel  eht  oc m relip  p re f mro  upni t dna  uptuo t  

snoitcnuf  no  eht  fi el  .  
 
 

ELIF  tsnoc(nepof*  rahc  ,emanelif*  tsnoc  rahc  *m ;)edo   
 

ereH  emanelif  si  gnirts  laretil  hcihw  uoy  lliw  esu  ot  an em  ruoy  elif  dna  edom  nac  ah ve eno  fo  ht e  

gniwollof  eulav s  

w - nepo  for gnitirw  elif(  deen  ton  ex  )tsi  

a - nepo  for gnidneppa  elif(  deen  ton  ex )tsi   

+r  - nepo  rof  r idae ng na d ,gnitirw  trats   ta eb  gninnig  

+w  - nepo  rof  idaer ng and gnitirw  o( v etirwre  )elif   

+a  - nepo  rof  idaer ng na  d elif fi dneppa( gnitirw  exi  )sts  

etoN  taht  s'ti  elbissop  rof  nepof  ot  f lia  neve  fi  y uo r rp o marg  si  p tcefre ly co :tcerr  uoy  mi thg  try  ot  

nepo  a elif  sp deifice  by t eh  ,resu  dna  taht  elif  mi thg  ton  ex tsi  ro(  ti  thgim  eb  etirw -p etor cted).  nI  

esoht  ,sesac  of p ne  lliw  nruter  ,0  eht  LLUN  niop ter.  
 
 

s'ereH  a elpmis  ex elpma  fo  gnisu  of p ne :  

ELIF   ;pf*  

,"txt.tset/tniopslairotut/emoh/"(nepof=pf  ;)"r"   
 
 

sihT  edoc  lliw  op ne  tset .txt rof  daer ing in et xt .edom  oT  op ne  a elif  ni  a anib ry edom  oy u m su t  

dda  a b ot  eht  dne  fo  eht  edom  ;gnirts  rof  ex ,elpma  r" b" rof(  eht  idaer ng and gnitirw  edom s, oy u  

nac  b eht dda  retfa rehtie   ngis sulp eht - +r" b" - ro  erofeb  -  )"+br"  

oT  esolc  a uf n noitc  uoy  nac  esu  uf eht n tc i  :no  

tni  (esolcf F ELI  )elif_a*  ;  

lcf eso  ter u snr  orez  fi  eht  elif  si  desolc  lufsseccus ly.  

nA  ex elpma  fo  esolcf  si  :  

 ;)pf(esolcf  

oT  krow  htiw  et xt tupni  dna  ,tuptuo  uoy  use irpf n ft  dna  ,fnacsf  htob  fo  whi hc  ra e si ralim  to  rieht  

sdneirf  ftnirp  dna  s fnac  ex tpec  taht  uoy  tsum  ssap  eht  ELIF  iop tn er sa  fi sr t ar tnemug .  
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yrT  tuo  f gniwollo  ex ma lp e  :  

edulcni#  h.oidts< >  

)(niam   

{  

ELIF   ;pf*  

pf  = ,"txt.tset/pmt/"(nepof  )"w" ;  

,pf(ftnirpf  sihT"  si  gnitset .. .\ )"n ;  

f(esolcf  ;);p  

}  

sihT  lliw  etaerc  a elif  set t t. xt ni  pmt/  yrotcerid  dna  lliw  etirw  sihT  si  et ts gni  in taht  f li e.  

ereH  si  na  ex elpma  hcihw  lliw  eb   daer ot desu lin se  orf  m a fi el :  

edulcni#  h.oidts< >  

)(niam   

{  

ELIF   ;pf*  

rahc  ub f ;]02[ref   

pf  = xt.tset/pmt/"(nepof ,"t  ;)"r"   

,pf(fnacsf  ,"s%"  ;)reffub   

daeR"(ftnirp  :reffuB  s% \ ,"n  reffub%  );  

 ;);pf(esolcf  

}  

tI  is osla  elbissop  ot  aer d ro(  )etirw  a is n lg e hc a retcar  ta  a t emi -- th si  c na  be ufesu l if uoy  hsiw   ot  

mrofrep  carahc t re -by- retcarahc  tupni . The ctegf  f ,noitcnu  hcihw  at k se  a fi el  ,retniop  dna  ret nru  s  

na  ,tni  lliw  tel  uoy  daer  a c elgnis h retcara  f a morf i  :el  

tni  ctegf  ELIF(  )pf* ;  

ehT  ctegf  snruter  na  tni . tahW  siht  lautca ly m nae s si  taht  nehw  ti  sdaer  a lamron  retcarahc  ni   eht  

,elif  ti  lliw  nruter  a eulav  ius elbat  rof  gnirots  ni  na  dengisnu  ch ra  lacisab( l ,y  a rebmun  in t  eh  

ar n eg  0 ot  52 5 .)  On eht  rehto  h ,dna  wh ne  oy u er'  ta  the very dne  fo  eht  ,elif  oy u ac n't teg   a  

retcarahc  lav ue -- ni  siht  ,esac  f eg tc lliw  nruter  ,"FOE"  hcihw  si  a tantsnoc  aht t dni i setac  t tah   

oy u ev'  dehcaer  eht  o dne f elif eht .  
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ehT  ctupf  uf n noitc  swolla  uoy  ot  etirw  a ch retcara  ta  a emit -- uoy  thgim  dnif  siht  lufesu  fi  oy u  

detnaw  ot  ypoc  a elif  retcarahc  yb  hc retcara . tI  ol o sk  ekil  thi :s   

tni  (ctupf   ELIF ,c tni * pf   ;)  
 
 

etoN  taht  eht  tsrif  gra u tnem  dluohs  eb  ni  eht  egnar  fo  na  snu i deng  ch ra  os  taht  ti  si  a av li  d  

tcarahc er. ehT  noces d tnemugra  is eht  if le to w etir  t .o  On ,sseccus  upf tc liw l nruter  ht e av lue c,  

dna  no  lliw ti ,eruliaf  er tu nr  FOE  .  

aniB ry I/  O  

erehT  era  gniwollof  owt  snoitcnuf  hcihw  lliw  eb  u des  rof  anib ry tupni  dna   :tuptuo  

t_ezis  diov(daerf  ,rtp*  t_ezis  ele_fo_ezis m ne t ,s   

t_ezis  ele_fo_rebmun m ,stne  LIF E )elif_a*  ;  
 
 

t_ezis  tsnoc(etirwf  diov  p* ,rt  t_ezis  ele_fo_ezis em tn s,  

t_ezis  ele_fo_rebmun m ,stne  LIF E )elif_a*  ;  
 
 

htoB  fo  eseht  snoitcnuf  laed  htiw  skcolb  fo  seiromem  - lausu ly rra ays. esuaceB  yeht   tpecca  

,sretniop  oy  u ac  n osla  use eseht  snoitcnuf  htiw  ot reh  ad ta ;serutcurts  uoy  nac  eve  n etirw  structs ot   

a elif  a ro  rts daer u omem otni tc ry.  
 

 snoitarepO tuptuO dna tupnI  
tupnI  : nI  any rp o marg m gni  al n egaug  tupni  snaem  ot  deef  emos  atad  otni  .margorp  sihT  nac  be  

evig n ni  eht  mrof  fo  elif  ro  morf  dnammoc  il en . C rp o immarg ng al ngu ega  sedivorp  a es t of iub tl - 

ni  snoitcnuf  ot  daer  evig  n tupni  dna  deef  ti  ot  eht  p argor  m sa  per er q meriu ent.  

tuptuO  : nI  any argorp m gnim  gnal u ega  tuptuo  snaem  ot  yalpsid  emos  ad ta no  ,neercs  retnirp   ro  

na ni y elif . C rp o mmarg i gn  al ngu ega  sedivorp  a s te  fo  tliub - ni  cnuf snoit  to uptuo t uqer i der  ad ta.  

ereH  ew  lliw  ssucsid  no ly one tupni  noitcnuf  dna  eno  tuptup  noitcnuf  tsuj  ot  dnatsrednu   eht  

gninaem  of tupni  dna  uptuo t. tseR  fo  eht  snoitcnuf  era  nevig   otni  C - liuB t- ni  noitcnuF s  

)(ftnirp  oitcnuf  n  

sihT  si  eno  fo  eht  som t tneuqerf ly desu  uf n snoitc  ni  C rof  uo t .tup  ( ew  lliw  ssucsid  tahw   si  

noitcnuf  ni  tneuqesbus  retpahc . ).  

yrT  gniwollof  pro marg  to dnatsrednu  ftnirp () uf n noitc .  
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edulcni#  s< t h.oid  >  

(niam )  

 {  

tni  ced  = 5;  

rahc  ][rts  =  ;"cba"  

rahc  hc  =  ;'s'  

taolf  ip  = ;41.3   

d%"(ftnirp  s%  f%  c% \n ,"  ,rts ,ced  ,ip  )hc ;  

 }  

ehT   fo tuptuo t eh  evoba  uow ld eb :  

000041.3 cba 5  c  

ereH  d%  si  gnieb  desu  to tnirp  na  ,regetni  s%  si  gnieb  otdesu  tnirp  a ,gnirts  f%  si  gnieb  desu   ot  

tnirp  a taolf  dna  %c ot desu gnieb si  rp in  t a ahc ra tc re .  

A etelpmoc  s atny  x fo  )(ftnirp  noitcnuf  si  nevig  ni  C - tliuB - ni  noitcnuF s  

)(fnacs  oitcnuf n  

sihT  si  eht  noitcnuf  hcihw  nac  eb  desu  to ot  r dae  an i tupn  morf  eht  ammoc nd l eni .  
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M DO U  V EL  

ossecorP erP dna sretnioP r  s  
sretnioP  ni  C era  ae sy dna  nuf  ot  el a .nr  emoS  C gnimmargorp  sksat  era  emrofrep d erom  isae ly  

htiw  niop ,sret  dna  rehto  t ,sksa  hcus  sa  d cimany  m yrome  ,noitacolla  tonnac  eb  demrofrep  tuohtiw   

gnisu  sretniop . oS  ti  semoceb  assecen ry ot  rael n sretniop  ot  emoceb  a tcefrep  C remmargorp .  

eL t s'  trats  le inra ng eht m ni  elpmis  dna  ae sy ets ps. sA  uoy  ,wonk  eve ry airav elb  si  a omem r  y  

noitacol  dna  eve ry yromem  noitacol  sah  sti  sserdda  denifed  hcihw  nac  eb  dessecca   gnisu  

dnasrepma  )&(  ,rotarepo  hcihw  setoned  na  erdda ss ni  omem ry. redisnoC  t eh  gniwollof  ex ,elpma   

hcihw  lliw  tnirp  eht  sserdda  fo  eht  rav i selba  ifed n de  :  
 
 

edulcni#  h.oidts< >  

tni  niam  )(   

{  

ni t  ;1rav  

rahc  ;]01[2rav   

sserddA"(ftnirp  fo  1rav  :elbairav  %x\ ,"n  1rav&  ;)   

sserddA"(ftnirp  fo  2rav  :elbairav  %x\ ,"n  2rav&  ;)   

0 nruter ;  

}  

 

nehW  eht  evoba  oc de si  delipmoc  dna  ex ,detuce  it secudorp  tluser  htemos i gn  as of ll swo  :  

sserddA  fo  1rav  rav i elba : 04a5ffb  0  

sserddA  fo  2rav  rav i elba  : f3a5ffb  6  

oS  uoy  dootsrednu  wh ta  si  yromem  ad sserd  na d h wo  ot  ssecca  ,ti  os  esab  fo  eht  noc c tpe  si  revo .  

woN  tel  su  ees  wh ta  si  a niop t re .  

tahW  erA  ?sretnioP   
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A retniop  si  a elbairav  esohw  eulav  si  eht  serdda s fo  rehtona  bairav l ,e  .e.i , tcerid  serdda s fo  t  eh  

yromem  noitacol . ekiL  any v elbaira  or ,tnatsnoc  uoy  tsum  eralced  a retniop  erofeb  uoy  nac  esu  it  

ot  erots  any bairav le sserdda . ehT  lareneg  mrof  fo  a retniop  rav i elba  ced l noitara  :si   

t epy  rav* - eman  ;  

,ereH  t epy  si  eht  s'retniop  esab  typ ;e  ti  tsum  eb  a dilav  C atad  t epy  dna  rav - eman  si  eht  an me fo   

eht  retniop  elbairav . ehT  ksiretsa  * oy u esu d ot  eralced  a retniop  si  the as me sa et ir sk taht  oy u su e  

rof  lpitlum i noitac . ,revewoH  ni  siht  etats m tne  eht  ksiretsa  si  ieb ng us de  ot  angised te a rav i elba  as  

etniop a r. iwolloF ng era  t eh  dilav  retniop  ced l tara i :no   

ni t ;pi*  */  retniop  ot   /* regetni na  

lbuod e pd* ; */   retniop to a elbuod   /*  

taolf  ;pf*  a ot retniop */  fl ao  t */  

ahc r c* h */  retniop  ot  a ahc r ca et r */  

ehT  lautca  atad  t epy  fo  eht  eulav  fo  lla  ,sretniop  rehtehw  ,regetni  lf o ,ta  carahc t ,re  ro  ,esiwrehto  is  

eht  ,emas  a gnol  hex lamiceda  rebmun  taht  r stneserpe  a yromem  sserdda . ehT  ylno  ereffid nce  

eewteb n sretniop  of tnereffid  d ata  typ se  si  eht  atad  t epy  of eht  v ra i ba le or snoc t na t th ta  t  eh  

niop t re  stniop  ot .  

woH  ot  esu  P nio t sre ?  

erehT  era  wef  tnatropmi  ,snoitarepo  cihw h ew  iw ll od  htiw  the eh lp of op int sre  very f tneuqer ly.  

)a(  ew  ifed ne a retniop  elbairav  (b) ssa i ng  eht  sserdda  fo  a v elbaira  ot  a retniop  dna  (c) lanif l  y  

ssecca  eht  eulav  ta  eht  sserdda  av elbalia  ni  eht  retniop  .elbairav  sihT  si  enod  by isu ng anu r  y  

rotarepo  * taht  snruter  eht  ulav e fo  eht  elbairav  detacol  ta  eht  sserdda  ps e deific  by sti  dnarepo .  

gniwolloF  ex elpma  sekam  esu  fo  eseht  :snoitarepo   

edulcni#  h.oidts< >  

tni  niam  )(   

{  

tni  rav  = 02 ; */  autca l elbairav  noitaralced  *  /  

ni t ;pi*  */  retniop  elbairav  noitaralced  /*   

pi  = av& ;r  */  erots  da d sser  fo  var ni  niop t re  rav i  /*elba  

sserddA"(ftnirp  fo  rav  :elbairav  %x\ ,"n  rav&  ;)   

*/  sserdda  derots  op ni int re  rav i ba le  /*  

sserddA"(ftnirp  derots  ni  pi  :elbairav  %x\ ,"n  pi  ;)   
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*/  ssecca  eht  v eula  isu n eht g  op i retn  */  

eulaV"(ftnirp  fo  pi*  v :elbaira  %d\ ,"n  pi*  );  

0 nruter ;  

}  

nehW  eht  evoba  oc de si  delipmoc  dna  ex ,detuce  it secudorp  tluser  htemos i gn  as of ll swo  :  
 
 

sserddA  fo  rav  rav i :elba  c3b8dffb   

sserddA  ots der  ni  pi  rav i :elba  c3b8dffb   

eulaV  rav pi* fo i ba le  : 20  

LLUN  sretnioP  in C  

tI  si  wla a sy  a doog  ecitcarp  ot  ngissa  a LLUN  v eula  ot  a retniop  elbairav  ni  esac  uoy  od  ton  vah e  

tcaxe  sserdda  ot  eb  .dengissa  sihT  si  enod  ta  eht  emit  fo  elbairav  alced rati .no  A retniop  taht   si  

dengissa  LLUN  si  dellac  a llun  niop t re .  

ehT  LLUN  retniop  si  a tnatsnoc  htiw  a eulav  fo  orez  denifed  ni  es ve lar  dradnats  rbil a .seir   

redisnoC  eht  gniwollof  p margor :  

edulcni#  h.oidts< >  

tni  niam  )(   

{  

tni  LLUN = rtp* ;  

T"(ftnirp h eulav e  o rtp f  : si  %x\ ,"n  ptr );  

nruter  0;  

}  

nehW  eht  evoba  oc de si  delipmoc  dna  ex ,detuce  it secudorp  eht  lof l wo ing luser  :t  

ehT  si rtp fo eulav  0  

nO  tsom  fo  eht  op itare ng s ,smetsy  pro smarg  era  ton  dettimrep  ot  ssecca  omem ry at serdda s 0  

esuaceb  taht  omem ry si  reser v de  by eht  itarepo ng s .metsy  ,revewoH  eht  yromem  sserdda  0 h  sa  

laiceps  ;ecnacifingis  ti  slangis  taht  eht  retniop  si  ton  dednetni  ot  tniop  ot  na  ca c elbisse  memor  y  

oitacol n. tuB  by nevnoc t ,noi  fi  a retniop  niatnoc s eht  llun  )orez(  v ,eula  it is sa demus  to niop t  ot  

gnihton  .  

oT  kcehc  rof  a llun  retniop  uoy  nac  use na  ats fi t tneme  sa  lof l swo :  

fi ( tp r) */  sdeeccus  p fi  is on  t llun   /*  
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(fi ! rtp ) */  sdeeccus  fi  p si  un ll /*   

C retnioP s in eD ta li :  

sretnioP  evah  ynam  tub  ae sy stpecnoc  dna  ht ey era  ev ry tnatropmi  ot  C gorp r gnimma . erehT   era  

gniwollof  wef  tnatropmi  retniop  stpecnoc  hw i hc  dluohs  eb  raelc  ot  a C rp o remmarg :  

 
 
 

pecnoC t noitpircseD   

C - retnioP  citemhtira  erehT  ra e ruof  citemhtira  srotarepo  taht  nac  eb  us de  no  :sretniop  ,++  -- , +,  

- 

C - rrA ay of retniop s uoY  nac  enifed  rra a sy  ot  dloh  a rebmun  fo  etniop rs.  

C - retnioP  ot  retniop  C swolla  uoy  ot  evah  op i retn  no  a niop t re  dna  os  no .  

gnissaP  sretniop  ot  tcnuf i no i s n C gnissaP  an tnemugra  by ecnerefer  ro  by da d sser  bo ht  lbane  e  

eht  dessap  tnemugra  ot  eb  ahc n deg  ni  eht  illac ng noitcnuf  by eht  dellac  uf nct noi .  

nruteR  retniop  morf  uf n itc no i s n C C swolla  a noitcnuf  ot  nruter  a retniop  to acol l elbairav ,  

citats  elbairav  dna  d lacimany ly detacolla  yromem  sa  llew .  
 
 

 stnemugra lanoitcnuf dna sretnioP  
 

enO  fo  eht  tseb  sgniht  tuoba  sretniop  si  taht  yeht  wolla  uf n snoitc  ot  retla  selbairav  edistuo  of  

ereht  nwo  ocs p .e  By gnissap  a retniop  ot  a uf n noitc  uoy  nac  wolla  taht  nuf ct noi  to daer  na d  

w ir et  ot  eht  atad  erots d in t ah t bairav le. Say uoy  tnaw  ot  etirw  a noitcnuf  t tah  spaws  ht e av l seu  fo   

owt  selbairav . tuohtiW  sretniop  siht  dluow  eb  lacitcarp ly ,elbissopmi  eh er 's woh  uoy  od  it  htiw  

niop t :sre  

 
elpmaxE  i_paws nts c.   

 
edulcni#  h.oidts< >  

 
tni  tni(stni_paws  ,rebmun_tsrif*  tni  un_dnoces* m )reb  ;  

 
ni  t  

)(niam   
{  

tni  a = ,4  b = 7;  
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erp"(ftnirp - paws  seulav  :era  a ==  ,d%  b ==  %d\n ,"  ,a  b  )  

 
,a&(stni_paws  &b ;)   

 
tsop"(ftnirp -sw pa  seulav  :era  a ==  ,d%  b % == d\ ,a ,"n  )b   

 
0 nruter ;  

}  
 
ni  t  

tni(stni_paws  ,rebmun_tsrif*  tni  un_dnoces* m eb r)  
{  

tni  et m ;p   
 

*/  pmet  = w" h ta  si  detniop  ot  b "y  fir ts bmun_ er e ; ct ...   /*  
pmet  = tsrif* rebmun_  ;  

rebmun_tsrif*  = s* e oc n ;rebmun_d   
rebmun_dnoces*  = et mp  ;  

 
0 nruter ;  

}  
 

sA  uoy  nac  ,ees  eht  f noitcnu  noitaralced   fo (stni_paws ) sllet  CCG  ot  ex tcep  owt  niop t re s  

serdda( s fo  v elbaira s). A ,osl  eht  sserdda -of epo r rota  (&) si  esu d ot  sap s t eh  dda r sse  of t eh  wt o  

selbairav  rehtar  naht  rieht  seulav . aws p (stni_ ) sdaer neht   
 
 

ra dna sretnioP r  sya  
enO  fo  eht  tseb  sgniht  tuoba  sretniop  si  taht  yeht  wolla  uf n snoitc  ot  retla  selbairav  edistuo  of  

ereht  nwo  ocs p .e  By gnissap  a retniop  ot  a fun noitc  uoy  nac  wolla  taht  cnuf t noi  to daer  na d  

w ir et  ot  eht  atad  erots d in t ah t bairav le. Say uoy  tnaw  ot  etirw  a noitcnuf  t tah  spaws  ht e av l seu  fo   

owt  selbairav . tuohtiW  sretniop  siht  dluow  eb  lacitcarp ly ,elbissopmi  eh er 's woh  uoy  od  it  htiw  

niop t :sre  

elpmaxE  5-2. sw _pa ni .st c  

edulcni#  h.oidts< >  

tni  tni(stni_paws  ,rebmun_tsrif*  tni  un_dnoces* m )reb  ;  

ni  t  

)(niam   

{  
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tni  a = ,4  b = 7;  

erp"(ftnirp - paws  seulav  ra :e  a ==  ,d%  b ==  %d\n ,"  ,a  b  )  

,a&(stni_paws  &b ;)   

tsop"(ftnirp -sw pa  seulav  :era  a ==  ,d%  b % == d\ ,a ,"n  )b   

0 nruter ;  

}  

tnI  tni(stni_paws  ,rebmun_tsrif*  tni  un_dnoces* m reb )  

{  

tni  et m ;p   

*/  pmet  = w" h ta  si  detniop  ot  b "y  fir ts bmun_ er e ; ct ...  /*   

pmet  = rebmun_tsrif*  ;  

rebmun_tsrif*  = s* e oc n ;rebmun_d   

rebmun_dnoces*  = et mp  ;  

nruter   ;0 }  
 
 

sA  uoy  nac  ,ees  eht  f noitcnu  noitaralced   fo (stni_paws ) sllet  CCG  ot  ex tcep  owt  niop t re s  

serdda( s fo  v elbaira s). A ,osl  eht  sserdda -of epo r rota  (&) is esu d ot  sap s t eh  dda r sse  of t eh  wt o  

selbairav  rehtar  naht  rieht  seulav . aws p (stni_ ) sdaer neht   
 

 citemhtirA sserddA  
C retniop  si  na  serdda s, hcihw  si  a un m re ic v .eula  ,eroferehT  oy u nac  frep o mr  itemhtira c  

snoitarepo  no  a retniop  tsuj  sa  uoy  nac  a n ciremu  av l eu . erehT  era  of ur ra i citemht  srotarepo  taht   

nac  eb   desu o  ,++ :sretniop n -- , ,+  dna  -  

oT  natsrednu d retniop  ra i ,citemht  tel  su  redisnoc  t tah  rtp  si  an i tn e eg r niop t re  cihw h op in st  to t eh   

sserdda  0001 . gnimussA  23 - tib  ,sregetni  tel  su  mrofrep  eht  gniwollof  citemhtira  noitarepo  no  ht e  

niop t re :  

 ++rtp  

,woN  retfa  eht  oba ve op ,noitare  eht  rtp  lliw  iop nt ot  eht  acol it no  4001  be uac se hcae  ti em  rtp  is  

,detnemercni  ti  lliw  tniop  ot  eht  txen  regetni  noitacol  hcihw  si  4 bytes en xt ot  eht  nerruc t  

acol oit n. sihT  noitarepo  lliw  evom  eht  retniop  ot  en xt yromem  noitacol  wi tuoht  mi tcap i gn  tca ua  l  
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eulav  ta  eht  omem ry lo tac i .no  fI  rtp  stniop  ot  a retcarahc  esohw  da d er ss si  ,0001  neht   evoba  

noitarepo  lliw  tniop  ot  eht  noitacol  1001  esuaceb  en xt retcarahc  lliw  eb  av ia l ba le ta  1001 .  

ercnI m gnitne  a retnioP   

eW  referp  gnisu  a retniop  ni  ruo  margorp  daetsni  fo  na  rra ay esuaceb  eht  elbairav  retniop  nac  b  e  

,detnemercni  ekilnu  eht  rra ay eman  hcihw  tonnac  eb  nemercni t de  esuaceb  it si  a tnatsnoc  niop t re .  

ehT  iwollof ng rp o marg  i stnemercn  eht  rav i elba  p retnio  ot  ssecca  hcae  ideeccus ng tnemele  fo  ht e  

arra y: 

edulcni#  h.oidts< >  

tsnoc  tni  XAM  = 3;  

tni  niam  )(   

{  

tni  rav  ][ = ,01{  ,001   ;}002  

tni  ,i   ;rtp*  

*/  tel  su  evah  rra a da y d  sser in retniop  */  

rtp  = rav ;  

rof   < i ;0 = i ( M XA +i ; +)  

 {  

sserddA"(ftnirp  fo  v ]d%[ra  = %x\n ,"  ,i  ptr );  

eulaV"(ftnirp  fo  v ]d%[ra  = %d\n ,"  ,i  rtp*  );  

*/  evom  ot  en eht xt acol t noi   /*  

 ;++rtp  

 }  

0 nruter ;  

}  

ehW n eht  evoba  oc de si  delipmoc  dna  ex ,detuce  it secudorp  tluser  htemos i gn  as of ll swo  :  

sserddA  fo  rav [ ]0  =  03b288fb  

eulaV  fo  0[rav  ] =  01  

sserddA  fo  rav [ ]1  =  43b288fb  

eulaV  fo  1[rav ] =  001  

sserddA  fo  rav [ ]2  =  83b288fb  

eulaV  fo  2[rav ] =  002  
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gnitnemerceD  a retnioP   

ehT  emas  oitaredisnoc ns ppa ly ot  d itnemerce ng a ,retniop  cihw h rced e sesa  its lav ue by th  e  

rebmun  fo  b sety  fo  sti  atad  t epy  :woleb nwohs sa  

edulcni#  h.oidts< >  

tsnoc  tni  XAM  = 3;  

tni  niam  )(   

{  

tni  rav  ][ = ,01{  ,001   ;}002  

tni  ,i   ;rtp*  

*/  tel  su  evah  rra a da y d  sser in retniop  */  

rtp  & = v XAM[ra -1];  

rof  ( i = ;XAM  i > 0; i--)  

 {  

sserddA"(ftnirp  fo  v ]d%[ra  = %x\n ,"  ,i  ptr );  

eulaV"(ftnirp  fo  v ]d%[ra  = %d\n ,"  ,i  tp* r );  

*/  evom  ot  eht  suoiverp  acol t noi   /*  

rtp -- ;  

 }  

0 nruter ;  

}  

nehW  eht  evoba  oc de si  delipmoc  dna  ex ,detuce  it secudorp  tluser  htemos i gn  as of ll swo  :  

sserddA  fo  rav [ ]3  = 8dcbdefb   

eulaV  fo  3[rav ] =  002  

sserddA  fo  rav [ ]2  = 4dcbdefb   

eulaV  fo  2[rav ] =  001  

sserddA  fo  rav [ ]1  = 0dcbdefb   

eulaV  fo  1[rav  ] =  01  

retnioP  rapmoC i snos   

sretnioP  yam  eb  apmoc r de  by gnisu  er l lanoita  ,srotarepo  cus h sa  ,==  ,<  na d >. fI  1p  dna  2p  niop t  

ot  selbairav  taht  era  detaler  ot  hcae  ,rehto  hcus  sa  stnemele  fo  eht  emas  yarra , neht  1p  dna  2p  ac n  

eb  yllufgninaem  derapmoc .  
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ehT  iwollof ng rp o marg  seifidom  eht  suoiverp  ex elpma  eno  by in tnemerc i gn  eht  bairav le niop t re   

os  gnol  sa  eht  sserdda  to hcihw  it stniop  si  rehtie  l sse  t ah n ro  auqe l to eht  dda ress fo  ht e l sa t  

tnemele  fo  eht  rra a ,y  hcihw  si  rav& [ XAM  -  :]1  

edulcni#  h.oidts< >  

tsnoc  tni  XAM  = 3;  

tni  niam  )(   

{  

tni  rav  ][ = ,01{  ,001   ;}002  

tni  ,i   ;rtp*  

*/  tel  su  evah  sserdda  eht fo  tsrif  ele m ne  t ni  op in ret   /*  

rtp  = rav ;  

i =  ;0  

elihw  ( rtp  =<  &v  XAM[ra - 1  ]  )  

 {  

sserddA"(ftnirp  fo  v ]d%[ra  = %x\n ,"  ,i  ptr );  

eulaV"(ftnirp  fo  v ]d%[ra  = %d\n ,"  ,i  rtp*  );  

*/   tniop to t eh  verp i uo l s taco i no   /*  

 ;++rtp  

;++i   

 }  

0 nruter ;  

}  

nehW  eht  evoba  oc de si  c delipmo  dna  ex ,detuce  it secudorp  tluser  htemos i gn  as of ll swo  :  
 
 

sserddA  fo  rav [ ]0  = 02bcbdfb   

eulaV  fo  0[rav  ] =  01  

sserddA  fo  rav [ ]1  = 42bcbdfb   

eulaV  fo  1[rav ] =  001  

sserddA  fo  rav [ ]2  = 82bcbdfb   

eulaV  fo  2[rav ] =  002  
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hC a oP retcar i  snoitcnuF dna retn  

C tnatsnoC  oP int re  dna  oP i retn  ot   tnatsnoC  

sA  a ,repoleved  oy u hs o dlu  natsrednu d eht  id f ecneref  neewteb  tnatsnoc  p retnio  na d op i retn  to  

natsnoc t.  

noC C ts na  t niop t  re  

A p retnio  si  dias  ot  eb  co tnatsn  retniop  nehw  eht  sserdda  sti  tniop i gn  to ac n on  t eb  ahc n deg  .  

steL  ekat  na  :elpmaxe   

rahc  ,hc  c;  

rtp* rahc  c& = h  

= rtp  &c  

nI  eht  evoba  ex elpma  ew  denifed  owt  sretcarahc  ’hc‘(  dna  )’c‘  dna  a retcarahc  retniop  ’rtp‘ . F  ,tsri  

t eh  retniop  ’rtp‘  deniatnoc  eht  da d sser  fo  c‘ h’ na d ni  eht  en xt enil  ti  noc tai den  eht  sserdda  of ‘ ’c .  

nI  rehto  ,sdrow  ew  nac  yas  taht  laitinI ly ’rtp‘  po detni  ot  ’hc‘  dna  neht  ti  detniop  ot  .’c‘  tuB   ni  

esac  fo  a tnatsnoc  ,retniop  ecno  a retniop  sdloh  na  da ,sserd  ti  tonnac  egnahc  .ti  sihT  naem s  a  

tnatsnoc  ,retniop  fi  aerla dy gnitniop  ot  na  erdda s ,s  tonnac  tniop  ot  a wen  .sserdda  fI  ew  ees   eht  

ex elpma  ,evoba  eht n fi  ’rtp‘  dluow  ah ve b nee  a tnatsnoc  op int ,re  neht  the t drih  enil  uow ld ah ev   

ton  av neeb l di .  

A tnatsnoc  retniop  si  deralced  sa  :  

epyt< - fo - >retniop  tsnoc*  eman< - fo - >retniop   

roF  ex pma le :  

>h.oidts<edulcni#   

tni  ov(niam i )d   

{  

= hc rahc   ;'c'  

rahc  c = ;'a'   

rahc  tsnoc*  rtp  = hc& ; //  snoc A t na  t  retniop  

rtp  = ;c&  //  iyrT ng wen ngissa ot  ot sserdda  a con ts na  t retniop .  !!!!GNORW  

nruter  0;  

}  

nehW  eht  edoc  oba ve si  ,delipmoc  relipmoc  evig  s eht  gniwollof  rorre  :  

$ ccg  - llaW  c.rtptsnoc  -o rtptsnoc   
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:c.rtptsnoc  nI  noitcnuf  :’niam‘   

:9:c.rtptsnoc  :rorre  tnemngissa  fo  daer - ylno  v baira le rtp‘  ’  

oS  ew  ees  taht , sa  ex ,detcep  relipmoc  sworht  na  rorre  ecnis  we t deir  to c egnah  the da d ser s h  dle  

by tnatsnoc  retniop .  

,woN  ew  dluohs  eb  raelc  ht htiw is pecnoc t. no evom steL .  

 
 
 
C nioP ret  ot  C  tnatsno  
 
 

sihT  tpecnoc  si  ae sy ot  dnatsrednu  sa  eht  eman  seifilpmis  eht  .tpecnoc  ,seY  sa  eht  eman  esti lf  

,stseggus  siht  type fo  op i retn  tonnac  chan eg  eht  v eula  ta  eht  sserdda  detniop  by ti  .  

steL  dnatsrednu  siht  hguorht  na  ex elpma  :  

rahc  hc  = c' ';  

rtp* rahc  c& = h  

rtp*  = 'a';  

In eht  evoba  ex ,elpma  ew  esu d a retcarahc  retniop  ’rtp‘  taht  stniop  to hc ra etca r c‘ h .’  In eht  l sa t  

,enil  ew  egnahc  eht  lav ue ta  sserdda  retniop  by .’rtp‘  tuB  fi  siht  dluow  evah  neeb  a retniop  to  a  

,tnatsnoc  neht  eht  l tsa  enil  dluow  ah ve neeb  lavni id uaceb se a retniop  to a c no ts na t onnac t change  

eht  eulav  ta  eht  ad sserd  its op i gnitn  ot .  

A retniop  ot  a tnatsnoc  is deralced  sa  :  

tsnoc  epyt< - fo - >retniop  eman<* - fo - ;>retniop   

roF  ex pma le :  

>h.oidts<edulcni#   

tni  ov(niam i )d   

{  

= hc rahc   ;'c'  

tsnoc  rahc  rtp*  = hc& ; //  A tnatsnoc  retniop  tp' r' op int gni  ot  c' h  '  

rtp*  = //;'a'  !GNORW !! tonnaC  ahc n eg  the lav ue ta  dda r sse  detniop  by 'p 'rt .  
 
 

nruter  0;  

}  
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nehW  eht  evoba  oc de saw  ,delipmoc  relipmoc  ag ve eht  gniwollof  rre or  :  

$ ccg  - llaW  c.tsnoc2rtp  -o noc2rtp  ts  

:c.tsnoc2rtp  nI  noitcnuf  :’niam‘   

:7:c.tsnoc2rtp  :rorre  tnemngissa  fo  daer - no ly lo tac i no  ’rtp*‘   

oS  won  ew  wonk  eht  nosaer  dniheb  eht  rorre  ba o ev  ei  ew  tonnac  chan eg  t eh  eulav  detniop  ot  b  y  

a tnatsnoc  retniop  .  
 
 

 retnioP ot retnioP C  
eW  evah  desu  ro  rael ned retniop  ot  a atad  t epy  li ek  ,retcarahc  regetni  cte . tuB  ni  ht is ces it no  ew   

lliw  nrael  tuoba  retniop s op i gnitn  ot  niop t sre . As eht  nifed noiti  fo  etniop r yas s taht  its a ps e aic l  

elbairav  taht  nac  erots  eht  sserdda  fo  na  rehto  rav i elba . nehT  eht  rehto  elbairav  nac  ev ry llew  eb  a  

niop ter. sihT  snaem  taht  sti  tcefrep ly lagel  rof  a retniop  ot  eb  gnitniop  ot  ona t reh  niop t .re  steL   

esoppus  ew  h eva  a niop t re  p‘ 1′ th ta  stniop  ot  ey t rehtona  retniop  p‘ 2′ th ta  stniop  ot  a etcarahc r  

c‘ h’. nI  omem r ,y  eht  eerht  selbairav  nac  eb  dezilausiv  sa  : oS  ew  nac  ees  taht  ni  memor ,y  op i etn r  

1p  sdloh  eht  erdda ss fo  niop t re  .2p  retnioP  2p  sdloh  eht  sserdda  fo  char retca  ‘ .’hc  oS  p‘ 2′ is  

retniop  ot  retcarahc  ’hc‘ , elihw  p‘ 1′ si  retniop  ot  p‘ 2′ ro  ew  nac  osla  say th ta  p‘ 2′ si  a niop t re   ot  

retniop  ot  retcarahc  ’hc‘  .  

,woN  ni  edoc  2p‘ ′ nac  eb  alced r de   sa :  

2p* rahc   ;hc& =  

tuB  p‘ 1′ si  : sa deralced  

rahc  1p**  = 2p& ;  

oS  ew  ees  taht  p‘ 1′ si  a elbuod  retniop  ei(  retniop  ot  a retniop  ot  a )retcarahc  dna  ecneh  t eh  t  ow  

s*  taralced ni i no  .  

,woN   

p‘ 1′ si  eht  da d sser  fo  p‘ 2′  0005 ei  

p*‘ 1′ si  eht  lav u  dleh e by p‘ 2 008 ei ′ 0  

p**‘ 1′ si  eht  lav ue 08 ta 0  0 ie ’c‘  

.oidts<edulcni# >h   

tni  ov(niam i )d   

{  

rahc  rtp**   ;LLUN =  
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rahc  p*   ;LLUN =  

rahc  c = ;'d'   

p = ;c&   

rtp  = ;p&   

"(ftnirp \n c = c%[ ]\ "n , ;)c   

"(ftnirp \n p*  = c%[ ]\ ;)p*,"n   

"(ftnirp \n rtp**  = %[ ]c \n ;)rtp**,"   

nruter  0;  

}  

ereH  si  uo eht t tup  : 

buod/. $ l pe t  r  

c = d[  ]  

p*  = [d]  

 = rtp** [  ]d  

I  srossecorperP ot noitcudortn  
rossecorperP  relipmoC  lortnoC   

 
uoY  nac  use oc cc eht m relip  ot  lortnoc  tahw  av l seu  era  tes  ro  d fe i den  rf mo  eht  moc m dna  li .en   

hT si  sevig  emos  elf x ilibi ty ni  gnittes  esimotsuc d seulav  dna  sah  emos  ot reh  us ufe l uf n tc i .sno   

ehT  -D relipmoc  noitpo  is us de . roF  :elpmaxe   

cc  - 08=HTGNELENILD  c.gorp  -o rp og  

sah  eht  emas  tceffe  as: 

enifed#  HTGNELENIL  08   

etoN  taht  an # y d enife   fednu# ro w ti hin eht  gorp r ma  rp( o c.g   )evoba edirrevo  dnammoc  nil e  

sgnittes  .  

uoY  nac  osla  tes  a s bmy ol tuohtiw  a ,eulav  rof  ex :elpma   

cc  - GUBEDD  c.gorp  -o gorp   

ereH  eht  v eula  si  ussa em d ot  eb  1.  

ehT  gnittes  fo  hcus  sgalf  si  ,lufesu  laicepse ly rof  iggubed ng. uoY  nac  tup  c mo m sdna  :ekil   

fedfi#  UBED G  

beD"(tnirp u :gnigg  rP o marg  noisreV  1\ )" ;  
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esle#   

margorP"(tnirp  noisreV  1 )noitcudorP( \ )"  ;  

#e idn f  

oslA  ecnis  erp p ssecor or dnammoc  nac  be rw etti n an erehwy  ni  a C pro marg  uoy  nac  retlif   tuo  

selbairav  etc rof  itnirp ng te c. nehw  gniggubed :  

x = y ;3*   

fedfi#  UBED G  

:gniggubeD"(tnirp  selbairaV  )y,x(  = \ x," , )y  ;  

#e idn f  

 ehT - dnammoc E  enil  si  htrow  gninoitnem  tsuj  rof  aca d cime  .snosaer  tI  si  ton  t tah  lacitcarp   a  

nammoc d.  ehT -E oc m lliw dnam  ecrof  ht e co relipm  ot  pots  retfa  eht  gnissecorperp  st ega  na d  

tuptuo  eht  tnerruc  etats  fo  ruoy  pro .marg  apA rt morf  gnieb  bed u igg ng dia  rof  rperp o ossec r  

sdnammoc  dna  osla  sa  a lufesu  laitini  inrael ng ot ol t( ry siht  noitpo  tuo  tiw  h some fo  eht  ex pma l se   

)evoba  ti  si  taht ton  oc m nom ly desu  .  
 
A atad  t epy  si  a noitacifissalc  fo  ad t ,a  cihw h ac n erots  a sp cifice  t epy  of i tamrofn i no . ataD  t  sepy  

era  iramirp ly esu d ni  co retupm  rp ogr gnimma , ni  hcihw  v elbaira s are aerc det  ot  rots e ad ta.  hcaE  

elbairav  si  dengissa  a atad  t epy  taht  senimreted  tahw  epyt  fo  atad  eht  v elbaira  yam  niatnoc  .  
 
 

ehT  mret  atad"  t "epy  and evitimirp"  atad  typ "e  era  o netf  desu  ahcretni n baeg l .y  timirP i ev  tad a  

t sepy  era  denifederp  t sepy  fo  d ,ata  cihw h era  detroppus  by eht  pro gnimmarg  al n .egaug  Fo  r  

,regetni ,elpmaxe  ,retcarahc  gnirts dna  era  lla  rp i evitim  atad  typ .se  rP o sremmarg  nac  su e seht e  

atad  typ se  nehw  gnitaerc  selbairav  ni  rieht  pro .smarg  roF  ,elpmaxe  a remmargorp  may etaerc  a  

elbairav  dellac  "emantsal"  dna  d enife  ti  sa  a irts ng atad  type. The elbairav  w li l t neh  rots e ad at  as  

a gnirts  fo  carahc t sre .  

noN - evitimirp  atad  sepyt  era  ton  denifed  by eht  p gnimmargor  al ngua ,eg  b tu  era  daetsni  etaerc d  

yb  eht  .remmargorp  yehT  era  semitemos  c della  ecnerefer"  ",selbairav  ro  tcejbo"   ",secnerefer  

ecnis  ht ey ecnerefer  a omem ry ,noitacol  hcihw  serots  eht  atad .  
 
 
A kcats  si  na  ro d dere  co noitcell  fo  smeti  otni  hcihw  wen  smeti  may be ni s re t de  na d orf m cihw h  

smeti  yam  eb  d etele d ta  eno  dne , ellac d t eh  pot  fo  eht  ts a .kc  A kcats  si  a d cimany , tnatsnoc l  y  
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ahc n ig ng tcejbo  sa  eht  d noitinife  fo  eht  kcats  pro sediv  rof  eht  sni ert noi  and noiteled  fo  i et sm . I  t  

sah  elgnis  dne  of eht  kcats  sa  pot  fo  eht  ats ,kc  w ereh  htob  sni e noitr  dna  delet noi  fo  t eh  elem tne s  

sekat  ecalp . The tsal  tnemele  detresni  otni  eht  kcats  si  eht  srif t el tneme  del dete - tsal  ni  fi tsr  ou  t  

tsil  )OFIL( . fA t re  es v lare  snoitresni  dna  ,snoiteled  ti  si  elbissop  ot  h eva  eht  same arf me a niag .  

rP imi evit  noitarepO  s  

nehW  na  meti  si  dedda  to a st ,kca  it si  up sh de  otno  eht  st .kca  nehW  an eti m is er m ,devo  it is  

pop dep  kcats eht morf  .  

neviG  a kcats  ,s  dna  na  meti  ,i  gnimrofrep  eht  o noitarep  )i,s(hsup  sdda  na  meti  i to t eh  pot   fo  

s kcats .  

 ;)H ,s(hsup  

,s(hsup  ;)I   

 ;)J ,s(hsup  

noitarepO  )s(pop  omer v se  eht  pot  .tnemele  tahT  ,si  fi  ,)s(pop=i  neht  t eh  devomer  el tneme   si  

i ot dengissa .  

;)s(pop   

esuaceB  fo  the sup h op noitare  hw i hc  dda s ele m stne  ot  a st kca , a st ca k is s emo t mi es ac l el d  a  

hsup d wo n tsil . lautpecnoC l ,y  ereht  si  on  reppu  timil  no  eht  rebmun  fo  smeti  taht  yam  be tpek   ni  

a kcats . fI  a kcats  atnoc i sn  a is n elg  meti  dna  eht  kcats  si  deppop , eht  r se u tl gni  st kca  sniatnoc  no  

smeti  dna  si  lac l de  the ytpme  kcats . hsuP  ope noitar  si  bacilppa el  to any .kcats  oP p epo rat oi n  

tonnac  eb  deilppa  ot  eht  pme ty .kcats  fI  ,os  wolfrednu  sneppah . A naelooB  noitarepo  )s(ytpme  ,  

snruter  EURT  fi  kcats  si  pme ty. esiwrehtO  FALS ,E  fi  kcats  si  ton  pme ty  .  

eueuQ s:  

A eueuq  si  ekil  a fo enil  oep itiaw elp ng rof  a nab k let l re . ehT  euq u  a sah e f tnor  dna  a aer r  .  

nehW  ew  klat  fo  seueuq  ew  klat  tuoba  owt  tcnitsid  :sdne  eht  tnorf  dna  eht  raer . snoitiddA  ot   eht  

eueuq  at ke ecalp  ta  eht  raer . eD l snoite  era  am de morf  ht e norf .t  ,oS  fi  a j bo  is s bu m ti t de  f  ro  

ex ,noituce  ti  snioj  ta  eht  raer  of eht  boj  eueuq . The boj  ta  eht  tnorf  fo  eht  eueuq  si  eht  en xt eno  t  o  

eb  etucexe d  

• weN  elpoep  tsum  retne  eht  eueuq  ta  eht  er a .r  hsuP , hguohtla  ti  si  lausu ly dellac  na  qne ueue  

noitarepo .  

• nehW  na  meti  si  at k ne  morf  eht  q eueu , it alwa sy  oc mes orf m the fr no t. pop, hguohtla  it is  

lausu ly dellac  a qed ue eu  noitarepo  .  
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tahW  si  eueuQ ?  

• edrO r de  noitcelloc  fo  stnemele  taht  sah  owt  dne  s sa  orf tn  dna  raer .  

• eteleD  morf  tnorf  ne d  

• tresnI  ne raer morf d  

• A qu eue  ac n eb  detnemelpmi  htiw  na  rra ay, as nwohs  he er . For ex ma p ,el  siht  eueuq  noc t nia s  

eht  sregetni  4 ta(  eht  orf n ,)t  8 dna   eht ta( 6 rea )r  .  

eueuQ  snoitarepO   

• eueuQ  Ov olfre w  

• nI s itre no  fo  eht  el neme t otni  eht  eueuq   

• eueuQ  olfrednu  w  

• noiteleD  fo  ele eht m morf tne  t eh  ueuq e  

• yalpsiD  fo  eht   eueuq  
 
 

iL dekniL s  st  

gniruD  ,noitatnemelpmi  wolfrevo  o srucc . oN  is m elp  noitulos  ex stsi  rof  erom  ts a kc s na d seueuq .  

In a aitneuqes l er p atneser ,noit  eht  smeti  of cats k ro  eueuq  era  ticilpmi ly ro d ere d by the aitneuqes l  

redro  egarots fo  .  

fI  eht  smeti  fo  kcats  ro  eueuq  era  ex ticilp ly ro d ,dere  taht  ,si  hcae  meti  deniatnoc  nihtiw  flesti   eht  

sserdda  of eht  en xt it me . nehT  a wen  ad ta tcurts u er  wonk n sa  nil e ra  li kn ed il st. hcaE  meti  in ht e  

tsil  si  dellac  a edon  dna  sniatnoc  owt  fi ,sdle  na  i noitamrofn  dleif  dna  a next sserdda  field. hT e  

noitamrofni  dleif  sdloh  eht  lautca  tnemele  no  eht  li ts . ehT  txen  sserdda  dleif  sniatnoc  eht   sserdda  

fo  eht  en xt don e ni  eht  l si t. hcuS  na  ,sserdda  hcihw  si  desu  ot  ssecca  a rap t raluci  ,edon  si  nwonk   

sa  a ehT.retniop  llun  retniop  si  desu  ot  langis  eht  dne  fo  a tsil . ehT  tsil  htiw  on  sedon  – pme t  y  

sil t ro  un ll list. ehT  snoitaton  desu  ni  al smhtirog  era : fI  p si  a retniop  ot  a n ,edo  (edon p) r fe e sr   ot  

eht  edon  detniop  to by .p  )p(ofnI  otsrefer  eht  in noitamrof  fo  aht t .edon  en x )p(t  srefer  ot  nex  t  

sserdda  noitrop . fI  en x )p(t  si  ,llunton  en(ofni x ))p(t  r srefe  ot  t eh  rofni m ta i no  noitrop  fo  t eh  on d  e  

taht  swollof  )p(edon  ni the l tsi .  

A deknil  tsil  o( r erom  cl rae l ,y  is" ngly deknil  )"tsil  si  a ad at  st cur t ru e taht  stsisnoc  fo  a euqes nce  

fo  sedon  hcae  fo  hw i hc  sniatnoc  a erefer n ec  i( . ,.e  a )knil  ot  eht  en xt edon  in eht  s neuqe ce  .  
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A deknil  tsil  esohw  sedon  niatnoc  owt  :sdleif  na  regetni  eulav  dna  a knil  ot  eht  en xt edon . L kni e  d  

stsil  era  gnoma  eht  tselpmis  dna  tsom  moc m no  ad ta curts t .seru  hT ey nac  eb  desu  ot   tnemelpmi  

areves l rehto  moc nom  tcartsba  ad ta tcurts u ,ser  i gnidulcn  st ,skca  qu ,seue  evitaicossa  rra a ,sy  an  d  

s cilobmy  ex ,snoisserp  hguoht  it si  ton  ommocnu n ot  tnemelpmi  eht  ehto r atad  ts tcur u ser  d ri ce tly  

tuohtiw  gnisu  a tsil  sa  eht  sisab  fo  implem ne ta it no .  

ehT  lapicnirp  b tifene  fo  a deknil  tsil  revo  a lanoitnevnoc  rra ay si  th ta  eht  tsil  stnemele  nac  isae ly  

eb  da d de  ro  devomer  wi tuoht  noitacollaer  or er o noitazinagr  fo  the tne ire rutcurts e be suac e the  

atad  smeti  deen  ton  be s derot  tnoc i suoug ly ni  m ome ry ro  no  .ksid  dekniL  stsil  lla wo  ins re it  no  

dna  lavomer  fo  sedon  ta  any tniop  ni  eht  ,tsil  dna  nac  od  os  htiw  a tnatsnoc  rebmun  fo  po e tar i sno   

evomer ro dedda gnieb knil eht ot suoiverp knil eht fi d srevart tsil gnirud deniatniam si al.  
 

eerT s  

A eert  si  a etinif  tes  fo  eno  ro  erom  don se  hcus  :taht  )i(  ereht  si  a laiceps ly d angise t de  edon  ellac d  

eht  ;toor  ii( ) eht  niamer i gn  edon s ra e pa tr it denoi  into n 0 id sj tnio  s ste  T1, ... T, n erehw  cae h of  

eseht  stes  si  a .eert  T1, ... T, n era  dellac  eht  seertbus  fo  eht  .toor  A eert  erutcurts  snaem  taht  the  

atad  si  dezinagro  os  aht t smeti  fo  noitamrofni  era  detaler  by b ar n .sehc  enO  ev ry nommoc  ecalp   

erehw  su hc  a tcurts u er  ar sesi  si  ni  eht  noitagitsevni  fo  laeneg o seig .  

epyTataDtcartsbA  {eert   

sni t ecna s  

A  :stnemele fo tes  

)1(  pme ty ro  gnivah  a sid dehsiugnit  toor  ele m tne   

)2(  hcae  non - toor  tnemele  gnivah  tcaxe ly eno  tnerap  tnemele  epo r ta i no s  

)(toor   

rged e (e )  

)k(dlihc   

}  

emoS  cisab  olonimret gy  :seert rof  
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• rT see  era  fo demr  morf  n sedo  na d ed seg . edoN s era  semitemos  ellac d trev i sec . Ed seg  are  

semitemos  dellac  cnarb h se .  

• sedoN  may ah ve a mun b re  fo  orp p seitre  idulcni ng eulav  dna  al b le .  

• segdE  era  us de  ot  aler te hto hcae ot sedon er. nI  a ,eert  siht  noitaler  si  dellac  ".doohtnerap"   

• nA  egde  }b,a{  wteb e ne  sedon  a dna  b sehsilbatse  a sa  eht  nerap t fo  b. ,oslA  b si  dellac   a  

dlihc  fo  a.  

• hguohtlA  segde  era  lausu ly nward  sa  elpmis  ,senil  yeht  era  laer ly detcerid  morf  tnerap  t  o  

dlihc . nI  eert  iward n ,sg  t sih  si  t po -to- ob tt mo .  

• nI f lamro  ifeD in oit n: a eert  si  a noitcelloc  fo  n ,sedo  eno  of cihw h si  disti ugn i dehs  as  

",toor"  gnola  htiw  a noitaler  )"doohtnerap"(  taht  si  nwohs  by ed seg .  

• lamroF  nifeD i oit n: sihT  noitinifed  si  "evisrucer"  ni  taht  ti  senifed  eert  ni  et rms fo  i est lf.  

ehT  noitinifed  si  osla  c" o "evitcurtsn  ni  taht  ti  sebircsed  woh  ot  tcurtsnoc  a t eer .  

1. A elgnis  on de si  a eert . tI  si  ".toor"   

2. esoppuS  N si  a on de na d T1, T2, ... , Tk era  seert  wi ht  stoor  n1, n2, n,... k, evitcepser ly. eW  c  na  

tcurtsnoc  a wen  eert  T by m ika ng N eht  tnerap  fo  eht  sedon  n1, n2, ... , nk. ,nehT  N si  eht   toor  

fo  T dna  T1, T2, ,...  Tk era  seertbus .  

 
 
 
 
 
 
 
 
 
 
 

ehT  eert  ,T  etcurtsnoc d gnisu  bus k seert   
 

 ygolonimret eroM  

• A edon  htie si retni re n la  ro  ti  is a fael .  

• on a si fael A de aht  t sah  on  hc li nerd .  

• yrevE  edon  ni  a eert  tpecxe(  )toor  sah  tcaxe ly eno  tnerap .  

• ehT  ged r ee  fo  a edon   si t fo rebmun eh   nerdlihc it ah s.  

• ehT  ged r ee  fo  a eert  si  eht  am x mumi   eerged o la f l fo  its sedon .  

• shtaP  dna  leveL  s  
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• eD f ni i oit n: A htap  si  a ecneuqes  fo  sedon  n1, n2, ... , nk hcus  taht  edon  ni si  t eh  nerap t  fo  

edon  n 1+i  rof  lla  1 =<  i =<  k.  

• eD f ni i oit n: ehT  htgnel  of a p hta  si  eht  mun b re  of ed eg s no  t eh  p hta  o( ne el ss t nah  ht e  

rebmun  )sedon fo .  

• eD f ni i oit n: ehT  necsed d stne  fo  a edon  era  lla  eht  edon s taht  a er  on emos  htap  orf m the  

edon  ot  yna  fael .  

• eD f ni i oit n: ehT  srotsecna  fo  a edon  era  lla  eht  sedon  taht  era  no  eht  htap  morf  eht  edon   ot  

eht  toor .  

• eD f ni i oit n: ehT  htped  fo  a edon  si  eht  len htg  of eht  htap  morf  toor  ot  the n edo . ehT  tped h  

fo  a edon  si  semitemos  dellac  sti  evel l.  

• eD f ni i oit n: ehT  thgieh  el eht si edon a fo n t fo htg h segnol e  t ap th f mor  t eh  n edo  to a l fae .  

• eD f ni i oit n: eht  fo thgieh   eht si eert a h thgie  fo  sti  r too .  
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