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NOITCUDORTNI   
 
 snoitarepO  ,hcraeser  lanoitarepo  ,hcraeser  ro  ylpmis  ,RO  si  eht  esu  fo  lacitamehtam  ,sledom   

scitsitats  dna  smhtirogla  ot  dia  ni  ced isi no - ikam ng. tI  si  tsom  netfo  desu  ot  ana l ezy  elpmoc  x laer - row l  d  
,smetsys  t lacipy ly htiw  eht  laog  fo  gnivorpmi  ro  o gnizimitp  frep o ecnamr . tI  si  eno   deilppa fo mrof  

citamehtam s.  
 ehT  smret  snoitarepo  hcraeser  dna  tnemeganam  ecneics  era  netfo  desu  s suomynony ly. nehW  a  

noitcnitsid  si  ,nward  tnemeganam  eics n ec  eg n lare ly seilpmi  a resolc  er l pihsnoita  ot  eht  smelborp  fo   
ssenisub  tnemeganam .  

 snoitarepO  hcraeser  osla  ylesolc  setaler  ot  rtsudni i la  gnireenigne . lairtsudnI  gnireenigne  sekat   
erom  fo  na  gnireenigne  tniop  fo  ,weiv  dna  lairtsudni  sreenigne  t lacipy ly co redisn  RO  seuqinhcet  ot  eb  a  
rojam  trap  fo  rieht  esloot t.  

 emoS  fo  eht  amirp ry sloot  desu  by op snoitare  srehcraeser  era  ,scitsitats  po t mi zi a it ,no  ts citsahco s,  
gnieueuq  ,yroeht  ag me oeht r ,y  hparg  oeht r ,y  dna  noitalumis . esuaceB  fo  eht  lanoitatupmoc  erutan  fo   

eseht  sdleif  RO  osla  sah  t sei  ot  retupmoc  ,ecneics  dna  snoitarepo  r ese a hcr e sr  raluger ly esu  suc tom- 
nettirw  ro  ffo - eht - flehs  erawtfos .  

 snoitarepO  er s hcrae  si  dehsiugnitsid  by sti  iliba ty ot  kool  ta  dna  evorpmi  na  eritne  s ,metsy  htar er  
naht  gnitartnecnoc  no ly no  cificeps  stnemele  hguoht(  siht  si  netfo  enod  sa  )llew . epo nA r ta i no s  

rehcraeser  decaf  htiw  a n we  melborp  si  ex detcep  to enimreted  hcihw  nhcet i seuq  era  tsom  pa p rpor iate  
nevig  eht  n eruta  of eht  s ,metsy  eht  slaog  for rpmi o ,tnemev  dna  artsnoc i stn  no  t mi e dna  upmoc it gn   

wop re . roF  siht  dna  rehto  ,snosaer  eht  namuh  ele m tne  fo  OR si  iv t la . ekiL  any  seuqinhcet RO ,sloot  
tonnac  evlos  smelborp  by sevlesmeht .  

 
saerA  o  f pa lp  noitaci  

A wef  ex selpma  fo  snoitacilppa  ni  hcihw  snoitarepo  hcraeser  si  tnerruc ly u des  edulcni  eht  iwollof ng  :  
 

 gningised  eht  tuoyal  fo  a yrotcaf  rof  tneiciffe  wolf  fo  slairetam   
 gnitcurtsnoc  a snoitacinummocelet  krowten  ta  low tsoc  elihw  llits  aug r ieetna ng ilauq ty  

ecivres  fi  ralucitrap  snoitcennoc  emoceb  ev ry ysub  ro  teg  degamad   
 gninimreted  eht  setuor  fo  loohcs  sesub  os  taht  sa  f we  sesub  a er  ne dede  sa  p  elbisso  
 gningised  eht  tuoyal  fo  a retupmoc  pihc  ot  ecuder  gnirutcafunam  emit  erofereht(  gnicuder   

)tsoc   
 gniganam  eht  wolf  fo  war  slairetam  dna  dorp u tc  s ni  a ppus ly ch nia  desab  no  niatrecnu   

dnamed  rof  eht  dehsinif  stcudorp   
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 tinU –I  

I rtn o itcud no  & oF r lum a it on of PL P  

 
eD fine OR  

RO  si  eht  noitacilppa  fo  cifitneics  ,sdohtem  hcet n seuqi  dna  t loo s ot  lborp ems vlovni i gn  eht  epo ra it no s of  

a s metsy  os  sa  ot  edivorp  esoht  ni  lortnoc  fo  eht  s metsy  htiw  po t umi m os l snoitu  ot  t eh  melborp s.  

scitsiretcarahC  fo  RO   

1. sti  s sy t me  oitatneiro  n  

2. eht  esu  fo  yranilpicsidretni  maet  s  

3. noitacilppa  fo  cifitneics  dohtem   

4. gnirevocnu  fo  n we  borp l sme   

5. tnemevorpmi  ni  eht  ilauq ty fo  ced isi no  s  

6. esu  fo  retupmoc   

7. evitatitnauq  os lut snoi   

8. namuh  rotcaf s  

1. metsyS  ro(  itucexe v )e  o noitatneir  o  f O  R  

noitcudorp  :.tped  detpurretninU  noitcudorp  ,snur  eziminim  tes - pu  dna  clean- pu  stsoc .  

gnitekram  d :.tpe  ot  teem  laiceps  sdnamed  ta  trohs  on t eci .  

ecnanif  d :.tpe  eziminim  seirotnevni  dluohs  esir  and llaf  htiw  esir  dna  llaf  in oc m ap n s’y  as l se .  

lennosrep  :.tped  iatniam n gni  a tnatsnoc  oitcudorp n level  gnirud  sl kca  pe doir .  

2. ehT  esu  o  f yranilpicsidretni  et a sm .  

Ps lohcy o :tsig  tnaw  retteb  rekrow  ro  tseb  dorp u tc s.  

lacinahceM  En :.gg  lliw  yrt  ot  evorpmi  eht  ma hc ine.  

erawtfoS  :.ggne  detadpu  erawtfos  ot  elos  smelborp .  

taht  ,si  on  elgnis  nosrep  nac  tcelloc  lla  eht  lufesu  cifitneics  rofni mat noi  rf om lla  di pics il sen .  

3. noitacilppA  fo  cifitneics  dohtem   

tsoM  cifitneics  ,hcraeser  hcus  sa  tsimehc ry dna  yhp s sci  nac  eb  deirrac  tuo  ni  baL  un red  dellortnoc   

noitidnoc  tuohtiw  hcum  ecnerefretni  morf  eht  uo ts edi  dlrow . tuB  siht  si  ni eurt ton  eht  ac se fo  OR  

duts y  .  

nA  snoitarepo  r hcraese  w rekro  si  eht  emas  itisop on sa  eht  remonortsa  ecnis  eht  lat ret  nac  be resbo ve  

eht  s metsy  tub  tonnac  upinam late.  
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4. gnirevocnU  fo  wen  melborp s  

nI  o redr  ot  evired  lluf  ,stifeneb  iunitnoc ty er s ae r hc  tsum  eb  deniatniam . fO  ,esruoc  eht  stluser  fo  OR  

yduts  rep t gninia  a citrap u ral  melborp  deen  ton  aw it litnu  lla  eht  detcennoc  p smelbor  era  evlos .  

5. orpmI v tneme  ni  eht  ytilauQ  of d ice is no   

RO  sevig  dab  rewsna  ot  ,smelborp  ,esiwrehto  wo tsr  rewsna  a er  nevig . Th ta  ,si  ti  no nac ly  evorpmi  

eht  ilauq ty fo  noitulos  but ti  yam  ton  eb  elba  ot  gi ev  rep f ce  t os lut noi .  

6. esU  fo  co retupm   

7. evitatitnauQ  oitulos ns  

rof  ex ,elpma  ti  lliw  evig  rewsna  ,ekil  eht“   fo tsoc t apmoc eh n iced fi ,y is no  A i t s neka  is ,X   fi  

noisiced  B i ekat si  s Y”  .  

8. namuH  srotcaf .  
 
 

epocS  fo  noitarepO  hcraeseR   

)1  lairtsudnI  :tnemeganam   

)a  noitcudorp  )b  p cudor t im x )c  yrotnevni  ortnoc l )d  dnamed  )e  elas  dna  p esahcru  )f  psnart o atr t noi   

)g  riaper  dna  anetniam n ec  )h  iludehcs ng dna  tnoc r lo   

)2  nefeD se epo r :snoita   

ra )a my )b  ecrof ria   yvan )c  

lla  eseht  rehtruf  dedivid  otni  bus - ivitca t ,y  taht  ,si  o ,noitarep  egilletni n ec  ad artsinim it ,no  niart i gn .  

)3  :seimonocE   

am x mumi  htworg  fo  rep  atipac  emocni  ni  eht  tsetrohs  elbissop  ,emit  by t gnika  otni  noitaredisnoc  th  e  

lanoitan  slaog  dna  snoitcirtser  esopmi  yb  the uoc n yrt . The cisab  borp l me  ni  tsom  fo  t eh  nuoc t seir  i  s  

ot  evomer  revop ty dna  h regnu  sa  kciuq ly sa  ssop i elb .  

)4  erutlucirgA  noitces :  

)a  htiw  noitalupop  noisolpxe  dna  ecneuqesnoc  egatrohs  fo  ,doof  eve ry uoc n yrt  si  icaf ng eht  melborp   

fo  mumitpo  noitacolla  dnal  ot  suoirav  sporc  ni  nadrocca ce iw th lc i am t ci  c tidno i sno  .  

)b  lamitpo  noitubirtsid  fo  retaw  morf  eht  suoirav  retaw  ecruoser .  

)5  rehtO  :saera   

)a  latipsoh   )b tropsnart  )c  CIL   
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fo sesahP  OR  

 
)1  lumroF a gnit  eht  p or lb me   

ni  gnitalumrof  a p elbor m rof  RO  uts d ,y  we tsim  eb  edam  fo  t eh  ruof  maj ro  nenopmoc ts.  

)i  ehT  nemnorivne t  

ii ) ehT  noisiced  ekam  r  

ii )i  ehT  tcejbo i ev s  

vi ) evitanretlA  oc u esr  fo  tca i no  dna  tniartsnoc  s  

)2  noitcurtsnoC  a ledoM   

retfA  fo gnitalumr  eht  pro ,melb  eht  en xt pets  si  ot  tcurtsnoc  edom . ehT  tam h lacitame  ledom  stsisnoc   

fo  noitauqe  hcihw  rcsed i seb  eht  melborp  .  

eht  noitauqe  tneserper   

)i  evitceffE n sse  noitcnuf  ro  evitcejbo  noitcnuf  s  

ii ) stniartsnoC  ro  cirtser it no  s  

ehT  evitcejbo  noitcnuf  dna  stniartsnoc  era  snoitcnuf  fo  owt  t sepy  fo  rav i ,elba  elballortnoc  elbairav   

dna  elballortnocnu  va air b el .  

A muidem - ezis  raenil  gorp r gnimma  ledom  htiw  50 noisiced  elbairav  dna  25 noc ts ar i stn  lliw  evah   

revo  0031  atad  stnemele  hcihw  tsum  eb  denifed .  

)3  gnivireD  noitulos  morf  eht  ledom   

na  mumitpo  noitulos  morf  a ledom  stsisnoc  fo  owt  t sepy  fo  p :erudecor  anal city  dna  mun e acir l.  

anA l city  p decor u ser  am ke esu  fo  owt  t sepy  eht  v suoira  sehcnarb  fo  m ehta m scita  hcus  sa  uclac l su  ro   

arbegla xirtam . laciremuN  decorp u er  stsisnoc  fo  t iyr ng suoirav  seulav  fo  elballortnoc  rav i ba le in the  

,edom  gnirapmoc  eht  stluser  deniatbo  dna  gnitceles  taht  tes  fo  v seula  fo  eseht  selbairav  w hcih  sevig   

eht  tseb  os lut noi .  

)4  eht gnitseT  om del  

a ledom  si  reven  a tcefrep  neserper t noita  fo  ilaer ty. tuB  fi  ylreporp  detalumrof  dna  tcerroc ly  

,detalupinam  ti  yam  eb  u lufes  itciderp ng eht  ffe e tc  fo  ahc n seg  ni  lortnoc  v ra i ba le no  t eh  vo er al  l  

sy mets .  

)5  gnihsilbatsE  ortnoc ls revo  los u oit n  

a noitulos  devired  morf  a ledom  sniamer  a noitulos  no ly os  ol ng sa  eht  nu c no t dellor  elbairav  r niate   

rieht  seulav  dna  eht  taler i pihsno  neewteb  eht  elbairav  seod  ton  ahc n eg .  

)6  oitatnemelpmI n  

RO  si  ton  erem ly ot  orp d ecu  per o tr  ot  evorpmi  eht  s metsy  amrofrep n ,ec  eht  tluser  fo  eht  er s ae r hc   
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tsum  detnemelpmi .  

lanoitiddA  ahc n seg  ro  m noitacifido  ot  eb  edam  o  n eht  trap  fo  RO  puorg  bec esua  many t emi  s tulo i  sno  

hcihw  kool  elbisaef  no  p repa  may tcilfnoc  htiw  eht  ac p seitiliba  dna  saedi  of rep s sno .  
 
 

snoitatimiL  fo  RO   

)1  lacitamehtaM  sledom  htiw  era  se s ecne  of RO  od  n to  ekat  otni  tnuocca  lauq ti a it ev  srotcaf  or  

lanoitome  srotcaf  .  

)2  lacitamehtaM  sledom  era  elbacilppa  ot  no ly cificeps  rogetac i se  fo  melborp s  

)3  ieB ng a n we  ,dleif  ereht  is a ecnatsiser  morf  eht  e lpm o seey  eht  n we  oporp s sla .  

)4  tnemeganaM  may o reff  a tol  fo  ecnatsiser  due ot  lanoitnevnoc  ht i kn i gn  .  

)5  RO  si  tnaem  rof  nem  ton  taht  m na  is m tnae  rof  ti .  

 
iD f seitlucif  fo  RO   

)1  ehT  melborp  oitalumrof n sahp e  

)2  ataD  noitcelloc   

)3  snoitarepO  anal tsy  si  ab s de  no  sih  noitavresbo  ni  eht  ap  ts  

)4  snoitavresbO  nac  reven  be erom  naht  a s pma le fo  t eh  ohw el   

)5  dooG  noitulos  ot  eht  melborp  ta  thgir  emit  may be hcum  erom  su e luf  t nah  frep ect sol snoitu .  
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Li en ar rgorP a imm ng  
 
 

stnemeriuqeR  rof  LP  

1. erehT  tsum  eb  a llew  fed i den  evitcejbo  uf n noitc  hcihw  si  ot  eb  rehtie  am x imi z de  ro  m ini miz de  dna   

hcihw  nac  ex desserp  sa  a raenil  noitcnuf  fo  d sice i no  rav i ba le.  

2. erehT  tsum  eb  tsnoc r stnia  no  eht  tnuoma  fo  ex tnet  fo  eb  ac p elba  fo  b ie ng ex desserp  sa  il  raen  

seitilauqe  ni  smret  fo  elbairav  .  

3. erehT  tsum  eb  evitanretla  esruoc  fo  tca i no  .  

4. ehT  noisiced  rav i elba  dluohs  eb  retni - er l deta  dna  non - evitagen .  

5. ehT  uoser r ec  tsum  eb  mil i det .  
 
 

emoS  i tnatropm  sni igh :t   

• ehT  rewop  of rav i elba  and stcudorp  era  ton  elbissimrep  ni  eht  evitcejbo  uf n tc i no  sa  ew ll sa   

tniartsnoc s.  

• iraeniL ty nac  be deziretcarahc  by c niatre  evitidda  dna  evitacilpitlum  eporp r seit .  

evitiddA  ex pma le :  

I  f a enihcam  ssecorp  boj  A ni  5 sruoh  dna  boj  B i  n 01  ,sruoh  neht  eht  t mi e t neka  ot  orp c sse  htob   boj  

si  51  sruoh . sihT  si  revewoh  eurt  no ly wh ne  eht  ch egna - revo  emit  n si e lg igi elb .  

evitacilpitluM  ex :elpma   

fI  a tcudorp  yi sdle  a forp i sR fo t . 01  neht  eht  tiforp  denrae  orf  eht  s ela  fo  21   hcus iw stcudorp  ll  eb  

(sR  01  * )21  = 021 . siht  yam  ton  eb  wla a sy  rt ue b esuace  of itnauq ty ocsid u tn .  

• ehT  noisiced  rav i elba  era  detcirtser  ot  ah ve largetni  seulav  no ly.  

• ehT  evitcejbo  uf n noitc  seod  ton  evlovni  any snoc t tna  ret m.  
n 

 taht i ,s  z = x + c , taht  ,si  eht  lamitpo  seulav  era  tsuj  tnednepedni  fo  any natsnoc  t c  .  
j=1 
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selpmaxE  no  Fo talumr i no  o  f eht  PL  om d le   

1 elpmaxE : noitcudorP  noitacollA  P melbor   

A mrif  secudorp  eerht  p cudor t .s  esehT  stcudorp  era  rp o dessec  no  eerht  d tnereffi  .senihcam  ehT  ti  em  

deriuqer  ot  m erutcafuna  eno  tinu  fo  hcae  of eht  p tcudor  dna  eht  iad ly icapac ty of eht  rht ee am hc in se  ra  e  

nevig  ni  eht  bat le woleb  .  

emiT  rep  etunim(tinu  s  

tcudorP  1 cudorP  t 2 tcudorP   3  

2 3 2  

4 -- - 3  

2 5 -- - 

tI  si  deriuqer  ot  enimreted  eht  iad ly rebmun  fo  nu i st  ot  eb  derutcafunam  of r hcae  tcudorp . ehT  rp o tif   rep  

tinu  rof  cudorp t 2,1  na d 3 si  .sR  ,4  .sR  3 dna  Rs. 6 ylevitcepser . tI  si  demussa  t tah  lla  eht  am  stnuo  

decudorp  era  snoc u dem  in eht  ekram t.  
 
 

noitalumroF  fo  raeniL  gnimmargorP  edom l  

petS  :1  ehT  yek  d noisice  ot  eb  edam  si  ot  imreted ne eht  iad ly rebmun  fo  un sti  to eb  cafunam t deru  fo  r  

hcae  tcudorp .  

petS  :2  teL  x ,1  x2 dna  x3 eb  eht  rebmun  fo  stinu  of stcudorp  2,1  dna  3 am n utcafu r de  iad ly  .  

petS  :3  elbisaeF  sevitanretla  era  the stes  fo  seulav  fo  x ,1  x2 dna  x3 erehw  ,1x x ,2 x3 ≥ .o   evitagen ecnis  

rebmun  fo  dorp u noitc  snur  sah  on  inaem ng dna  i  s ton  saef ible  .  

petS  :4  ehT  evitcejbo  si  ot  am x ezimi  eht  ,tiforp  , si taht  maxi im ze Z = 4x1 + 3x2 + 6x  3  

petS  :5  Ex sserp  eht  stniartsnoc  sa  raenil  seitilauqeni/seitilauqe  ni  smret  fo  bairav le. H ere  the artsnoc i stn   

era  no  eht  enihcam  seiticapac  dna  nac  eb  lacitamehtam ly ex desserp  sa  ,  

x2 1 + x3 2 + x2 3 ≤ ,044   

x4 1 + 0 x2 + x3 3 ≤  074  

x2 1 + x5 2 + x0 3 ≤  034  
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2 elpmaxE : gnisitrevdA  aideM  noitceleS  P bor lem.  

nA  gnisitrevda  apmoc ny sehsihw  ot  alp n si  da v gnisitre  arts tegy ni  ht r ee  nereffid t aidem  – tel ve isi  ,no  

oidar  dna  senizagam . ehT  esoprup  fo  isitrevda ng si  ot  hcaer  sa  egral  sa  a n rebmu  fo  laitnetop  suc t remo  s  

sa  ssop i elb . gniwolloF  atad  sah  neeb  iatbo n de  rf om eht  tekram  vrus ey:  

siveleT ion idaR o enizagaM  1  enizagaM 2  

tsoC  of an  
sR . 000,03  Rs. 000,02  sR . 00,51 0 Rs. 000,01   

gnisitrevda  tinu   

oN  of etop n  lait  

otsuc m sre  000,00,2  000,00,6  00,05,1 0 000,00,1   

dehcaer  u rep tin   

No.  elamef fo  

otsuc m sre  000,05,1  000,00,4  000,07  000,05   

dehcaer  u rep tin   

ehT  apmoc ny stnaw  ot  dneps  ton  erom  naht  sR . 000,05,4  no  gnisitrevda . gniwolloF  era  eht  truf h  re  

tnemeriuqer  taht  tsum  eb  :tem   

)i  tA  tsael  1 noillim  serusopxe  ekat  ecalp  gnoma  ef m ela  remotsuc  s  

ii ) gnisitrevdA  no  senizagam  eb  il im det  ot  Rs. ,05,1 0  00  

ii )i  tA  tsael  3 isitrevda ng stinu  eb  thguob  no  enizagam  I dna  2 zagam no stinu i en  II  &  

vi ) ehT  rebmun  fo  isitrevda ng stinu  no  noisivelet  dna  oidar  dluohs  hcae  be eb t neew  5 dna  10  

etalumroF  na  P.L  ledom  rof  eht  melborp  .  
 
 

 :noituloS  

ehT  evitcejbo  si  ot  am x ezimi  eht  latot  rebmun  fo  laitnetop  uc ts remo s.  

tahT  ,si  am x ezimi  Z = (2x1 + x6 2 + x5.1 3 + x4) * 01 5  

stniartsnoC  ra  e  

nO  eht  isitrevda ng ub dg te  x000,03 1 + x000,02 2 + x000,51 3 + x000,01 4 ≤ 000,05,4   

nO  rebmun  fo  lamef e x000,05,1 1 + x000,00,4 2 + 000,07 x3 + 000,05  x4 ≥ 000,00,01   

nO  ex esnep  no  enizagam  x000,51 3 + x000,01 4 ≤1,  000,05  

nO  on . fo  stinu  no  agam zi sen  x3≥ ,3  x4 ≥ 2  

nO  on . fo  tinu  no  noisivelet  5 ≤ x2 ≤ ,01  5 ≤ x2 ≤  01  
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elpmaxE  3 :  

A apmoc ny h sa  owt  arg d se  fo  ,srotcepsni  1 dna  2 ot  ekatrednu  ilauq ty noc t lor  i noitcepsn . tA  lea ts  1,  005  

seceip  tsum  eb  etcepsni d ni  na  8 ruoh  da .y  arG de 1 rotcepsni  nac  kcehc  02  seceip  ni  na  ruoh  iw th  na  

ycarucca  fo  %69 . Gr eda  2 rotcepsni  skcehc  41  seceip  na  ruoh  htiw  na  ucca racy fo  %29  .  

ehT  iad ly egaw s of arg de 1 rotcepsni  ra e .sR  5 p re  ruoh  elihw  esoht  of darg e cepsni tor are Rs. 4 ep r  

,ruoh  yna  rorre  edam  yb  na  rotcepsni  stsoc  .sR  3 ot  eht  apmoc n .y  fI  ereht  ,era  ni  ,lla  01  edarg  1 

srotcepsni  dna  15 arg de 2 srotcepsni  ni  eht  co apm n ,y  dnif  eht  amitpo l ssa i ng m ne t of inspectors  taht  

eziminim  eht  iad ly psni e tc i no  tsoc .  

tuloS i  no  

 teL x1 x , 2 fo rotcepsni eht eb  arg d 2 dna 1 e  .  

edarG  :1  5 + 3 * 40.0  * 20  

edarG  :2  4 + 3 * 80.0  * 14  

Z = 8 4.7(* x1 + x63.7 2)  

X1 ≤  ,01 x2 ≤ 15  

02  * 8 x1 + *41  8 x2 ≥ 0051   
 
 

4 elpmaxE :  

nA  lio  apmoc ny p cudor es owt  gr seda  fo  enilosag  P dna   hcihw Q s ti e ll s ta  Rs. 3  rep 4.sR dna il ert . ehT   

renifer  nac  buy ruof  ffid e tner  urc de htiw  eht  gniwollof  stneutitsnoc  na  :stsoc   

durC e tneutitsnoC s irP  ertil/ec  

A B C  

1 7.0 5 51.0  1.0 0 Rs. 00.2   

2 2.0 0 03.0  5.0 0 Rs. 52.2   

3 7.0 0 01.0  2.0 0 Rs. 05.2   

4 4.0 0 06.0  5.0 0 Rs. 57.2   

R ehT s. 3 edarg  tsum  ah ve ta  tsael  55  fo tnecrep  ton dna A  m ero  t nah  %04  necrep  t of C. ehT  Rs. 4 edarg   

tsum  ton  evah  erom  naht  52   tnecrep of C. mreteD i en  woh  eht  cr edu  dluohs  eb  desu  os  sa  ot  max mi i ez   

tiforp .  

oituloS n  :  

teL  x p1  – tnuoma  fo  edurc  1 desu  rof  enilosag  P 
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x p2  – tnuoma  fo  edurc  2 u des  rof  losag i en  P 

x p3  – tnuoma  fo  edurc  3 u des  rof  losag i en  P 

x4p – tnuoma  fo  edurc  4 desu  rof  osag il en   P  

x q1  – tnuoma  fo  edurc  1 u des  rof  losag i en  Q  

x q2  – tnuoma  fo  edurc  2 u des  rof  losag i en  Q  

x q3  – tnuoma  fo  edurc  3 u des  rof  losag i en  Q  

x q4  – tnuoma  fo  edurc  4 u des  rof  losag i en  Q  

ehT  evitcejbo  si  ot  am x ezimi  iforp t.  

taht  ,si  x(3 p1 x+ 2p x+ 3p+x p4 ) 4 (x1q x+ 2q x+ 3q x+ q4 ) - (2 x1p+x1q) – 52.2  x( 2p + x2q) – 05.2  x( 3p + x q3 ) – 57.2   

(x4p + x4q)  

taht  ,si  ezimixam  Z = x p1 x57.0+ p2 x05.0+ p3 x52.0+ p4 x2+ q1 x57.1+ q2 x05.1+ q3 x52.1+ q4   

ehT  stniartsnoc  era  :  

x57.0 p1 x02.0+ p2 x07.+ p3 x04.0+ 4p ≥ x(55.0 p1 x+ p2 x+ p3 x+ 4p ,)   

x01.0 p1 x05.0+ p2 x02.0+ p3 x05.0+ 4p ≤ x(04.0 p1 x+ 2p x+ 3p x+ p4 ,)   

x01.0 q1 x05.0+ q2 x02.0+ q3 x05.0+ 4q ≤ x(52.0 q1 x+ 2q x+ 3q x+ q4 )  
 
 

5 elpmaxE :  

A nosrep  stnaw  ot  iced de eht  stneutitsnoc  fo  a di te  hcihw  lliw  llifluf  ih s d ia ly uqer i er m tne s fo  orp teins,  

staf  dna  obrac h setardy  at eht  muminim  tsoc . ehT  eciohc  si  ot  eb  edam  morf  ruof  tnereffid  t sepy  fo  sdoof .  

ehT  yi sdle  rep  tinu  fo  eseht  sdoof  era  nevig  woleb   

dleiY  rep   tinu  

nietorP s taF s setardyhobraC   

3 2 6 54   

4 2 4 04   

8 7 7 58   

6 5 4 56   

Mi umin m 008  02 0 007   

meriuqer e  tn  

etalumroF  raenil  rp o gnimmarg  ledom  rof  t eh  rp o melb .  

 :noituloS  

ehT  evitcejbo  si  ot  iminim ze t eh  oc ts   

tahT  si  , Z = 54(.sR x1 x04+ 2 x58+ 3 x56+ 4)  
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ehT  stniartsnoc  era  no  the tnemllifluf  fo  eht  iad ly stnemeriuqer  fo  the snoc t stneuti .  

,snietorp roF  x3 1 + x4 2 x8+ 3 6+ x4 ≥  008  

roF  ,staf  x2 1 + x4 2 x7+ 3 5+ x4 ≥  002  

roF  obrac h setardy , x6 1 + x4 2 x7+ 3 4+ x4 ≥  007  

6 elpmaxE :  

ehT  cigetarts  redrob  ob m reb  nammoc d seviecer  in snoitcurts  ot  tpurretni  eht  ene my t kna  p cudor t noi . ehT   

ene my sah  ruof  key nalp ts detacol  ni  etarapes  ,seitic  dna  noitcurtsed  fo  any eno  tnalp  lliw  fe f evitce ly tlah   

eht  noitcudorp  fo  t skna . erehT  si  na  etuca  egatrohs  fo  ,leuf  hcihw  stimil  ot  ppus ly ot  000,54  ertil  rof   siht  

ralucitrap  noissim . ynA  rebmob  tnes  ot  any ralucitrap  ic ty tsum  evah  ta  l tsae  one u hg  leuf  rof  eht   dnuor  

pirt  sulp  001  il t ser .  

ehT  rebmun  fo  srebmob  elbaliava  ot  eht  ammoc n red  dna  rieht  d noitpircse s, era  sa  lof l :swo   

rebmoB  t epy  oitpircseD n rtil/mK e rebmuN  baliava le  

A yvaeH  2 04   

B uideM m .2 5 03   
 
 
In noitamrof  tuoba  eht  noitacol  fo  eht  stnalp  dna  th rie  ilibaborp ty of ieb ng at dekcat  by a m muide  rebmob   

dna  a aeh vy rebmob  si  gi woleb nev :  

ytilibaborP  fo  rtsed u noitc  by  

yvaeh A  A  muidem  

ebmob r bmob re   

2 04   

.2 5 03   
 
 

woH  am ny fo  hcae  t epy  fo  srebmob  dluohs  eb  id s ,dehctap  dna  how dluohs  yeht  be detacolla  oma ng  eht  

ruof  stegrat  ni  ro d re  ot  max ezimi  eht  ilibaborp ty of s sseccu ?  
 
 

 :noituloS  

teL  x ji  si  rebmun  fo  ob m reb  tnes .  

ehT  evitcejbo  si  ot  am x ezimi  eht  ilibaborp ty of s sseccu  ni  rtsed o iy ng ta  tsael  eno  tnalp  dna  siht  is  

tnelaviuqe  ot  gniziminim  eht  ilibaborp ty fo  ton  iyortsed ng any tnalp . teL  Q etoned  ilibaborp siht ty:  

,neht  Q = 1(  – )1.0  xA1 . 1(  –  )2.0 x 2A  . 1(  – )51.0  x 3A . 1(  – )52.0  x 4A  .  

1(  – )80.0  xB1 . 1(  – )61.0  xB2 . 1(  – )21.0  xB3 . 1(  – )02.0  x 4B   
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ereh  eht  evitcejbo  itcnuf on si  non - raenil  tub  ti  nac  eb  decuder  ot  t eh  l eni ar f mro .  

ekaT  log no  htob  ,edis  ,revoerom  gniziminim  gol  Q si  tnelaviuqe  ot  am x gnizimi  – gol  Q ro  am x imi z gni   

/1 gol Q  

gol  Q/1  = -(x 1A  gol  9.0  + x 2A  gol  8.0  + x 3A  gol  .0 85 + xA4 l go  57.0  +  

x 1B  gol  29.0  + xB2 gol  48.0  + x 3B  gol  88.0  + xB4 l go  )08.0   

ofereht r ,e  eht  evitcejbo  si  ot  am x mi zi e  
 
 

gol  Q/1  = - 7540.0( x 1A  + 19690.0  x 2A  + 14070.0  x 3A  + 38421.0  x 4A  +  

32630.0 xB1 + x27570.0 2B  + 83550.0 x 3B  + 19690.0 xB4)  
 
 

ehT  stniartsnoc  ,era  eud  to detimil  ppus ly fo  euf l  
 

+ 01 0 � × A1 + × 

 
+ 01 0 � × B4 ≤ 45 000,  

 
 
 

taht  ,si  005 x 1A  + 055  x 2A  + 006  x 3A  + 007  xA4  +  

024 xB1 + x064 2B  + 005 xB3 + 085 x 4B  ≤ 000,54   

eud  ot  detimil  rebmun  fo  stfarcria ,  

xA1 + xA2 + xA3 + xA4 ≤ 04   

xB1 + xB2 + xB3 + xB4 ≤ 3  0  
 
 

7 elpmaxE  :  

A repap  llim  secudorp  sllor  fo  repap  desu  hsac  retsiger . hcaE  llor  fo  repap  si  m001  ni  htgnel  dna  nac   eb  

decudorp  ni  shtdiw  fo  6,4,2  dna  01  mc . ehT  s’ynapmoc  noitcudorp  ssecorp  stluser  ni  sllor  taht  era  mc42   

ni  wi .htd  suhT  eht  apmoc ny tsum  tuc  sti  42  cm llor  ot  t eh  derised  wi .htd  tI  sah  is x cisab   gnittuc  

evitanretla  sa  :swollof  
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� 2 × 

� 
� 2 × 

� 

004  
2 
004  
5.2  

� � 
� � 

+ 01 0 � × A2 + × � � 
� � 

� 

 
� 

� � 
� � 

� 
� 

+ 01 0 � × A4 + 

� � 
� 2 � 2 � � 

� � 
+ 01 0 � × B2 + × � 2 + 01 0 � × B1 + × + 01 0 � × B3 + × � � 

� � � � � 
� 
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ehT  am x mumi  dnamed  rof  eht  ruof  sllor  si  sa  of ll swo   

lloR  c(htdiw m) dnameD   

2  0002  

4  0063  

6  0061  

10 005   

ehT  repap  llim  sehsiw  ot  eziminim  eht  etsaw  user l gnit  orf m t ir mm gni  ot  is ze. etalumroF  the P.L  edom l.  

 :noituloS  

teL  x1, x2, x3, x4, x5, x6 tneserper  eht  rebmun  of semit  hcae  gnittuc  anretla it ev  is to eb  desu .  
 
 

evitcejbO  si  ot  eziminim  eht  mirt  ,sessol  taht  ,si  mini im ze Z = 2 X( 3 X+ 4+X5 X+ 6)  

ehT  stniartsnoc  era  no  the tekram  ed m dna  rof  hcae  t epy  fo  htdiw llor :  

rof  llor  htdiw  2 fo  ,mc  x6 1 + x3 + x4 6 ≥ 000,2   

rof  llor  htdiw  4 fo  ,mc  x3 1 + x3 2 + x3 + 4x5 ≥ 006,3   

rof  llor  htdiw  6 fo  ,mc  x2 2 + x3 + x2 4 + x5 + x6 ≥ 006,1   

rof  llor  htdiw  01 fo  ,mc  x3 + x4 ≥  005  

 
 

lacihparG  noituloS  M te h do   
 
1. ehT  noitcelloc  fo  lla  saef i elb  snoitulos  ot  na  PL  pr melbo  setutitsnoc  a noc ve  x tes  esohw  ex emert   

stniop  dnopserroc  ot  eht  sab ic fe elbisa  s tulo i sno .  
2. erehT  era  a etinif  rebmun  fo  cisab  elbisaef  snoitulos  nihtiw  eht  saef ible ulos it no  ecaps  .  
3. fI  eht  noc ve  x tes  fo  eht  elbisaef  snoitulos  fo  eht  s metsy  Ax ,b=  x ,0≥  si  a evnoc x op lyh ,norde  t neh   

ta  tsael  eno  fo  eht  ex emert  stniop  gi sev  na  po t ami l os l noitu  .  
4. fI  eht  lamitpo  noitulos  srucco  ta  erom  naht  one ex emert  ,tniop  neht  eht  lav ue fo  eht  cejbo t evi   

noitcnuf  lliw  eb  eht  emas  rof  lla  evnoc  x bmoc i an it no s fo  eht se ext er me op ints.  
 

emertxE  tnioP  unE m noitare  hcaorppA   
 

sihT  noitulos  dohtem  rof  na  PL  borp lem is di dediv  otni  fi ev  spets .  
 

1petS : etatS  eht  ig v ne  melborp  ni  eht  lacitamehtam  mrof  sa  i detartsull  ni  t eh  verp i suo  ch retpa .  
 :2petS hparG  eht  ,stniartsnoc  yb  iraropmet ly i gnirong  eht  ytilauqeni  si ng  dna  ediced  tuoba  eht   

aera  of elbisaef  s snoitulo  idrocca ng ot  eht  ilauqeni ty si ng  fo  eht  oc tsn ar i stn . I ht etacidn e  
aera  fo  elbisaef  snoitulos  yb  a dedahs  ,aera  hcihw  smrof  a evnoc  x op l rdehy on  .  

3petS : enimreteD  eht  co setanidro  fo  eht  ex emert  stniop  fo  eht  elbisaef  os l noitu  ecaps  .  
4petS : etaulavE  eht  v eula  fo  eht  evitcejbo  itcnuf on ta  hcae  ex emert  op int.  
5petS : enimreteD  eht  ex emert  tniop  ot  niatbo  eht  mumitpo  )tseb(  eulav  fo  t eh  bo j tce i ev  uf nct noi .  
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sepyT  fo  lacihparG  tulos ions.  
• elgniS  os lut snoi .  
• euqinU  ulos it sno .  
• dednuobnU  snoitulos .  
• tluM i elp  os lut snoi  .  
• elbisaefnI  snoitulos .  

 
axE m elp  1.  
esU  eht  hparg i lac  htem od ot  evlos  eht  gniwollof  PL  elborp m  

ezimixaM  =Z  51 x 2x01+1   
tcejbuS  ot  eht  niartsnoc t  s  

2x6+1x4 063≤   
2x0+1x3 081≤   
2x5+1x0 002≤   

dna  ,1X x2≥  0  
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NU TI -  II  

L eni ar rP go ra mm ing rP o lb ems  

 
elpmiS x hteM od  

1 elpmaxE  qinU( ue sol )noitu   

xaM  3=Z x1 x5+ 2 4+ x3  

tcejbuS  t  o  

x2 1 x3+ 2 ≤ 8  

x2 2 x5+ 3 ≤ 10  

x3 1 x2+ 2 x4+ 3 ≤ 15  

x1, x2, x3 ≥ 0  

 :noituloS  

gnicudortnI  non - evitagen  kcals  bairav l se  s1, s2 & s3 ot  trevnoc  ilauqeni ty co stniartsn  ot  ilauqe ty neht   eht  

PL  melborp  semoceb  ,  
 
 

xaM  x3=Z 1 x5+ 2 x4+ 3 s0+ 1 s0+ 2 s0+ 3  

tcejbuS  t  o  

x2 1 x3+ 2 s+ 1 8=   

x2 2 x5+ 3 s+ 2 01=   

x3 1 x2+ 2 x4+ 3 s+ 3 51=   

x1, x2, x3, s1, s2, s3 ≥  .0  
 
 

Cj 3 5 4 0 0 0  

Cb cisaB  tuloS i no  X1 X2 X3 S1 S2 S3 aR it o  

selbairaV   

0 S1 8 2 3 0 1 0 0 3/8   

0 S2 10 0 2 5 0 1 0 2/01   

0 S3 15 3 2 4 0 0 1 2/51   

Zj 0 0 0 0 0 0  

Cj-Zj 3 5 4 0 0 0  
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5 X2 8/3 3/2  1 0 3/1  0 0 --  

0 S2 41 /3 - 3/4  0 5 - 3/2  1 0 51/41   

0 S3 42 /3 3/5  0 4 - 3/2  0 1 21/92   

Zj 3/01  5 0 3/5  0 0  

Cj-Zj - 3/1  0 4 - 3/5  0 0  

5 X2 8/3 3/2  1 0 3/1  0 0 4  

4 X3 41 /15 - 51/4  0 1 - 51/2  5/1  0 - ev   

0 S3 98 /15 1/14 5 0 0 - 51/2  - 5/4  1 14/98   

Zj 1/43 5 5 4 1/71 5 5/4  0  

Cj-Zj 1/11 5 0 0 - - 5/4  0  

 51/71  

5 X2 05 /41 0 1 0 4/51 1 14/8  -  

01 / 14   

4 X3 26 /41 0 0 1 - 14/6  14/5  4/ 14   

3 X1 98 /41 1 0 0 - 14/2  - 51 /41  

14/21   

Zj 3 5 4 4/54 1 4/42 1 11 /41  

Zj-Cj 0 0 0 - ev  - ev  -ve  
 
 

llA  Zj –Cj < non rof 0 - elbairav cisab . Th erofere  the lamitpo  noitulos  is dehcaer .  

X1 ,14/98=  X2 ,14/05=  X3 26= / 14   

Z = 3 +14/05*5+14/98* 4 14/26*  = 567 / 14   
 
 

elpmaxE  :2 nuobnu( d de )  

xaM  x4=Z 1 x+ 2 3+ x3 x5+ 4  

tcejbuS  t  o  

x4 1- x6 2- x5 3- x4 4 ≥ -  02  

-3x1- x2 2 x4+ 3+x4 ≤10  

-8x1- x3 2 x3+ 3 2+ x4 ≤ 20  

x1, x2, x3, x4 ≥  .0  

 :noituloS  

ecniS  eht  SHR  fo  eht  rif st stniartsnoc  si  evitagen  , tsrif  ti  lliw  eb  edam  evitisop  by mul pit l iy ng b  y  
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– ,1  - x4 1 x6+ 2 x5+ 3 x4+ 4 ≤  02  

dortnI u ic ng non - evitagen  kcals  bairav le s1, s2 & s3 ot  trevnoc  ilauqeni ty oc n tniarts  ilauqe ot t t neht y h  e  

PL  melborp  semoceb  .  

xaM  x4=Z 1 x+ 2 x3+ 3 x5+ 4 s0+ 1 s0+ 2 s0+ 3  

tcejbuS  t  o  

- 02=1s0+4x4+3x5+2x6+1x4   

- 1x3 - 01=3s+4x+3x4+1x2   

- 1x8 - 02=4s+4x2+3x3+2x3   

x ,1 x ,2 x ,3 x 3s,2s,1s,4  ≥ 0  

Cj 4 1 3 5 0 0 0  

Cb selbairaV  tuloS i no  X1 X2 X3 X4 S1 S2 S3  oitaR  

0 S1 20 -4 6 5 4 1 0 0 5  

0 S2 10 -3 -2 4 1 0 1 0 01   

0 S3 20 -8 -3 3 2 0 0 1 01   

jZ  0 0 0 0 0 0 0  

CJ-Zj 4 1 3 5 0 0 0  

5 X4 5 -1 2/3  5/4 1 ¼ 0 0 -ve  

0 S2 5 -2 - 2/7  11 /4 0 - 4/1  1 0 -ve  

0 S3 10 -6 -6 ½ 0 - 2/1  0 1 -ve  

Zj -5 2/51  52 /4 5 5/4 0 0  

Cj-Zj 9 - 2/31  - 31 /4 0 - 4/5  0 0  
 
 

ecniS  lla  eht  oitar  si  ,evitagen  eht  eulav  fo  mocni i gn  non -b cisa  elbairav  x1 nac  eb  am de sa  ral eg  sa   ew  

ekil  tuohtiw  gnitaloiv  idnoc it no . ,eroferehT  eht  melborp  sah  na  dednuobnu  ulos it no  .  
 
 

elpmaxE  :3 i( n etinif  tulos i )no   

xaM  4=Z x1 x01+ 2  

tcejbuS  t  o  

x2 1 x+ 2 ≤  ,01  

x2 1 x5+ 2 ≤  ,02  

x2 1 x3+ 2 ≤ 81 . x1, x2 ≥  .0  

 :noituloS  
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ecudortnI  eht  on n- tagen i ev  kcals  selbairav  ot  oc n trev  ilauqeni ty niartsnoc t ot  ilauqe t ,y  neht  eht  PL   

melborp  semoceb  ,  

xaM  x4=Z 1 x01+ 2 s0+ 1 s0+ 2 s0+ 3  

tcejbuS  to x2 1 x+ 2 s+ 1 ,01=   

x2 1 x5+ 2 s+ 2 ,02=   

x2 1 x3+ 2 s+ 3 1= 8. x1, x2, s1, s2, s3 ≥  .0  
 
 

Cj 4 10 0 0 0  

Cb elbairaV s nloS  X1 X2 S1 S2 S3  oitaR  

0 S1 10 2 1 1 0 0 01   

0 S2 20 2 5 0 1 0 4  

0 S3 18 2 3 0 0 1 6  

Zj 0 0 0 0 0  

Cj-Zj 4 10 0 0 0  

0 S1 6 8/5 0 1 - 5/1  0 51 /4  

10 X2 4 2/5 1 0 1/5 0 01   

0 S3 6 4/5 0 0 - 5/3  1 51 /2  

Zj 4 10 0 2 0 0=1x*   

Cj-Zj 0 0 0 -2 0 04=Z,4=2X   

4 X1 51 /4 1 0 5/8 - 8/1  0  

10 X2 5/2 0 1 -1/4 ¼ 0  

0 S3 3 0 0 -1/2 - 2/1  1  

Zj 4 10 0 0 0  

Cj-Zj 0 0 0 0 0  

 
 
 

llA*  jC - jZ  si  rehtie  0 ro  n ,evitage  ti  ig v se  t eh  po t lami  sab ic fe bisa le ulos it no .  

tuB  eno  on fo n- ( elbairav cisab x1)  si 0. ti  setacidni  eht  ecnetsixe  fo  na  retla n evita  lamitpo  cisab  isaef b el   

sol oitu n.  
 
 
fI  2 cisab  elbisaef  mitpo al noitulos  era  ,nwonk  na  i etinifn  rebmun  fo  non -basic saef i elb  itpo m la  ulos it no   

nac  eb  devired  by gnikat  yna  ew i dethg  av egare  fo  eseht  2 snoitulos .  
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elbairaV s 1 2  

X1 0 51 /4  

X2 4 5/2  

 
 

noitaziminiM  esaC   

nI  rec t nia  snoitautis  ti  si  tluciffid  ot  niatbo  na  laitini  cisab  saef ible ulos t noi   

a( ) nehW  eht  stniartsnoc  era  fo  mrof eht  ≤  

 E (aj.xj) ≤ bj. Xj ≥ 0.  

tuB  emos  SHR  niartsnoc ts era  ne ag it ev . nehT  ni  siht  esac  fa t re  idda ng eht  n no - evitagen  kcals   

selbairav  Si eht  ulos laitini it no  so bo tai den  wi ll  eb  si=bi. tI  setaloiv  eht  non - evitagen  noitidnoc  fo   

kcals  elbairav  .  

b( ) nehW  eht  stniartsnoc  era  fo  mrof eht  ‘≥’  

 E (aj.xj) ≥ bj Xj ≥ 0.  

nI  siht  esac  ot  trevnoc  eht  seitilauqeni  otni  ,noitauqe  ew  are idda ng lprus us ,selbairav  neht  we teg   

eht  laitini  tulos i no   si  

-si=bi  

si=-bi hcihw  setaloiv  eht  non - evitagen  noitidnoc  fo  eht  rav i ba les.  

oT  evlos  eseht  epyt  fo  smelborp  ew  era  gnidda  laicifitra  elbairav . suhT  eht  wen  noitulos  ot  eht  evig n  PL  

melborp  seod  ton  etutitsnoc  a noitulos  ot  eht  giro i lan  s metsy  fo  snoitauqe  b esuace  the 2 s metsy  fo   

noitauqe  era  ton  nelaviuqe t.  

suhT  ot  teg  kcab  ot  eht  lanigiro  melborp  laicifitra  elbairav  tsum  eb  nevird  to 0 ni  eht  po it am l sol noitu .  

erehT  era  2 sdohtem  ot  etanimile  eseht  selbairav   

)1  owT   esahP met oh d  

)2  giB   M m  ro dohte P ane tl sei .  
 
 

giB - M dohtem  ro  eht  dohtem  o  f :seitlanep   

nI  siht  dohtem  eht  laicifitra  selbairav  era  gissa n de  a egral  p lane ty (-M for max & M+  rof  nim . elborp m )s   

ni  eht  evitcejbo  noitcnuf  .  
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4 elpmaxE :  

xaM  Z 3= x1-x2,  

tcejbuS  t  o  

x2 1 x+ 2 ≥ 2  

x1 x3+ 2 ≤ 3  

x2 ≤ 4 x1,x2 x, 3 ≥ 0  

oituloS n  :  

ecudortnI  ,kcals  sulprus  & laicifitra  elbairav  ot  trevnoc  ilauqeni ty otni  ilauqe ty neht  eht  PL  elborp m  

 semoceb  

xaM  Z x3= 1-x2 s0+ 1 s0+ 2 s0+ 3 A0+ 1,  

tcejbuS  t  o  

x2 1 x+ 2-s1 A+ 1 2=   

x1 x3+ 2 s+ 2 3=   

x2 s+ 3 4=  x1,x2 x, 3 s, 1,s2,s3 A, 1 ≥ 0  
 
 

Cj 3 -1 0 0 0 -M  

Cb elbairaV s loS n X1 X2 S1 S2 S3 A1 aR t oi   

1 A1 2 2 1 -1 0 0 1 1  

0 S2 3 1 3 0 1 0 0 3  

0 S3 4 0 1 0 0 1 0 -  

Zj -2M -M M 0 0 -M  

Cj-Zj M2+3  - +1 M -M 0 0 0  

3 X1 1 1 ½ - 2/1  0 0 ½ -  

0 S2 2 0 2/5  ½ 1 0 -1/2 2  

0 S3 4 0 1 0 0 1 0 -  

Zj 3 2/3  - 2/3  0 0 3/2  

Cj-Zj 0 - 2/5  2/3  0 -  

3 X1 3 1 3 0 1 0 0  

0 S1 4 0 5 1 2 0 -1  

0 S3 4 0 1 0 0 1 0  

Zj 3 9 0 3 0 0  

Cj-Zj 0 -10 0 -3 0 4  

 
rapeD tme tn  fo  E&SC , S BJ IT	 egaP 	 52 	



snoitarepO  hcraeseR  [ 166SC60 ]  

ecniS  eht  eulav  fo  Cj-Zj si  rehtie  evitagen  or 0 nu d re  lla  oc l snmu  eht  itpo mal os lut noi  ah  s neeb  deniatbo .  

x eroferehT 1  3= & x2 0= , x3=Z 1-x2 3*3=  9=   
 
 

5 elpmaxE  A(  esac  of n  o elbisaef  noitulos  )  

eziminiM  x=Z 1 x2+ 2 x+ 3,  

tcejbuS  t  o  

x1 x2/1+ 2 x2/1+ 3 ≤ 1  

x2/3 1 x2+ 2 x+ 3 8=>   

x1, x2, x3 ≥ 0  

 :noituloS  

ecudortnI  ,kcats  sulprus  & laicifitra  bairav le ot  trevnoc  ilauqeni ty otni  ilauqe ty neht  eht  PL  ,semoceb   

xaM  =*Z -x1- x2 2-x3 s.0+ 1 s0+ 2- AM 1 erehW  =*Z -  Z  

tcejbuS  t  o  

x1 x2/1+ 2 x2/1+ 3 s+ 1 1=   

x2/3 1 x2+ 2 x+ 3-s2 A+ 1 8=   

x1, x2, x3, s1, s2, A1 ≥ 0  

Cj -1 -2 -1 0 0 -M  

Cb raV  loS n X1 X2 X3 S1 S2 A1 aR t oi   

0 S1 1 1 ½ ½ 1 0 0 2  

-M A1 8 2/3  2 1 0 -1 1 4  

Cj - M3 /2 -2M -M 0 M -M  

Cj-Zj - - - +1 M 0 -M 0  

2/M3+1  2+  M2  

-2 X2 2 2 1 1 2 0 0  

-M A1 4 - 2/5  0 -1 -4 -1 1  

Cj - 2/m5+4  -2 - +2 M - M -M  

 M4+4  

Cj-Zj 3- 2/M5  0 1-M 4-4M -M 0  
 
 

ecniS  Cj - Zj si  rehtie  evitagen  ro  orez  rav eht & i  elba itra sniatnoc nmuloc f ci ia  l rav i ba le A1 si  ton  ta  Ze  or  

level .  

nI  siht  dohtem  ereht  si  a ilibissop ty fo  am ny  sesac  
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1. nmuloC  elbairav  iatnoc ns on  laicifitra  rav i ba le. I  n siht  esac  eunitnoc  eht  noitareti  t li l na  itpo m mu   

noitulos  si  deniatbo .  

2. nmuloC  elbairav  iatnoc ns ta  tsael  eno  fitra i laic  elbairav  TA  oreZ  level  & all Cj-Zj is  rehtie  

evitagen  ro  oreZ . nI  siht  esac  eht  ruc r tne  cisab  elbisaef  noitulos  si  mumitpo  hguorht  d nege e etar  .  

3. nmuloC  elbairaV  iatnoc ns ta  tsael  eno  fitra i laic  va elbair  ton  ta  oreZ  l eve l. oslA  Cj - Zj 0=< . nI  siht   

esac  eht  tnerruc  cisab  f elbisae  noitulos  si  ton  lamitpo  ecnis  eht  evitcejbo  noitcnuf  liw l noc tain  

nwonknu  itnauq ty ,M  Su hc  a noitulos  is ac l del  ps odue - po t umi m os l noitu  .  
 
 

ehT  owT  esahP  teM hod  

esahP  I:  

petS  :1  erusnE  taht  lla  )ib(  era  on n- evitagen . fI  emos  fo  meht  era  ,evitagen  ekam  meht  non - evitagen   

yb  pitlum l iy ng htob  edis b s  y –1.  

petS  2: Ex sserp  eht  stniartsnoc  ni  st dradna  mrof .  

petS  3: ddA  non - evitagen  laicifitra  va .selbair  

petS  4: etalumroF  a wen  evitcejbo  ,noitcnuf  cihw  h isnoc ts s fo  t eh  us m fo  eht  fitra icia  l va selbair . ihT s  

noitcnuf  si  dellac  ilibisaefni ty noitcnuf .  

petS  5: gnisU  elpmis  x em t doh  nim i im ze eht  wen  bo j tce i ev  cnuf it no  s.t. eht  stniartsnoc  fo  eht  ro i nig al  

melborp  & niatbo  eht  po t mumi  cisab  bisaef le uf nc noit .  

eerhT  sesac   :esira -  

1. niM  *Z  & ta  tsael  eno  ra t laicifi  elbairav  sraeppa  ni  nmuloc  elbairav  ta  evitisop  level . nI  hcus  a  

,esac  on  f elbisae  noitulos  ex stsi  rof  eht  PPL  & rp o erudec  si  ter im an t de .  

2. niM  0=W  & ta  tsael  eno  laicifitra  rav i elba  raeppa  s ni  nmuloc  elbairav  ta  oreZ  level . I  a hcus n  

esac  eht  mumitpo  cisab  elbisaef  noitulos  ot  eht  ilibisaefni ty mrof  may or yam  ton  be a cisab   

 ot noitulos elbisaef lanigiro nevig eht  PPL . oT  niatbo  a cisab  fe elbisa  noitulos  eunitnoc  esahP  I  &  

yrt  ot  evird  lla  laicifitra  v selbaira  tuo  & neht  tnoc i eun  esahP  II .  

3. niM  0=W  & on  laicifitra  elbairav  pa p srae  ni  nmuloc  elbairav . nI  hcus  a ,esac  a cisab   elbisaef  

noitulos  ot  eht  lanigiro  PPL  sah  neeb  dnuof . deecorP  esahP ot  II  .  

II esahP :  

esU  eht  mumitpo  cisab  elbisaef  noitulos  fo  esahP  I sa  a itrats ng noitulos  rif  eht  igiro nal L PP . gnisU   

elpmis x dohtem  ekam  noitareti  llit  na  mumitpo  cisab  elbisaef  noitulos  rof  i  t si  deniatbo .  

toN e  :  

ehT  wen  evitcejbo  noitcnuf  si  wla a sy  fo  noitaziminim  type sseldrager  fo  w rehteh  eht  nevig  o igir n la   

PPL  si  fo  am x  nim ro type.  
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6 elpmaxE :  

xaM  x3=Z 1 x2+ 2 2+ x3,  

tcejbuS  t  o  

x5 1 x7+ 2 4+ x3 ≤ 7  

-4x1 x7+ 2 x5+ 3 ≥ -2  

x3 1 x4+ 2-6x3 ≥ 7/92   

loS ution:  

esahP  I  

tS pe  1:  

ecniS  rof  eht  dnoces  tniartsnoc  =2b - ,2  pitlum ly htob  sedis  by –1 t nar s of rm it to  

x4 1- x7 2- x5 3 ≤ 2  

St pe  2:  

ecudortnI  kcals  selbairav   

x5 1 x7+ 2 x4+ 3 s+ 1 7=   

x4 1- x7 2- x5 3 s+ 2 2=   

x3 1 x4+ 3- x6 3 s+ 3 7/92=   

St pe  3:  

gnittuP  x1 x= 2=x3 ,0=  ew  teg  s1 s,7= 2 s,2= 3=- sa7/92  laitini  cisab  saef ible os lut noi .  

revewoH  ti  si  ton  eht  sa noitulos elbisaef  s1 si  tagen i ev .  

ferehT o er  ecudortni  laicifitra  rav i elba  A1 rf om eht  evoba  C no ts ar i stn  nac   eb  

nettirw  sa   

x5 1 x7+ 2 x4+ 3 s+ 1 7=   

1x4 - x7 2- x5 3 s+ 2 2=   

x3 1 x4+ 2- x6 3-s3 A+ 1 7/92=   

ehT  wen  evitcejbo  nuf c A=*Z si noit  1  

jC  0 0 0 0 0 0 1  

CB raV  loS n X1 X2 X3 S1 S2 S3 A1 aR t oi   

0 S1 7 5 7 4 1 0 0 0 1  

0 S2 2 4 -7 -5 0 1 0 0 -  

1 A1 7/92  3 4 -6 0 0 -1 1  82/92  

Cj 3 4 -6 0 0 -1 1  
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Cj-Zj -3 -4 6 0 0 1 0  

0 X2 1 5/7 1 /4 7 1/7 0 0 0 5/7   

0 S2 9 9 0 -1 1 1 0 0 1  

1 A1 7/1  1/7 0 - 7/85  - 7/4  0 -1 1 1  

Cj 1/7 0 - 7/85  - 7/4  0 -1 1  

Cj-Zj -1/7 0 85 /7 4/7 0 1 0  

0 X2 7/2  0 1 492 7/  3 0 5 -5  

0 S2 0 0 0 25 1 37 1 63 -63  

0 X1 1 1 0 - 85  -4 0 -7 7  

Cj 0 0 0 0 0 0 0  

Cj-Zj 0 0 0 0 0 0 1  

ecniS  lla  Cj - Zj ≥ 0 eht  evitcejbo  noitcnuf  si  0 & no rav laicifitra i pa elba pea sr  ni  uloc mn rav i ba le t  eh  

elbat  sdleiy  eht  cisab  f ae s elbi  noitulos  ot  eht  lanigiro  melborp .  
 
 

esahP  II  

ehT  lanigiro  evitcejbo  fu noitcn  si   

xaM  x3=Z 1 x2+ 2 x2+ 3 s.0+ 1 s.0+ 2 s.0+ 3  

jC  0 0 0 0 0 0  

CB aV r loS n X1 X2 X3 S1 S2 S3 aR it o  

0 X2 7/2  0 1 42 3 0 5 741/1   

0 S2 0 0 0 25 1 37 1 63 0  

3 X3 1 1 0 -58 -4 0 -7 -  

Cj 3 2 -90 -6 0 -11  

Cj-Zj 0 0 92 6 0 11  

2 X2 7/2  0 1 0 25/95 1 - -  

25/24 1 14 /  125  

2 X3 0 0 0 1 25/73 1 1/ 125  36 / 25 1  

3 X1 1 1 0 0 25/26 1 25/85 1 7/ 25 1  

Cj 3 2 2 25/872 1 25/29 1 56 / 25 1  

Cj-Zj 0 0 0 - - -  

25/872 1 25/29 1 56 /  125  
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x1 x,1= 2 ,7/2= x3 0=   

7/52=z   
 
 

elpmaxE  7:  

deniartsnocnU(  )selbairav   

niM  2=Z x1 x3+ 2  

tcejbuS  t  o  

x1- x2 2 ≤0  

-2x1 x3+ 2 ≥ -6  

x1 x, 2 detcirtsernu .  

 :noituloS  

ehT  SHR  fo  2 dn  tniartsnoc  di  – ev  os  pitlum ly htob  edis s by –1 we eg t  

x2 1- x3 2 ≤ 6  

sa  elbairav  x1 & x2 era  detcirtsernu  ew  ex  sa meht sserp  

x1=y1-y2  

x2= y3-y4 

erehw  yi ≥ 0 ,3,2,1=i 4  

suht  eht  nevig  borp l me  si  t demrofsnar   ot  

nim  y2=Z 1- y2 2 y3+ 3- y3 4  

t.s . y1-y2- 2y3 2+ y  4 ≤ 0  

- y2 1- y2 2+ y3 3- y3 4 ≤ 6  

ecudortni  kcals  selbairav  ew  teg   

=Z niM  y2 1- y2 2 y3+ 3- y3 4 s0+ 1 s0+ 2  

tcejbuS  t  o  

y1-y2- y2 3 2+ y4 s0+  1 ≤0  

- y2 1- y2 2+ y3 3- y3 4 s0+ 2 ≤ 6  

erehw  lla  selbairav  era  ≥ 0  

Cj 2 -2 3 -3 0 0  

CB aV r nloS  Y1 Y2 Y3 Y4 S1 S2  oitaR  

0 S1 0 1 -1 -2 2 1 0 0  

0 S2 6 2 -2 -3 3 0 1 2  

Cj 0 0 0 0 0 0  
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Cj-Zj 2 -2 3 -3 0 0  

-3 Y4 0 ½ - 2/1  -1 1 ½ 0 -  

0 S2 6 ½ - 2/1  0 0 - 2/3  1 -  

Cj - 2/3  2/3  3 -3 2/3  0  

Cj-Zj 2/3  - 2/7  0 0 - 2/3  0  
 
 

llA   era soitar eht –ve  taht  eht  eulav  fo  eht  gnimocni  non - cisab  v elbaira  y2 nac  be  sa edam l egra   sa  

elbissop  tuohtiw  gnitaloiv  t eh  niartsnoc t. sihT  rp o melb  sah  dednuobnu  noitulos  & eht  it tare i no  st spo   

eh er  .  

toN e  :  

fI  eht  muminim  oitar  si  lauqe  ot  of r 2 ro  mo er  ,swor  artibra ry les e noitc  fo  1 fo  t seh e rav i selba  may resul  t  

ni  1 ro  erom  bairav le gnimoceb  0 ni  eht  en xt noitareti  & eht  melborp  si  ias d ot  eneged rate  .  

esehT  seitluciffid  ma eby  emocrevo  by gniylppa  eht  gniwollof  elpmis  erudecorp  dellac  rutrep b noita   

ohtem d.  

1. ediviD  hcae  tnemele  ni  eht  deit  swor  by eht  evitisop  oc - tneiciffe  of eht  key oc lumn ni  t ah  t  wor  

2. erapmoC  eht  gnitluser  ,soitar  nmuloc - yb - nmuloc  1 ts  ni  eht  itnedi ty & neht  in eht  ob dy morf  tfel   

thgir ot  .  

3. ehT  wor  hcihw  tsrif  noc t snia  eht  tsellams  arbegla ic oitar  sniatnoc  eht  uo tgo gni  rav i elba  .  

 
raeniL  rgorp a gnimm  - ytivitisnes  ylana is s  

 
llaceR  eht  noitcudorp  gninnalp  melborp  oc n enrec d htiw  ruof  stnairav  fo  eht  emas  tcudorp  hcihw  ew   

detalumrof  erofeb  na sa  PL . oT  dnimer  uoy  fo  ti  ew  er p tae  woleb  eht  p or b mel  dna  ruo  alumrof t noi  fo  ti .  
 

noitcudorP  gninnalp  p or b mel   
 
A apmoc ny utcafunam r se  ruof  stnairav  fo  the as me tcudorp  dna  ni  eht  anif l trap  fo  eht  unam f irutca ng  

ssecorp  ereht  era  bmessa l ,y  gnihsilop  dna  gnikcap  snoitarepo . roF  hcae  rav i tna  eht  deriuqer emit   rof  
eseht  epo r snoita  si  nwohs  woleb  ni(  )setunim  sa  is t eh  iforp t rep  tinu  dlos .  

 
lbmessA y Polish aP ck tiforP  )£(   

tnairaV  1 2 3 2 05.1   
2 4 2 3 05.2   
3 3 3 2 00.3   
4 7 4 5 05.4   

 
• neviG  eht  tnerruc  etats  fo  eht  ruobal  ecrof  eht  ynapmoc  etamitse  ,taht  hcae  ,raey  ht ey evah   

000001  setunim  fo  bmessa ly ,emit  00005  setunim  fo  gnihsilop  t emi  dna  60 000  im etun s fo   
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gnikcap  emit  elbaliava . woH  am ny fo  hcae  tnairav  dluohs  eht  ynapmoc  m eka  rep  raey  dna  wh ta   
si  eht  detaicossa  tiforp  ?  

• esoppuS  won  taht  eht  co apm ny si  eerf  ot  ediced  h wo  hcum  it me to oved te to hcae  fo  the t rh e  e  
snoitarepo  sa( s bme l ,y  po gnihsil  dna  ikcap n )g  nihtiw  eht  latot  bawolla le it em  fo  000012  =(   

000001  + 00005  + 0006 0) unim t se . woH  am ny fo  hcae  tnairav  dluohs  eht  ynapmoc  am ke rep   
raey  dna  tahw  si  eht  detaicossa  tiforp  ?  

 
noitcudorP  gninnalp  los ution  

elbairaV s  
 

:teL  xi eb  eht  rebmun  fo  stinu  fo  ,2,1=i( i tnairav 3 rep edam )4,  ey a  r  
 
T ssa  eb  eht  rep ylbmessa ni desu setunim fo rebmun   raey  
T lop  eb  eht  rebmun  of setunim  desu  ni  gnihsilop  p re  ey ar  
T cap  ep gnikcap ni desu setunim fo rebmun eht eb r  raey  
 

erehw  xi =>  0 4,3,2,1=i  dna  T ssa , Tp lo , Tpac =>  0  
 

stniartsnoC   
 

)a(  noitarepo  emit  inifed t noi   
 
T ssa  = x2 1 + x4 2 + x3 3 + x7 4 bmessa( l )y   
T lop  = 3x1 + 2x2 + 3x3 + x4 4 )hsilop(   
T cap  = x2 1 + x3 2 + x2 3 + x5 4  )kcap(  
 

)b(  noitarepo  it me l mi ti  s  
 

ehT  epo r noita  emit  stimil  dneped  nopu  eht  noitautis  eb i gn  snoc i dered . nI  erehw ,noitautis tsrif eht  th  e  
am x mumi  emit  taht  nac  eb  tneps  no  hcae  noitarepo  si  ,deificeps  ew  pmis ly h eva  :  

 
T ssa  =<  000001  )ylbmessa(   
T lop  =<  00005  )hsilop(   
T cap  =<  00006  )kcap(   
 
nI  eht  s dnoce  ,noitautis  erehw  eht  no ly noitatimil  si  no  eht  latot  emit  tneps  no  lla  ,snoitarepo  ew  si pm l  y  

:evah   
 
T ssa  + T lop  + T cap  =<  000012  latot(  t mi )e   
 

evitcejbO   
 

bamuserP ly ot  am x esimi  tiforp  - ecneh  ew  h eva   
 

am x esimi  x5.1 1 + x5.2 2 + x0.3 3 + x5.4 4  
 

hcihw  ig v se  su  eht  pmoc l ete  noitalumrof  fo  eht  pr bo l me .  
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A yrammus  of eht  tupni  ot  eht  retupmoc  egakcap  rof  eht  tsrif  s ti au t noi  noc is dered  in eht  tseuq i  no  

am( x mumi  emit  taht  nac  eb  tneps  no  hcae  noitarepo  )deificeps  is nwohs  b wole .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ehT  noitulos  ot  siht  melborp  is osla  s nwoh  eb l wo  .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

eW  tpo eht taht ees nac i eulav sah PL eht ot noitulos lam  00085  )£(  dna  ht  ta Ta ss ,00028=  Tp lo  ,00005=  
T cap ,00006=  X1 ,0=  X2 ,00061=  X3 0006=  dna  X4 0= .  
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sihT  neht  si  eht  PL  noitulos  - tub  ti  snrut  eht taht tuo  is elpm x rogla ti mh  a( s a yb - tcudorp  o  gnivlos f t  eh  
)PL  sevig  emos  lufesu  noitamrofni . sihT  noitamrofni  setaler  :ot   

 
• gnignahc  eht  evitcejbo  noitcnuf  ffeoc i tneic  rof  a v elbaira   
• icrof ng a v elbaira  hw i hc  si  tnerruc ly orez  ot  eb  non- orez   
• gnignahc  eht  thgir - dnah  edis  fo  a tniartsnoc .  

 
eW  laed  htiw  hcae  of eseht  ni  ,nrut  dna  eton  ereh  t tah  eht  ana l erp sisy s ne et d eb l wo  ON YL  seilppa  f ro   a  

elgnis  ,egnahc  fi  owt  ro  erom  sgniht  chan eg  neht  ew  evitceffe ly n eht evloser ot dee  PL  .  
 

• esoppus  ew  av ry eht  co tneiciffe  fo  X2 ni  eht  cejbo t evi  cnuf t noi . woH  lliw  eht  tpo PL i am s l ol  noitu  
?egnahc   

 
tnerruC ly X1 ,0=  X2 ,00061=  X3 0006=  dna  X4 0= . ehT  elbawollA  aM/niM  x )i(c  snmuloc  evoba  te ll  u  s  

,taht  dedivorp  eht  tneiciffeoc  fo  X2 ni  eht  evitcejbo  noitcnuf  eil s eb twe ne  2 1753.  dna  ,05.4  eht  av lu  se  fo  
eht  selbairav  ni  eht  lamitpo  PL  noitulos  lliw  niamer  degnahcnu . oN te hguoht  taht  eht  lautca  tpo mi al  

noitulos  eulav  iw ll  egnahc .  
 
nI  smret  fo  eht  ro i lanig  melborp  ew  era  ylevitceffe  sa iy ng taht  eht  d oisice  n ot  ecudorp  00061  fo  v ra i tna  2  

dna  0006  fo  rav i tna  3 sniamer  lamitpo  neve  fi  eht  tiforp  rep  tinu  no  nairav  t 2 si  ton  autca lly 5.2  ub( t li  se  
ni  eht  ar n eg   1753.2 to 4. )05 .  

 
ralimiS  snoisulcnoc  nac  eb  nward  tuoba  X1, X3 dna  X4.  

 
nI  smret  fo  eht  rednu l iy ng elpmis  x mhtirogla  siht  sesira  esuaceb  eht  ruc rent si elpm  x ab is c ulos it no   

etrev( x fo  eht  elbisaef  )noiger  sniamer  lamitpo  dedivorp  eht  tneiciffeoc  fo  X2 ni  eht  cejbo it ev  cnuf t noi   
seil  neewteb  1753.2  dna  05.4 .  

 
• rof  eht  rav i ,selba  eht  eR d decu  tsoC  nmuloc  sevig  ,su  rof  hcae  rav i elba  hw i hc  si  tnerruc ly rez o  

X( 1 dna  X4 ,)  na  tamitse e fo  woh  hcum  eht  itcejbo ve noitcnuf  lliw  ahc n eg  if ew  m eka   taht  
elbairav  non - orez .  

 
ecneH  ah ew v  elbat eht e  

 
lbairaV e X1 X4  

inutroppO ty soC t .1 5 2.0   
eulav weN  ro =(  )=>  X1=A X4 B=   

ro  X1 A=>  X4>=B  
detamitsE  evitcejbo  cnuf t noi  ahc n eg  A5.1  .0 2B  

 
ehT  evitcejbo  uf n noitc  liw l yawla s teg  esrow  og(  nwod  fi  ew  ah ve am a x og ,melborp noitasimi  pu  fi   ew  
evah  a noitasiminim  )melborp  by ta  tsael  siht  e ts etami . ehT  al r reg  A or B era  eht  om r aruccani e t ht e i  s  

etamitse  si  fo  eht  ex tca  egnahc  taht  dluow  rucco  fi  ew  erew  ot  loser ve eht  LP w ti h eht  dnopserroc ing  
tniartsnoc  rof  eht  n we  av l eu  fo  X1 ro  X4 dedda .  

 
ecneH  fi  ex tca ly 001  of v tnaira  eno  w ere  ot  be rp o decud  tahw  dluow  be yo ru  eht fo etamitse  ne  w  

evitcejbo  noitcnuf  ?eulav   
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etoN  ereh  th ta  eht  eulav  in eht  decudeR  tsoC  loc u nm  rof  a rav i elba  si  etfo n lac l de  t eh  " roppo t inu ty c tso "  
rof  eht  elbairav .  

 
etoN  ereh  naht  na  evitanretla  dna(  yllauqe  )dilav  noitaterpretni  fo  the der u ec d tsoc  is the amo nu t  

yb  hcihw  eht  evitcejbo  f noitcnu  feoc f tneici  rof  a elbairav  sdeen  ot  egnahc  bef ero  th ta  airav b el  wi ll   
emoceb  non - orez .  

 
ecneH  rof  elbairav  X1 eht  evitcejbo  noitcnuf  deen  s ot  ahc n eg  by 5.1  esaercni(  ecnis  ew  era  max )gnisimi   
erofeb  taht  elbairav  ceb o sem  non - orez . nI  rehto  w ,sdro  irrefer ng kcab  ot  our igiro n la  ,noitautis  eht  forp it  

rep  tinu  no  tnairav  1 ow u dl  deen  ot  deen  ot  cni r ae se by 5.1  b ofe r iforp eb dluow ti e t ba le to dorp u ec  an  y  
1 tnairav fo . ralimiS ly the tiforp  rep  tinu  no  tnairav  4 dluow  deen  ot  ercni a es  by 2.0  b ofe re i  t uow ld  eb  

elbatiforp  ot  ecudorp  any fo  nairav  t 4  .  
 

• rof  hcae  tsnoc r tnia  eht  co nmul  dedaeh  wodahS  Pri ec  te ll s su  yltcaxe  woh  m hcu  eht  bo j  evitce  
noitcnuf  lliw  ahc n eg  fi  ew  ahc n eg  eht  ri thg - dnah  s edi  fo  eht  idnopserroc ng niartsnoc t wi niht  t eh   

stimil  nevig  ni  eht  elbawollA  aM/niM x HR S nmuloc .  
 

ecneH  ew  nac  mrof  eht  elbat   
 

snoC t ar i tn  lbmessA y Polish aP ck  
ytinutroppO  tsoC  rongi( e )ngis  0 8.0 0 03.0   

egnahC  ni  thgir - dnah  edis  a b c  
evitcejbO  noitcnuf  ahc n eg  0 b08.0  c03.0   

rewoL  timil  rof  ri thg - ah nd edis  0028 0 0004 0  43.33333  
tnerruC  eulav  rof  ri thg - dnah  edis  000001  005 00 00006   

reppU  timil  rof  ri thg - ah nd is ed  - 0009 0 00057   
 

roF  ex elpma  rof  eht  ilop sh ,tniartsnoc  dedivorp  eht  thgir -h dna  edis  fo  taht  niartsnoc t niamer s eb tw ee n  
00004  dna  00009  eht  evitcejbo  noitcnuf  egnahc  lliw  eb  ex tca ly ahc[08.0 n eg  ni  thgir -h dna  edis  morf   
00005 ].  

 
ehT  noitcerid  fo  eht  ahc n eg  ni  eht  bo j evitce  uf n noitc  pu(  ro  )nwod  d dnepe  s nopu  eht  noitcerid  fo  ht  e  
ahc n eg  ni  eht  ri thg -h dna  edis  fo  eht  tniartsnoc  na d eht  erutan  fo  the tcejbo i ev  am( x esimi  ro  nim i )esim .  

 
oT  ediced  wh rehte  eht  ob evitcej  noitcnuf  lliw  og  up ro  nwod  esu  :  

 
• tniartsnoc  erom  )ssel(  er s evitcirt  retfa  egnahc  ni  thgir - dnah  edis  seilpmi  evitcejbo  noitcnuf  esrow   

)retteb(   
• fi  evitcejbo  si  am x esimi  )esiminim(  neht  esrow  me sna  nwod  ,)pu(  b rette  me sna  pu  )nwod(   

 
ecneH   

 
• fi  uoy  dah  na  ex art  001  h sruo  ot  hcihw  noitarepo  dluow  uoy  ssa i ng  it?  
• fi  uoy  dah  ot  ekat  05  sruoh  wa ay morf  gnihsilop  or ikcap ng hcihw  one ow u dl  uoy  oohc se?  
• tahw  dluow  eht  wen  evitcejbo  noitcnuf  eulav  be ni  eseht  owt  ac s se ?  

 
ehT  eulav  ni  eht  nmuloc  dedaeh  wodahS  rP i ec  for a tniartsnoc  si  netfo  dellac  eht  " lanigram  av lue"  ro  

" laud  ulav e" for taht  oc n ts ar i tn .  
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etoN  ,taht  sa  dluow  ees  m ,lacigol  fi  eht  tniartsnoc  si  esool  eht  wodahs  ecirp  si  z ore  sa(  fi  t eh  artsnoc in  t  si  
esool  a llams  ahc n eg  ni  t eh  hgir t- dnah  edis  onnac  t retla  eht  amitpo l sol )noitu .  

 
tnemmoC  s  

 
• tnereffiD  PL  p segakca  evah  tnereffid  stamrof  for i tuptuo/tupn  tub  eht  emas  amrofni it no  sa   

dessucsid  evoba  si  its ll  deniatbo .  
• uoY  yam  evah  dnuof  eht  evoba  isufnoc ng. sE s laitne ly eht  retni p noitater  fo  PL  uo t up t  si  

gnihtemos  taht  semoc  htiw  ecitcarp .  
• hcuM  fo  eht  noitamrofni  elbaniatbo  sa(  dessucsid  )evoba  sa  a by- dorp u tc  fo  eht  noitulos  fo  eht   

PL  melborp  c na  eb  fesu ul ot  tnemeganam  ni  gnitamitse  eht  fe f tce  fo  changes e( .g. ahc n seg   ni  
,stsoc  noitcudorp  ,seiticapac  )cte  wit uoh t gniog  ot  t eh  e/elssah x esnep  fo  ser o gnivl  eht  PL .  

• sihT  ytivitisnes  rofni m noita  sevig  su  a m erusae  fo  woh  subor t noitulos eht  si  e.i . tisnes woh i ev  i  t  
si  ot  segnahc  ni  i tupn  atad .  

 
etoN  ereh  th ,ta  sa  itnem o den  ,evoba  eht  ana l sisy  nevig  evoba  r gnitale  t  :o  

 
• gnignahc  eht  evitcejbo  fu noitcn  ffeoc i tneic  rof  a v ;elbaira  dna   
• icrof ng a v elbaira  hw i hc  si  tnerruc ly orez  ot  eb  non- ;orez   dna  
• gnignahc  eht  thgir - dnah  edis  fo  a tniartsnoc   

 
si  no ly dilav  elgnis a rof  egnahc . I  f owt  ro(  mo )er  ahc n seg  era  am d noitautis eht e  oceb m se   erom  

xelpmoc  dna  ti  semoceb  elbasivda  ot  evloser  eht  PL .  
 
 

raeniL  rgorp a gnimm  ytivitisnes  pmaxe el   
 

redisnoC  eht  raenil  rp o :marg   
 

am x  esimi  
x3 1 + x7 2 + x4 3 + 9x4  

tcejbus  to  
x1 + x4 2 + x5 3 + 8x4 =<  9 )1(   
x1 + x2 2 + x6 3 + 4x4 =<  7 )2(   
xi =>  0 4,3,2,1=i   
 

evloS  siht  raenil  argorp  m gnisu  eht  retupmoc  cap k ega .  
 

• tahw  era  the seulav  fo  the selbairav  ni  eht  amitpo l os l noitu ?  
• tahw  si  eht  lamitpo  evitcejbo  noitcnuf  eulav ?  
• hcihw  stniartsnoc  era  ?thgit   
• tahw  dluow  uoy  etamitse  eht  evitcejbo  noitcnuf  dluow  ahc n eg  ot  fi  :  

o ew  egnahc  eht  ri thg -h na  d edis  fo  tniartsnoc  )1(  ot  01   
o ew  egnahc  eht  ri thg -h na  d edis  fo  tniartsnoc  )2(  ot  5.6   
o ew  dda  enil eht ot a rp r o marg  eht  niartsnoc  t x3 =  7.0  

 
gnivloS  eht  melborp  gnisu  eht  p egakca  eht  tulos i no  :si   
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gnidaeR  morf  eht  otnirp ut nevig  oba ve  ew h  :eva  
 

• eht  elbairav  seulav  era  X1 ,5=  X2 ,1=  X3 ,0=  X4 0=   
• eht  lamitpo  evitcejbo  uf nc it no  av l eu  is  0.22  
• htob  stniartsnoc  era  ti thg  evah(  on  s al kc  ro  s ulpru s). etoN  ereh  taht  eht  mi( p )ticil  niartsnoc ts  

gnirusne  th ta  eht  bairav l se  era  non -n evitage  (xi =>  0 )4,3,2,1=i  era  (by noc v tne i )no  on t deredisnoc   
ni  gnidiced  hw i hc  stniartsnoc  era  ti thg .  

• evitcejbo  noitcnuf  chan eg  = 01( -9)  x 5.0  = 5.0 . ecniS  eht  tniartsnoc  si  rtser ssel ic it ev  t  eh  
evitcejbo  noitcnuf  lliw  teg  retteb . eH n ec  sa  ew  ah ev  a am x noitasimi  melborp  it liw l i esaercn .  

irrefeR ng ot  eht  ollA wab el  aM/niM  x SHR  nmuloc  ew  ees  taht  eht  n we  lav ue )01(  fo  t eh  right- 
dnah  edis  fo  tniartsnoc  )1(  si  nihtiw  eht  stimil  deificeps  t ereh  os  taht  t eh  new av l eu  fo   eht  

evitcejbo  noitcnuf  lliw  eb  xe a ltc y 0.22  + 5.0  = 22 .5  
• evitcejbo  noitcnuf  chan eg  = 7( - .6 5)  x 5.2  = 52.1 . ecniS  ew  era  ikam ng eht  snoc t tniar  m  ero  

vitcirtser e eht  evitcejbo  noitcnuf  iw ll eg t row se. H ecne  sa  ew  ah ve a am x tasimi i no  melborp  ti   
lliw  esaerced . sA  for )1(  evoba  eht  wen  eulav  fo  t eh  hgir t- dnah  edis  fo  oc n tniarts  )2(  si  htiw in t eh   

stimil  ni  eht  aM/muminiM x mumi  SHR  nmuloc  dna  os  eht  wen  av l eu  of ht e bo j tce i ev  cnuf it no   
lliw  eb  exac lt y  0.22 - .1 25 =  57.02  

• evitcejbo  noitcnuf  chan eg  = 7.0   x 5.31  = 54.9 . ehT  evitcejbo  noitcnuf  lliw  teg  esrow  (d ce r sae e)  
ecnis  ahc n ig ng any v elbaira  hcihw  si  orez  ta  eht  raenil  rp o gnimmarg  itpo m mu  to a non -z ore   
eulav  wla a sy  sekam  eht  evitcejbo  noitcnuf  row se. eW  etamitse  lliw ti taht  rced e esa  ot  0.22  -  54.9  

55.21 = . etoN  taht  eht  av l eu  uclac l deta  ereh  si  no ly na  etamitse  eht fo  ahc n ni eg  eht  cejbo it  ev  
noitcnuf  av l eu . ehT  lautca  ahc n eg  may be nereffid t morf  eht  etamitse  tub(  lliw  syawla  eb  =>  t  sih  
etamitse ).  

 
etoN  taht  ew  ,nac  fi  ew  ,hsiw  ex ticilp ly retne  eht  ruof  stniartsnoc  xi 0=>  4,3,2,1=i . hguohtlA  ht is is  

assecennu ry ecnis(  eht  egakcap  lacitamotua ly semussa  taht  hcae  v elbaira  si  )0=>  ti  si  ton  tcerrocni .  
,revewoH  ti  yam  retla  so em  fo  eht  noitulos  serugif  - ni  ralucitrap  eht  deR u dec  oC ts  gif u ser  may  eb  

reffid e tn . sihT  setartsulli  taht  gif hcus u ser  a er  on t ylirassecen  euqinu ly denifed  ta  eht  raenil   
gnimmargorp  lamitpo  os l noitu .  
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NU TI - II I  

Transpo tr a it on doM le   
dniF  eht  lamitpo  noitulos  rof  eht  iwollof ng nevig  TP m edo l.  

noitubirtsiD  nec t re  (to)  

1 2 3 4 ylppuS   

2 3 11 7 6  

1 0 6 1 1  

5 8 15 9 01   

meriuqeR e 7 5 3 2  

nts  
 
 

toN e  :  

fI  eht  ppus ly & d dname  era  qe u la  neht  ti  si  dellac  decnalab  to h esiwre  nu b decnala  .  

noN - etarenegeD :  

A cisab  elbisaef  noitulos  ot  a m(   x )n  noitatropsnart  melborp  taht  sniatnoc  ex tca ly n+m( - )1  oitacolla n in  

tnednepedni  sop i noit .  

etarenegeD : 

A cisab  elbisaef  noitulos  taht  sniatnoc  ssel  naht  m n+ -1 non -ne evitag  al ol itac sno   

dniF  cisaB  elbisaeF  oS ul noit   

)1  htroN  tseW  C ro n re  Ru el   

tratS  ni  eht  tsewhtron  oc r en r  

• If D1 S< 1, neht  tes  x1 lauqe  ot  D1 & deecorp  hor zi atno lly  .  

• If D1 S= 1, neht  tes  x1 lauqe  ot  D1 & deecorp  di oga n la ly.  

• If D1 S> 1, neht  tes  x1 lauqe  ot  S1 & deecorp  vert aci lly  .  
 
 

2 3 11 7  

6  

1 0 6 1  

1 

5 8 15 9  

5 3 2  
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10 5 3 2  

7 5 3 2  

6 0 0 0  

1 

ti  nac  eb  isae ly nees  taht  eht  desoporp  noitulos  si  a elbisaef  noitulos  ecnis  all eht  ppus ly & iuqer re em nt  

stniartsnoc  era  luf ly deifsitas . nI  siht  ,dohtem  snoitacolla  evah  neeb  edam  tuohtiw  any noc is de itar on  fo  

tsoc  fo  rofsnart m noita  detaicossa  htiw  meht .  

ecneH  the noitulos  deniatbo  may ton  eb  elbisaef  ro  eht  tseb  s tulo i no .  

ehT  tropsnart  tsoc  ssa o etaic  htiw  siht  os lut noi  si  :  

sR=Z  *8+1*1+6*2( 5 1+ 5 )2*9+3*  * 01 0  

sR=  4+1+21( 0 )81+54+  * 001   

sR=   00611  

)2  woR  iniM ma dohteM   

sihT  dohtem  stsisnoc  ni  gnitacolla  sa  hcum  sa  sop s elbi  ni  eht  tsewol  tsoc  ec ll fo  eht  1st wor  os  taht   rehtie  

eht  icapac ty of eht  1 ts  tnalp  e si x er eht ro detsuah q eht ta tnemeriu  j ht  ubirtsid it no  nec t re  is as t deifsi  o  r  

htob   

eerhT  sesac  :sesira  

• If eht  icapac ty fo  eht  1 ts  p tnal  si  etelpmoc ly ex uah s ,det  ssorc  ffo  the 1 ts  wor  & deecorp  ot  eht  2 dn  wor .  

• I  f eht  uqer i tnemer  fo  eht  jth o ssorc ,deifsitas si retnec noitubirtsid f j eht f ht  uloc mn & isnocer d re  t  eh  

1 ts  icapac gniniamer eht htiw wor ty  .  

• I  f eht  icapac ty fo  eht  1 ts  p tnal   eht sa llew sa r j ta tnemeriuqe ht  etelpmoc era retnec noitubirtsid l  y  

,deifsitas  ekam  a 0 noitacolla  ni  eht  2 dn  l tsewo  tsoc  ec ll fo  t eh  1 ts  wor . sorC s sa wor eht fo  lew  l sa   eht  

jth nmuloc  & evom  nwod  ot  t eh  2 dn  wor  .  
 
 

3 11 7  

6 0  

1  
1 0  

9  

2  
10 9 5 3 0  

 2  
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1 0 0  0  

0  

001=Z  * *0+2*6( 1 )2*9+3*51+4*8+1*5+   

001=  * +21( 0 4+23+5+ 5 )81+  001=  * 211  211= 00  

)3  uloC mn iniM ma teM h do   
 

2 3 11 7  

6  
6 0  

1 0 6 1  

1 
1 0  

5 8 15 9  

5 3 2  
 

10 5 3 2 0  
 
 

7 5 3  2  

6 0 0 0  

1 

 0  
 
 

=Z  81+51+8*5+0*5+1*1+6*2   

= 1+54+04+1+21 8  

= 611   
 
 

)4  tsaeL  tsoC  eM ht do   

sihT  dohtem  stsisnoc  fo  gnitacolla  sa  hcum  sa  sop s elbi  ni  eht  tsewol  oc ts  ec l ec/l lls& t neh  truf h  re  

noitacolla  si  2 eht htiw llec eht ni enod dn  tsewol  soc t.  
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3 11 7  

6 0  

0 6 1 

1 

8 15 9  

4 3 2  

 
5 2 0  

5 3 2  

1 4 0 0  

0  0  
 
 

=Z  1+54+23+5+0+21 8  

=  211  

 
 
 
5. s’legoV  noitamixorppA  dohteM   
 
 

3 11 7  
1 5 

 
0 6 1 

1 
 

8 15 9  
3 1 

 
 
 

5 3  2  

0 0 1 

 0  

[3] [5] ]6[   

[5] [4] ]2[   

* [4] ]2[   

[8] [4] ]9[   
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2  

6  

1 
 
 
5  

1  

 
10 9  

7  

0  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6 1 0 [ ]1  [1] [5] *  
 
 

1 0 [ ]1  * * * 
 
 

10 7 8 0 [ ]3  3[ ] [4] [ ]4   

1 

2  
 
 

1 
 
 
5  

 
 
 
7  

6  

0  

[ ]1   

[ ]3   

[ ]3   

[5]  

6 
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z = 2 + 51  + 1 + 03  + 54  + 9  

= 201   

ofreP rm tpO i ytilam  tseT   

nA  ilamitpo ty t tse  ,nac  o  f ,esruoc  eb  p fre o demr  o ln y no  taht  elbisaef  ulos t noi  ni  hw i hc  :  

a( ) rebmuN  fo  snoitacolla  si  m n+ -1 

)b(  esehT  n+m -1 snoitacolla  dluohs  eb  in nednepedni  t tisop i sno  .  

A elpmis  elur  rof  snoitacolla  ot  eb  ni  tnednepedni  snoitisop  si  t ah t i  t i  s opmi s bis le to evart  l orf  m an  y  

,noitacolla  kcab  ot  flesti  by a s seire  fo  ho latnozir  & lacitrev  spmuj  morf  one deipucco  ec ll ot  ona the ,r   

tuohtiw  a tcerid  er v lasre  etuor fo .  

woN  tset  decorp u er  for o ilamitp ty sevlovni  eht  ex noitanima  fo  hcae  v tnaca  llec  ot  dnif  rehtehw  or no  t  

gnikam  na  noitacolla  ni  ti  secuder  the latot  psnart ort ta i no  tsoc .  

ehT  2 sdohtem  lausu ly desu  :era  

)1(  gnippetS - enotS  dohtem   

)2(  ehT  deifidom  noitubirtsid  )IDOM(  m ohte  d  
 
 
1. ehT  gnippetS - enotS  teM h do   

teL  su  trats  htiw  any bra i art ry pme ty llec  a(  llec  tuohtiw  ,)noitacolla  yas  2( , )2  & etacolla  1+  tinu  to thi  s  

,llec  ni  redro  ot  peek  pu  t eh  nmuloc  2 noitcirtser  (- )1  tsum  eb  detacolla  ot  the ec ll )2,1(  dna  ke pe  t eh  r  wo  

1 ,noitcirtser  1+  tsum  eb  detacolla  ot  llec  ,1( 1) na  d tneuqesnoc ly (-1) tsum  eb  detacolla  ot  llec  )1,2( .  
 
 

2 +1 3 -1 11 7  

1 5  

1 -1 0 1+  6 1 

1  

5 8 15 9  

6 3 1  
 
 

ehT  ten  ahc n eg  ni  rt eht a atropsn it no  soc si t   

1*0= - 1*2+1*3 - 1*1  

=-2  
 
 

larutaN l ,y  sa  a tluser  fo  evoba  rutrep b ,noita  eht  noitatropsnart  tsoc  ced r desae  by –2  .  
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ehT  latot  rebmun  fo  pme ty llec  lliw  eb  n.m - n+m( - m(=)1 -1) n( - )1 ]  

hcuS  llec  noitaulave s tha  t  

llec  noitaulave  si  itagen v ,e   

taht  eht  noitulos  rednu   

evorpmi d.  

5 6  

2. ehT  idoM if ed  

dohtem  ro  u-v dohtem   

petS  1: teS  pu  eht  tsoc  irtam  x gniniatnoc  eht  tsoc  s cossa iat de  iw th eht  ce  sll  rof  

hcihw  snoitacolla  evah  neeb  edam  .  

V1=0 v2 0=  v3 0=  v4 0=   

u1=2 2 3 

u2=3 1 

u3=5 5 15 9  

 
petS  2: retnE  a n fo tes u V rebm j o pot eht ssorca f eht  mat ir x dna  a es  t fo  rebmun  Ui  

ssorca  eht  le tf  edis  os  taht  us rieht  sm lauqe  to th  e soc ts deretne  ni  tS pe  1  .  

uhT s,  

u1 v+ 1  2=  

u1 v+ 2  3=  

u2 v+ 4  1=  

teL  v1 0=   

 u1 2=  ; u2=-3  ; 

 
 
 
 
 

petS  3 htiw sllec tnacav eht lliF :  t eh  mus  fo  ui & vj  
 
 
 
 
 
 
 
 
 
 

rapeD tme tn  fo  E&SC , S BJ IT	 egaP 	 34 	

tsum  eb  detaluclac . I na f y  

eht  tsoc  nac  eb  decuder .  oS  

noitaredisnoc  nac  eb   

 
 
 

noitubirtsiD  M( O )ID   

0 1 10 4  

2 12 6  

-3 -3 -2 7  

= 

u3 v+ 1  5=  

u3 v+ 3 51=   

u3 v+ 4  3  9  
 

1 

15 9  

2  
 
 
5  u1 2=  ; v2 1=  ; v3 01=  ; v4 4=   
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:4 petS  tcartbuS  eht  llec  seulav  fo  eht  irtam  x fo  petS  3 morf  ro i lanig  soc  t m rta ix  .  

 
11 - 21  7-6  

+1 3 0+2 6-7  

8-6  
 
 
 
 
 
 

ehT  gnitluser  m irta  x si  dellac  llec  noitaulave  am trix.  
 

4  
ets p5: fI  any fo  the llec  snoitaulave  era  n  evitage t  eh  

noitulos  is on t lamitpo .  
 
 

etaretI  sdrawot  amitpo  l los u noit   

:1petsbuS  morF  eht  llec  noitaulave  irtam x, yfitnedi  t eh  llec  w ti h eht  tsom  evitagen  yrtne .  

teL  su  )3,1( llec esoohc .  

:2petsbuS  etirw  laitini  elbisaef  sol noitu .  

 
 

1 5  

- 
 
 

6  

+ - 

 
 
 
 

( kram kcehC  eht)  me pty llec  rof  hcihw  eht  llec  taulave i no  si  ne ag it ev . sihT  llec  si  ohc s ne   ni  

1petsbus  & si  dellac  edi n deifit  lec l.  

etsbuS p3: ecarT  a htap  in siht  irtam  x gnitsisnoc  fo  a seires  of retla n eta ly h latnoziro  & lacitrev  senil . ehT   

htap  snigeb  & etanimret  s ni  t eh  i ned t fi i de  ec ll. llA  srenroc  of eht  htap  i eil n eht  sllec  rof  hw i  hc  

snoitacolla  evah  neeb  ma ed . ehT  htap  may piks  ov re  any rebmun  fo  deipucco  ro  tnacav  lec ls.  
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etsbuS p4: kraM  eht  deifitnedi  sllec  sa  evitisop  and hcae  o deipucc  llec  ta  eht  srenroc  fo  t eh  pat  h  

evitanretla ly evitagen  & evitisop  & os  no .  

etoN  : nI  redro  ot  niatniam  ilibisaef ty etacol  eht  deipucco  llec  htiw  sunim  ngis  taht  sah  eht  sm la l tse   

 noitacolla  

etsbuS p :5  ekaM  a wen  noitacolla  ni  eht  deifitnedi  llec .  

1- 0=1  5 1  

1  

7 2 1  
 
 

2 3 11 7  
5 1 

 
1 0 6 1  

1 

 
5 8 15 5  

7 2 1 
 
 
 

ehT  latot  tsoc  fo  noitatropsnart  rof  2 siht nd elbisaef  s tulo i no  i  s  

sR=  )9*1+51*2+5*7+1*1+1*11+5*3(   

sR=  )9+03+53+1+11+51(   

 101 sR=  
 
 

kcehC  rof  ilamitpo ty  

nI  eht  evoba  elbisaef  los u noit   

a) rebmun  fo  snoitacolla  si  (m n+ - )1  i  s 6  

b) eseht  +m(  n – 1) itacolla on era  i edn p nedne t op is snoit .  

evobA  snoitidnoc  gnieb  s ,deifsita  na  ilamitpo ty et st nac  eb  rofrep m de .  

IDOM  ohtem d  

1petS : etirW  nwod  eht  tsoc  irtam  x rof  hcihw  a ll aco it no s evah  be ne  edam .  

2petS : retnE  a tes  n fo u V rebm j eht ssorca  o pot f irtam eht x dna  a es  t fo  rebmun  Ui ssorca  eht  l fe  t si ed   os  

taht  rieht  smus  lauqe  ot  eht  stsoc  etne r de  in S 1pet .  

,suhT   

u1 v+ 2=3 u3 v+ 1  5=  
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u1 v+ 3 1= 1 u3 v+ 3 51=   

u2 v+ 4=1 u3 v+ 4  9=  

teL  v1=0  

 u1 1=  ; u2=-3 ; u3 5=  ; v2 2=  ; v3 01=  ; v4 4=   

 
v1 v2  

u1 3  

u2  

u3  5  
 

3petS : lliF  eht  tnacav  ec l sl  w ti h eht  us ms fo  vj & ui  

v1 0=  v2 2=   

U1=1 1  

U2=-3 -3 -  1  

U3=5 7  
 
 

4petS : tcartbuS  morf  eht  lanigiro  m rta ix.  

2-1 7-5  

1+3 +0 1 6-7  

8-7  
 
 

:5petS  ecniS  eno  llec  si  ,evitagen  2nd saef ible os lut noi  si  ton  po t lami  .  

etaretI  sdrawot  na  lamitpo  noitulos   

:1petsbuS  yfitnedI  eht  llec  htiw  tsom  evitagen  yrtne . tI  si  )3,2( llec eht  .  

:2petsbuS  etirW  nwod  eht  elbisaef  noitulos  .  

5 1 

+ 1 - 

7 2 - 1 +  
 
 

:3petsbuS  ecarT  eht  htap .  

:4petsbuS  kraM  eht  deifitnedi  llec  sa  evitisop  & ot sreh  sa  evitagen  retla n evita ly  .  

:5petsbuS   

5 1 

hT i dr  saef ible os l tu ions  
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v3 v4  

11  

1 

15 9  

 
 

v3 1= 0 v4 4=   

5  

7  

 
 
 
 
 
1 2  

4 1 -  1  

-  1  
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1 

7 1 2  
 
 

)5*7+9*2+51*1+6*1+11*1+3*5(=Z   

001=   
 
 
 
 
 
 
 

tseT  rof  ytilamitpo   

nI  eht  evoba  elbisaef  snoitulos   

a) rebmun  fo  noitacolla  si  (m n+ - )1  taht  ,si   6  

)b  eseht  n+m( -1) era  nednepedni t.  

 :1petS putes  tsoc  am t xir   

3 11   

6  

5 15 9  

2petS : retnE  a tes  n fo u V rebm j eht ssorca  o pot f irtam eht x dna  a es  t fo  rebmun  Ui ssorca  eht  l fe  t si ed   os  

taht  rieht  smus  lauqe  ot  eht  stsoc  etne r de  in S 1pet .  

,suhT   

u1 v+ 2=3 u3 v+ 1  5=  

u1 v+ 3 1= 1 u3 v+ 3 51=   

u2 v+ 3=6 u3 v+ 4  9=  

tel  v1 = ,0  u3 5=  u2=- ,4  u1 ,1=  v2 ,2=  v3 ,01=  v4 4=   

eht  gnitluser  xirtam  si   

0 2 10 4  

1 1 5  

-4 -4 -2 0  

5 7  

tcartbuS  morf  ro i lanig  co ts  irtam x, ew  lliw  teg  llec  noitaulave  am t ir x  

1 2  

5 2 1  
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1 

ecniS  lla  eht  sllec  era  op s ,eviti  eht  driht  elbisaef  solut noi  is po timal os lut noi .  
 
 
 
 
 
 
 
 
 

tnemngissA  melborP   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

petS  :1  eraperP  a qs u era  irtam x: ecniS  eht  noitulos  sevlovni  a erauqs  am t ir x, siht  si pets  on  t ecen s as ry  .  
 

petS  :2  ecudeR  eht  rtam ix: sihT  sevlovni  t eh  of l gniwol  s sbu t spe  .  
petsbuS  :1  nI  eht  e ssenevitceff  irtam x, tcartbus  eht  muminim  tnemele  fo  hcae  row morf  lla  t eh   

stnemele  fo  t eh  wor . eeS  fi  ereht  si  tsaelta  one ez ro ni  wor hcae  dna  in each oc lumn. pots ,os si ti fI  ereh .  
fI  ti  si  s ,o  st po  ereh . fI  not petsbus ot deecorp  2  .  
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PETSBUS  :2  txeN  enimaxe  snmuloc  rof  elgnis  dekramnu  seorez  dna  kram  meht  batius ly  .  
 

PETSBUS  :3  nI  eht  p tneser  ex ,elpma  retfa  wollof i gn  spetsbus  1 dna  2 ew  fi dn  taht  eht ir eper it noit  is  
assecennu ry dna  osla  wor  3 dna  nmuloc  3 era  tuohtiw  yna  stnemngissa . ecneH  ew  deecorp  sa  swollof  ot   

dnif  eht  muminim  rebmun  fo  senil  issorc ng la l zer eo s.  
 

PETSBUS  :4  kraM  eht  swor  rof  hcihw  emngissa nt ah s ton  neeb  m eda . nI  o ru  i ti melborp t s eh  t drih  wor  .  
 

PETSBUS  :5  kraM  loc u snm  ton(  aerla dy ekram d) hcihw  evah  seorez  ni  dekram  ro sw . suhT  muloc n 1 si   
kram ed  .  

 
PETSBUS  :6  kraM  ton(swor  aerla dy m ekra d) hw i hc  evah  nistnemngissa  m dekra  snmuloc . r suhT wo  1  si  

kram ed  .  
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PETSBUS  :7  taepeR  spets  5 dna  6 litnu  on  erom  gnikram  si  sop is elb . nI  eht  tneserp  esac  siht  er p noitite   

si  yrassecen ton  .  
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tsoC  = 16   

 
 
 
 
 

EHT  GNILLEVART  NAMSELAS  RP BO MEL   
 

ehT  noitidnoc  rof  PST  si  taht  on  ic ty si  detisiv  eciwt  feb o er  eht  ruot  of lla  t eh  c ti sei  is detelpmoc .  

 
A B C D E  

 
A 0 2 5 7 1 

 
B 6 0 3 8 2  

 
C 8 7 0 4 7  

 
D 12 4 6 0 5  

 
E 1 3 2 8 0  

 
 
 
 

sA  iog ng morf  A- A> ,B- B>  etc si  ton  ,dewolla  sa s ngi  a egral  ep n la ty ot  eseht  sllec  ni  eht  soc t am t ir x  
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A 

� 
4  

4  

8  

0  
 
 
 
 
 

A  
 

B  
 

 C  
 

 D  
 

E  
0  

 
hcihW  sevig  lamitpo  rof  tnemngissa  melborp  tub  ton  rof  PST  esuaceb  eht  htap  A- ,E>  E- ,A  B- C> ->D->B  

seod  ton  yfsitas  eht  lanoitidda  tniartsnoc  fo  T  PS  

ehT  en xt muminim  tnemele  si  ,1  os  ew  llahs  yrt  t  o gnirb  elem ne t 1 ni to t eh  ulos t noi . erht evah eW e  
ac ses.  

esaC  :1   
ekaM  ssa i tnemng  ni  llec  )B,A(  daetsni  fo  ( )E,A  .  

 
A B C D  E  

A 

 

∞ 1 3 6 0  
B 4 

 

∞ 0 6 0  
C 4 3 

 

∞ 0 3  
D 8 0 1 

 

∞ 1  
E 0 2 0 7 

 

∞  

 
ehT  gnitluser  elbisaef  noitulos  si  A- B> ,B- ,C  C- D,D> - ,E> E- A>  dna  tsoc  si  51   
woN  ekam  ssa i tnemng  i  n llec  )C,D(  daetsni  fo  D( ,B  )  

 
 
 
 

rapeD tme tn  fo  E&SC , S BJ IT	 egaP 	 65 	

6  

0  

� 
7  

 
 
 
B  
 
1 
 
� 
 

 3  
 
 
 

 2  

3 6 0   A  
 
B  

C  

D  

E  

B  

1 

� 
 3  

 0  

 2  
 
 
 

A  

C D E A B C D E  

0  

� 
1 

0  

� 
 4  

 4  

 8  

 0  

0  

3  

1 

� 

A  

B  

C  

D  

E  

 6  

 0  

� 
 7  

4  

1 

� 
2  

1 

1 

� 
3  

0  

2  

 0  

 3  

1 

� 
 
C D E  

6 0  

 3  
 

0  
 
� 
 
1 

00  

 �  
 
4  
 
4  
 
8  
 

0  0  

6  
 
6  
 
0  
 
� 
 
7  

00  
0  
 3  

 
1 
 
� 

0  



snoitarepO  hcraeseR  [ 166SC60 ]  

esaC  :2   
 
 

A B C D  E  
A 

 

∞ 1 3 6 0  
B 4 

 

∞ 0 6 0  
C 4 3 

 

∞ 0 3  
D 8 0 1 

 

∞ 1 
E 0 2 0 7 

 

∞  

 
ecniS  dnoces  wor  seod  ton  evah  any ssa i tnemng . eW  nac  esoohc  muminim  tsoc  ni  taht  wor  fi dna  an  y  

tnemngissa  si  eht re ni  taht  ,nmuloc  tfihs  ot  en x m t ni i mum  ec ll.  

A B C D E  

A 

 

∞ 1 3 6 0  

B 4 

 

∞ 0 6 0  

C 4 3 

 

∞ 0 3  

D 8 0 1 

 

∞ 1 

E 0 2 0 7 

 

∞  

 
 

esaC  :3   
 

A B C D E  

A 

 

∞ 1 3 6 0  

B 4 

 

∞ 0 6 0  

C 4 3 

 

∞ 0 3  

D 8 0 1 

 

∞ 1 

E 0 2 0 7 

 

∞  

 
hcihW  si  eht  sa emas  ac se 1 . tsael  tsoc  etuor  si  gi nev  yb  a- b> - c> ->d- e> - a>   
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TINU -V  

gniueuQ  th yroe   
 

gniueuQ  th oe ry slaed  htiw  smelborp  hcihw  evlovni  iueuq ng ro(  wai )gnit . Typic la  ex selpma  thgim  :eb   
 

• stekramrepus/sknab  - gnitiaw  rof  ecivres   
• sretupmoc  - gnitiaw  rof  a esnopser   
• eruliaf  snoitautis  - itiaw ng for  a f erulia  to oc ruc  e.g. ni  a eceip  fo  m  yrenihca  
• cilbup  tropsnart  - itiaw ng rof  a niart  or a  sub  

 
sA  ew  wonk  seueuq  era  a nommoc  eve ry-day ex ecneirep . Qu seue  fo mr  esuaceb  secruoser  era  il im det . I  n  
tcaf  ti  ekam s cimonoce  s esne  q evah ot u eue s. roF  ex elpma  woh  am ny tekramrepus  sllit   dluow uoy n  dee  

ot  diova  gniueuq ? woH  am ny ub s se  ro  sniart  ow u dl  eb  dedeen  fi  qu seue  w ere  ot  eb  ova i ded /el mi in ta de  ?  
 
nI  ingised ng qu ieue ng s smetsy  ew  deen  ot  mia  f ro  a ecnalab  teb w nee  ecivres  ot  sremotsuc  trohs(  seueuq   

gniylpmi  am ny s vre e )sr  dna  cimonoce  taredisnoc i sno  ton(  oot  am ny evres r )s .  
 
nI  ecnesse  lla  iueuq ng s smetsy  nac  eb  orb k ne  od wn otni  laudividni  bus -s sy t sme  gnitsisnoc  fo  eititne s  

gniueuq  emos rof  tivitca y )woleb nwohs sa( .  

 
 
 
 
 
 
 

lacipyT ly ew  nac  klat  fo  siht  laudividni  bus -s metsy  sa  gnilaed  htiw  suc tom sre  gniueuq  rof  civres e. oT   
esylana  siht  bus - metsys  ew  deen  noitamrofni  gnitaler  :ot   

 
• lavirra  :ssecorp   

o woh  sremotsuc  evirra  e.g. gnis ly ro  ni  spuorg  hctab(  irra klub ro v  )sla  
o woh  eht  irra v sla  era  rtsid i  detub in it me g.e( . tahw  is eht  ilibaborp ty rtsid i noitub  fo  it me  

neewteb  evisseccus  slavirra  eht(  lavirraretni  it me di birts ution))  
o rehtehw  ereht  si  a etinif  p noitalupo  fo  sremotsuc  or evitceffe( l )y  na  inifni te rebmun   

 
ehT  tselpmis  lavirra  rp o ssec  si  eno  erehw  ew  h eva  etelpmoc ly raluger  irra vals (i e. .  eht  

emas  tnatsnoc  emit  lavretni  neewteb  evisseccus  )slavirra . A nossioP  maerts  fo  lavirra  s  
sdnopserroc  ot  slavirra  ta  modnar . nI  a nossioP  maerts  evisseccus  sremotsuc  evirra  retfa   

slavretni  hcihw  tnednepedni ly era  ex laitnenop ly di detubirts . ehT  nossioP  maerts  si   
tnatropmi  sa  ti  si  a tneinevnoc  lacitamehtam  dom el fo  am ny laer  efil  qu iue ng s smetsy  dna   

si  debircsed  by a elgnis  retemarap  - eht  eva r ega  ar lavir  etar . tO h re  atropmi tn  lavirra   
sessecorp  era  deludehcs  ;slavirra  hctab  ;slavirra  dna  emit  tnedneped  ar lavir  setar  e.i( . eht   

lavirra  r eta  seirav  drocca i gn  ot  eht   emit fo  day).  
 

• ecivres  :msinahcem   
o a noitpircsed  fo  eht  oser u secr  ne dede  for vres i ec  t  o  nigeb  
o woh   eht gnol s ecivre  ekat lliw  eht(  es r eciv  it me sid t bir u oit n)  
o eht  rebmun  fo  srevres  elbaliava   
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o rehtehw  eht  srevres  are ni  seires  hcae(  revres  h sa  a apes r eta  euq u )e  ro  ni  p lellara  o( ne  
eueuq  rof   )srevres lla  

o rehtehw  noitpmeerp  si  dewolla  a(  s revre  nac  pots  p issecor ng a remotsuc  ot  laed  htiw   
rehtona  "ycnegreme"  )remotsuc   

 
gnimussA  taht  eht  vres i ec  semit  rof  sremotsuc  era  tnednepedni  dna  od  on t dneped  nopu   

eht  lavirra  rp o  ssec is oc mm no . rehtonA  nommoc  noitpmussa  tuoba  vres i ec  t mi se  is taht   
yeht  era  laitnenopxe ly detubirtsid .  

 
• eueuq  :scitsiretcarahc   

o ,woh  morf  eht  tes  fo  sremotsuc  gnitiaw  rof  ,ecivres  od  ew  esoohc  the eno  t  o eb  devres   
.e( txen g. OFIF  tsrif( - ni  tsrif - )tuo  - osla  nwonk  sa  SFCF  tsrif( - emoc  tsrif  ;)devres  IL FO  

tsal( - ni  tsrif - ;)tuo  odnar ml )y  siht(  si  netfo  dellac  the eueuq  enilpicsid )  
o vah ew od e  :  

 gniklab  ( sremotsuc  gnidiced  ton  ot  nioj  eht  eueuq  fi  it si  oot  l  )gno  
 gnigener  sremotsuc(  evael  eht  eueuq  fi  they evah  detiaw  oot  gnol  for vres i )ec   
 kcoj e gniy  sremotsuc(  ws i hct  neewteb  seueuq  fi  yeht  kniht  ht ey lliw  teg  devres   

retsaf  by os  )gniod   
 a eueuq  fo  etinif  icapac ty ro  evitceffe( l )y  fo  etinifni  icapac ty  

 
gnignahC  eht  euq ue csid i enilp  eht(  elur  by hcihw  ew  tceles  eht  next remotsuc  ot  eb   

)devres  nac  netfo  ecuder  noitsegnoc . netfO  eht  qu eue  enilpicsid  esoohc"  the  remotsuc  
htiw  eht  tsewol  ecivres  ti "em  stluser  ni  eht  tsellams  eulav  rof  eht  it me no(  reva a )eg   a  

remotsuc  sdneps  iueuq ng.  
 

etoN  ereh  th ta  largetni  to gniueuq  snoitautis  si  eht  aedi  fo  niatrecnu ty ,ni  of  r ex ,elpma  lavirraretni  it sem   
dna  ecivres  ti sem . sihT  snaem  taht  ilibaborp ty dna  scitsitats  era  dedeen  ot  ana lyse iueuq ng oitautis ns.  

 
nI  smret  fo  eht  anal sisy  of gniueuq  snoitautis  eht  yt p se  of snoitseuq  ni  hcihw  ew  are i detseretn  ar  e  

t lacipy ly denrecnoc  htiw  serusaem  fo  s metsy  ecnamrofrep  dna  thgim  :edulcni   
 

• woH  gnol  do se  a otsuc m re  ex tcep  ot  tiaw  ni  eht  q eueu  feb o er  ht ey era  s re v ,de  dna  woh  ol ng wi  ll  
yeht  h eva  ot  tiaw  erofeb  t eh  ecivres  si  etelpmoc ?  

• tahW  si  eht  ilibaborp ty of a remotsuc  h gniva  ot  w tia  regnol  th na  a nevig  ti em  feb lavretni o ht er e  y  
era  devres ?  

• tahW  si  eht  egareva  l ne htg  fo  eht  eueuq ?  
• tahW  si  eht  ilibaborp ty th ta  eht  eueuq  lliw  ex deec  a rec t nia  el n htg ?  
• tahW  si  eht  ex detcep  noitasilitu  fo  eht  revres  dna  t eh  ex detcep  emit  doirep  gnirud  hw i hc  eh  w li l  

eb  ylluf  deipucco  rebmemer(  srevres  tsoc  su  yenom  os  ew  deen  ot  peek  th me  ub s )y . nI  tcaf  fi  ew   
nac  ssa i ng  stsoc  ot  srotcaf  hcus  sa  remotsuc  w gnitia  emit  dna  revres  di le time neht  ew  c na   

etagitsevni  woh  ot  d gise  n a s metsy   ta im umin t m ato  l tsoc .  
 

esehT  are snoitseuq  taht  deen  ot  eb  na s derew  os  taht  tnemeganam  nac  ev etaula  retla n sevita  ni  na  ta t tpme   
ot  evorpmi/lortnoc  eht  s ti au it no . emoS  fo  eht  smelborp  taht  era  fo t ne  agitsevni t de  ni  ecitcarp  ar :e   

 
• sI  ti  elihwhtrow  ot  sevni t troffe  ni  icuder ng eht  se ecivr  it me?  
• woH  ynam  srevres  dluohs  eb  deyolpme ?  
• dluohS  seitiroirp  rof  rec t nia  t sepy  of sremotsuc  eb  int decudor ?  
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• sI  eht  gnitiaw  aera  rof  sremotsuc  etauqeda  ?  
 
nI  o redr  ot  teg  wsna e sr  ot   snoitseuq evoba eht ereht  era  owt  cisab  caorppa h :se  

 
• ana l city  sdohtem  ro  gniueuq  oeht ry alumrof(  ;)desab  dna   
• noitalumis  retupmoc(  ab s )de .  

 
ehT  nosaer  rof  ereht  gnieb  owt  sehcaorppa  daetsni(  fo  tsuj  )eno  si  taht  ylana t ci  sdohtem  era  no ly  

elbaliava  rof  evitaler ly elpmis  gniueuq  s smetsy . xelpmoC  gniueuq  smetsys  era  tsomla  wla a sy  ana lys de   
gnisu  noitalumis  erom(  lacinhcet ly nwonk  sa  etercsid - tneve  )noitalumis .  

 
ehT  elpmis  gnieueuq  s smetsy  taht  nac  eb  delkcat  aiv  gnieueuq  oeht ry nesse t lai ly  :  

 
• tsisnoc  fo  tsuj  a elgnis  qu ;eue  deknil  s sy t sme  erehw  sremotsuc  ssap  orf m one eueuq  to ona th re   

tonnac  eb  delkcat  aiv  gnieueuq  yroeht   
• evah  snoitubirtsid  rof  eht  lavirra  dna  s ecivre  sessecorp  taht  era  we ll  enifed  d e( .g. dradnats   

lacitsitats  snoitubirtsid  hcus  sa  nossioP  ro  ;)lamroN  smetsys  erehw  eseht  id s snoitubirt  era  devired   
morf  devresbo  ,atad  ro  era  emit  ,tnedneped  era  tluciffid  ot  ylana se aiv  euq u gnie  eht ory  

 
ehT  tsrif  ieueuq ng eht ory melborp  saw  deredisnoc  by rE lang ni  8091  ohw  dekool  ta  woh  al r eg  a  

enohpelet  egnahcxe  dedeen  ot  eb  ni  redro  ot  k pee  ot  a osaer n elba  eulav  the rebmun  fo  ohpelet ne lac ls  
ton  detcennoc  esuaceb  eht  egnahcxe  saw  ub sy tsol(  )sllac . nihtiW  net  sraey  eh  ed dah v  a depole  

elpmoc( x) alumrof  ot  evlos  eht  melborp .  
 

lanoitiddA  gnieueuq  yroeht  fni o noitamr  nac  be of u dn  ereh  dna  h ere   
 
 

gnieueuQ  noitaton  dna  a elpmis  xe ampl  e  
 
tI  si  nommoc  ot  esu  ot  us  eht e sym lob :s   

 
• l dma a ot  eb  eht  naem  (  ro )egareva  rebmun  fo  irra v sla  rep  t mi e rep i ,do  e.i . the naem  lavirra  etar   
• µ ot  eb  eht  naem  ro(  )egareva  rebmun  fo  sremotsuc  devres  per t emi  ,doirep  i e. . eht   ecivres naem  

 etar  
 

erehT  si  a dradnats  taton i no  s metsy  ot  issalc fy gnieueuq  s smetsy  sa  A/ ,E/D/C/B  :erehw   
 

• A stneserper  eht  orp b iliba ty noitubirtsid  rof  eht  ra ri av l secorp  s  
• B er p stneser  eht  p ibabor lity noitubirtsid  rof  eht  es rvi ec  orp c se  s  
• C stneserper  eht  rebmun  fo  slennahc  (s )srevre   
• D stneserper  eht  am x mumi  rebmun  fo  sremotsuc  dewolla  ni  eht  ieueuq ng sys met  ( ie t reh  eb ing  

devres  ro  gnitiaw  rof  )ecivres   
• E erper s stne  eht  am x mumi  rebmun  fo  sremotsuc  in ot t la   

 
nommoC  snoitpo  rof  A dna  B ar :e  

 
• M rof  a nossioP  lavirra  d noitubirtsi  e( x laitnenop  irraretni v la  )noitubirtsid  ro  a ex tnenop ial vres i ec   

emit  id ts ubir it  no  
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• D rof  a d citsinimrete  ro  c sno t na  t av l  eu  
• G rof  a lareneg  noitubirtsid  tub(  htiw  a nwonk  naem  dna  rav i cna e)  

 
fI  D dna  E era  ton  sp fice i ht taht demussa si ti neht de ey era  i inifn te.  

 
roF  elpmaxe  eht  1/M/M  gnieueuq  s sy t ,me  eht  tselpmis  gnieueuq  s ,metsy  h sa  a nossioP  lavirra   

,noitubirtsid  na  ex laitnenop  ecivres  emit  noitubirtsid  dna  a is n elg  nahc n le  ( eno  vres e )r .  
 

etoN  ereh  th ta  ni  gnisu  th si  noitaton  ti  si  syawla  as demus  aht  t ereht  i j s u  ts a gnis le uq eue nitiaw( g  )enil  
dna  sremotsuc  evom  rf om siht  elgnis  eueuq  ot  the vres e sr .  

 
elpmiS  1/M/M  xe a pm  el  

 
esoppuS  ew  evah  a gnis le revres  ni  a pohs  dna  cu sremots  evirra  ni  eht  hs op iw th a P sio s no  avirra l  

noitubirtsid  ta  a naem  ar te fo  al m ad 5.0=  emotsuc rs rep  ,etunim  e.i . no  egareva  eno  remotsuc  pa p ae rs  
reve y /1 al m ad  5.0/1 =  = 2 m setuni . sihT  seilpmi  taht  eht  lavirraretni  semit  evah  na  ex tnenop i la   

noitubirtsid  htiw  na  egareva  lavirraretni  emit  fo  2 unim t se . ehT  revres  h sa  e na x laitnenop  s vre i ec  t mi  e  
noitubirtsid  htiw  a naem  ecivres  etar  fo  4 suc t mo e sr  rep  mi un t ,e  i e. . eht  ecivres  etar  4=µ  sremotsuc   rep  

mi un te. sA  ew  evah  a nossioP  lavirra  laitnenopxe/etar  ecivres  elgnis/emit  s revre  ew  evah  a 1/M/M  eueuq   
ni  smret  fo  eht  st dradna  n ato t noi .  

 
eW  nac  ana l esy  siht  gnieueuq  noitautis  gnisu  eht  egakcap . ehT  tupni  si  s nwoh  eb l wo :  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

htiw  eht  tuptuo  gnieb :  
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ehT  tsrif  enil  fo  eht  tuo p tu  syas  taht  eht  stluser  are morf  a fo alumr . roF  siht  ev ry elpmis  ieueuq ng sys  met  
ereht  era  ex tca  fo ealumr  t tah  evig  the scitsitats  evoba  rednu  eht  noitpmussa  taht  eht  s metsy  sah  er ach de  a  

ydaets  etats  - taht  si  taht  eht  metsys  sah  gninnur neeb  ol ng enoug  h sa os  ot  ttes le do ni nw ot   emos  
dnik  fo  irbiliuqe um p so i oit n.  

 
larutaN ly laer - efil  s etsy ms yldrah  reve  aets a hcaer d etats y . pmiS ly tup  efil  is on t ekil  taht . oH ew ve  r  

etipsed  siht  elpmis  gnieueuq  ealumrof  nac  evig  su  emos  thgisni  otni  woh  a sy ts em m thgi  b evahe  very  
lkciuq y. ehT  p ca k ega  ot ok a noitcarf  fo  a dnoces  to ecudorp  eht  uptuo t seen evoba  .  

 
enO  si taht rotcaf  fo  on te si  ciffart  ytisnetni  = lavirra(  erutraped(/)etar  )etar  erehw  lavirra  etar  = rebmun   

fo  slavirra  p re  tinu  emit  dna  erutraped  etar  = mun b re  fo  ed p serutra  rep  inu t t mi e. ffarT ic isnetni t  si y a  
erusaem  fo  the oc n itseg on fo  eht  s sy t me . fI  ti  si  raen  ot  orez  ereht  si  very elttil  gniueuq  dna  reneg ni  la  sa  

eht  ciffart  isnetni ty sesaercni  ot(  raen  1 ro  neve  retaerg  naht  1) eht  tnuoma  fo  iueuq ng sesaercni .  eht roF  
metsys  ew  evah  deredisnoc  evoba  eht  irra v la  etar  is 5.0  dna  eht  erutraped  etar  si  4 os  eht  ciffart  etni n is ty  

si  4/5.0  =  521.0  
 
 

retsaF  srevres  ro  erom  ?srevres   
 

redisnoC  eht  noitautis  ew  dah  evoba  - hcihw  uow ld uoy  pr fe e  :r  
 

• eno  revres  ikrow ng ciwt e sa  ;tsaf   ro  
• owt  srevres  hcae  ikrow ng ta  eht  o igir n la  etar ?  

 
ehT  elpmis  rewsna  si  aht  t ew  nac  ana l esy  siht  gnisu  eht  p egakca . For eht  if r ts  noitautis  eno   revres  

gnikrow  wt i ec  sa  tsaf  sdnopserroc  ot  a vres i ec  r eta  8=µ  sremotsuc  rep  nim u et . ehT   rof tuptuo th si   
noitautis  is nwohs  eb l wo .  
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roF  owt  srevres  wo gnikr  ta  eht  igiro n eht etar la  ou upt  si t sa  eb l wo . etoN  ereh  taht  siht  is noitaut  is  a  
2/M/M   gnieueuq s sy tem. etoN  oot  taht  eht  cap k ega  semussa  taht  eseht  owt  srevres  era  def  morf  a is ngle  

eueuq  rehtar(  naht  hcae  h gniva  rieht  o nw  laudividni  )eueuq  .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

erapmoC  eht  owt  stuptuo  evoba  - hcihw  noitpo  od  you pr fe er  ?  
 

fO  eht  fi serug  ni  eht  tuo p stu  a emos evoba r  e i ned it lac . gnitcartxE  key serugif  hcihw  era  di tnereff  ew   
 :evah  

 
enO  revres  eciwt  tsaf sa  owT  ,srevres  ro i lanig  etar   
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egarevA  emit  ni  eht  s tsy me  331.0 3  0152.0  
gnitiaw(  dna  gnieb  )devres   
egarevA  emit  ni  eht  euq ue 3800.0  0100.0   
ilibaborP ty fo  gnivah  ot  tiaw  rof  ecivres  %52.6   %3537.0  

 
tI  nac  eb  s nee  taht  htiw  o en  revres  ikrow ng eciwt  sa  tsaf  sremotsuc  sp dne  ssel  ti em  ni  eht  s metsy  on  

,egareva  tub  evah  ot  w tia  regnol  rof  se ecivr  dna  al os  evah  a hi rehg  ibaborp lity fo  ivah ng f tiaw ot o  r  
civres e.  

 
 

gnidnetxE  eht  elpmaxe  : 1/M/M  dna  2/M/M  w ti h oc st  s  
 

woleB  we ah ve ex dednet  eht  ex elpma  ew  dah  erofeb  erehw  won  ew  ah ve deilpitlum  eht  remotsuc  rra i lav   
etar  by a is fo rotcaf x e.i( . sremotsuc  evirra  6 semit  sa  tsaf  sa  be rof e). eW  evah  osla  deretne   eueuq a  

icapac ty gnitiaw(  sp )eca  fo   2 - e.i . fi  lla  res v sre  era  deipucco  dna  2 otsuc m sre  era  tiaw ing nehw  a ne  w  
remotsuc  sraeppa  neht  yeht  og  wa ay -  sa nwonk si siht b la gnik .  

 
eW  evah  osla  dedda  tsoc  noitamrofni  italer ng ot  eht  revres  dna  motsuc e :sr   

 
• hcae  etunim  a s revre  si  eldi  soc ts su   5.0£  
• hcae  etunim  a remotsuc  stiaw  rof  a revres  stsoc  su  1£  
• hcae  remotsuc  ohw  si  ab l dek  seog(  wa ay tuohtiw  gnieb  se )devr  stsoc  su   5£  

 
ehT  cap k ega  tupni  si  nwohs  eb l wo :  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

htiw  eht  tuptuo  gnieb :  
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,etoN  sa  eht  oba ve tuptuo  ,setacidni  taht  siht  si  na  3/1/M/M  s metsy  ecnis  ew  evah  1 se revr  dna  t eh   
am x mumi  rebmun  fo  uc s sremot  taht  nac  eb  ni  eht  s metsy  rehtie(  ieb ng res v de  ro  iaw tin )g  is 3 eno(  bei  gn  

,devres   owt w )gnitia .  
 

ehT  key ereh  si  taht  sa  ew  evah  deretne  tsoc  atad  ew  evah  a fi erug  rof  eht  t lato  tsoc  itarepo fo n iht g s  
,metsys  4110.3  rep  etunim  ni(  eht  aets dy )etats .  

 
esoppuS  won  ew  we er  t  o evah  owt  res v sre  aetsni  d fo  eno  - dluow  eht  oc  ts eb  l sse  ro  erom ? ehT  is pm l  e  

rewsna  si  taht  eht  egakcap  nac  llet  ,su  sa  bel wo . etoN  taht  siht  si  na  4/2/M/M  ieueuq ng s sy t me  a  s  ew  
evah  owt  res v sre  dna  a to lat  rebmun  fo  sremotsuc  in eht  s metsy  fo  4 2(  ieb ng es ,devr  2 w gnitia  ni  the  

eueuq  rof  )ecivres . etoN  t oo  taht  eht  egakcap  ssa u sem  taht  eseht  owt  res v sre  era  def  morf  a is n elg  qu eue   
rehtar(  naht  hcae  gnivah  t rieh  nwo  laudividni  euq u )e .  
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oS  ew  nac  ees  taht  eht re si  a baredisnoc le tsoc  vas i gn  rep  etunim  ni  gnivah  t ow  srevres  daetsni  fo  no e.  
 
nI  tcaf  eht  cap k ega  nac  a lacitamotu ly mrofrep  na  ana l sisy  rof  su  fo  woh  ot t la  tsoc  seirav  htiw  eht  nu rebm   

srevres fo . sihT  nac  be se ne  woleb .  
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lareneG  gnieueuq   
 

ehT  neercs  woleb  swohs  eht  elbissop  tupni  sretemarap  ot  eht  egakcap  ni  the esac  of a lareneg  gnieueuq   
 ledom e.i( . ys r/M/M a ton s et m)  .  
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ereH  ew  ah ve a rebmun  fo  elbissop  seciohc  for eht  ecivres  emit  noitubirtsid  dna  eht  rraretni i av l t emi   
ubirtsid t oi n. nI  tcaf  eht  egakcap  sesingocer  emos  51  tnereffid  !snoitubirtsid  rehtO  smeti  denoitnem   

evoba  era :  
 

• ecivres  erusserp  tneiciffeoc  - setacidni  woh  res v re  s deeps  pu  vres i ec  wh ne  eht  s metsy  si  ub s ,y  i e. .  
nehw  lla  srevres  era  ub sy eht  ecivres  etar  si  cni r desae . fI  si tneiciffeoc siht  dna s  ah ew ve  r  

srevres  hcae  htiw  ecivres  etar  µ neht  eht  vres i  ec r ahc eta n seg  morf  )r/n( ot µ s nehw µ  ereht   n era  
sremotsuc  ni  eht  metsys  dna  r=>n .  

• lavirra  egaruocsid  tneiciffeoc  - setacidni  woh  tsuc o rem  irra v sla  era  id s degaruoc  nehw  eht  s metsy   
ub si s e.i ,y . nehw  lla  res v sre  are ub sy eht  lavirra  etar  rced si e desa . I  f siht  co dna s si tneiciffe  w  e  
evah  r srevres  htiw  eht  lavirra  etar  b gnie  al m ad  th ne  eht  lavirra  etar  ahc n seg  orf  m al m ad  t  o  

))1+n(/r( s al m ad  nehw  ereht  era  n sremotsuc  ni  eht  s dna metsy  n r=> .  
• hctab  )klub(  ezis  noitubirtsid  - sremotsuc  nac  irra ve rehtegot  ni(  b ,sehcta  la so nwonk  sa  in )klub   

dna  siht  setacidni  eht  tubirtsid i no  fo  is ze fo  hcus  ab t ehc s.  
 

sA  na  noitacidni  fo  eht  ana l sisy  taht  nac  eb  enod  na  ex elpma  borp l me  is nwohs  :woleb   
 
 
 
 
 
 
 
 
 

rapeD tme tn  fo  E&SC , S BJ IT	 egaP 	 86 	



snoitarepO  hcraeseR  [ 166SC60 ]  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

gnivloS  eht  melborp  ew  :teg  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sihT  neercs  setacidni  aht  t on  ealumrof  ex tsi  ot  etaulave  eht  noitautis  ew  ah ve tes  pu . eW  nac  try ot   
etaulave  siht  noitautis  gnisu  na  orppa x noitami  ,alumrof  ro  by noM te Carlo S umi l ta i no . fI  ew  esoohc  to  

tpoda  eht  noitamixorppa  hcaorppa  ew  :teg   
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ehT  luciffid ty si  taht  eseht  orppa x noitami  stluser  era  nialp ly non s esne  i( .e. ton  a doog  )noitamixorppa .  
roF  ex elpma  eht  av egare  rebmun  fo  sremotsuc  ni  t eh  eueuq  si  - ,3189.2  eht  ilibaborp ty taht  lla  res ve  sr  era  
eldi  si  - cte ,%023 . W tslih  rof  siht  ralucitrap  esac  ti  si  suoivbo  taht  orppa x ami it no  ro(  rep h spa  t eh   

)egakcap  si  ton  ikrow n ,g  rof  rehto  borp l sme  ti  yam  ton  eb  idaer ly pa p tnera  t tah  orppa xim ta i no  seod  on  t  
ow rk.  

 
fI  ew  tpoda  eht  etnoM  olraC  noitalumiS  caorppa  h neht  ew  ah ve eht  scr nee  eb l wo .  
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tahW  lliw  neppah  ereh  is taht  eht  retupmoc  lliw  tcurtsnoc  a ledom  fo  eht  sys met  ew  evah  sp fice i de  dna   
lanretni ly eneg r eta  tsuc o rem  irra v ,sla  ecivres  ,semit  cte  dna  tcelloc  sitats t sci  no  woh  t eh  s sy tem  

rep for sm . sA  deificeps  evoba  ti  lliw  od  iht s rof  0001  it em  stinu  sruoh(  in this )esac . ehT  arhp se M" o etn   
"olraC  sevired  morf  eht  llew - nwonk  gnilbmag  ytic  no  eht  naenarretideM  in ocanoM . J tsu  sa  in  etteluor  

ew  teg  modnar  srebmun  decudorp  by a etteluor  leehw  nehw  ti  si  ,nups  os  ni  M etno  C ra lo s mi noitalu   ew  
ekam  esu  fo  modnar  srebmun  detareneg  by a retupmoc .  

 
ehT  stluser  era  nwohs  eb l :wo   
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esehT  stluser  mees  cum h erom  elbanosaer  naht  the stluser  deniatbo  eht  pa p or x tami i no  .  
 

revewoH  eno  rotcaf  ot  ekat  otni  noitaredisnoc  si  eht  noitalumis  emit  ew  ceps i deif  - h ere  0001  oh urs. nI   
redro  ot  tcelloc  erom  etarucca  noitamrofni  no  eht  ruoivaheb  fo  eht  s metsy  ew  thgim  iw sh to is etalum   rof  

nol reg . ehT  stluser  rof  gnitalumis  htob  01  dna  100 it em  s sa  gnol  are ohs wn eb l wo .  
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raelC ly the regnol  we ,etalumis  eht  erom  oc n ecnedif  ew  am y evah  ni  eht  s seitilibaborp/scitsitat  atbo i den .  
 

sA  erofeb  ew  nac  tsevni i ag te woh  eht  s metsy  thgim  evaheb  htiw   erom s re v sre . gnitalumiS  rof   0001  
sruoh  ot(  ecuder  eht  llarevo  despale  emit  iuqer r )de  dna  gnikool  ta  tsuj  eht  to at l s metsy  soc t per ruoh   

meti(  22  ni  eht  evoba  uo t )stup  ew  evah  the lof l wo i gn :  
 

rebmuN  fo  srevres  oT t  la s sy te  m soc t  
1 2544   
2 4133   
3 1222  
4 4161   
5 7521   
6 299   
7 238   
8 457   
9 817   

10 277   
11 338   
12 209   

 
ecneH  h ere  the rebmun  of srevres  detaicossa  htiw  eht  muminim  latot  sy ets m oc ts  is 9  
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NU IT- VI  

TREP  na  d PC M  
TREP  – margorP  lavE u noita  dna  weiveR  Te nhc i euq   

MPC  – lacitirC  Path M  dohte  
 

ivitcA ty – tI  si  a ph lacisy ly elbaifitnedi  p tra  fo  a p tcejor  hcihw  usnoc m se  emit  dna  uoser r sec  .  
 

tnevE  – eht  gninnigeb  and dne  stniop  fo  na  ivitca ty era  lac l de  ev ne ts ro  no sed . tnevE  si  a op i tn  ni  t  emi  
dna  seod  ton  emusnoc  yna  secruoser . tI  si  yllareneg  detneserper  yb  a derebmun  elcric  .  

:elpmaxE   
vitcA i yt   

j  
 

Ev ne t  
 
 
 

htaP  – nA  nekorbnu  ch nia  fo  ivitca ty sworra  noc n gnitce  the laitini  tneve  ot  emos  rehto  tneve  si  ac lled a  
htap .  

 
krowteN  - tI  si  eht  hparg i lac  er p noitatneser  fo  logi lac ly dna  laitneuqes ly co detcenn  sworra  and  sedon  

gnitneserper  seitivitca  dna  stneve  fo  a p tcejor  .  
 

krowteN  rtsnoc u noitc  – tsriF ly eht  p tcejor  si  ilps t otni  ca t ivi it se . elihW  gnitcurtsnoc  eht  n krowte  , in  
redro  ot  erusne  taht  eht  seitivitca  wollof  a lacigol  ecneuqes . ehT  gniwollof  snoitseuq  era  dekcehc .  

 
lpmaxE e  

nA  bmessa ly si  ot  eb  edam   morf t ow  pa str  X dna  Y. htob  a no denrut eb tsum strap  lat eh  dna  Y m su  t  eb  
,dehsilop  X deen  ton  eb  p dehsilo . ehT  secneuqes  fo  ytivitca  tegot h re  htiw  rieht  erp d srossece  era  ig v ne   

oleb w.  
 

tivitcA y oitpircseD n rossecederP   
A nepO  krow  ro d re  - 
B f lairetam teG or X  A  
C f lairetam teG or Y  A  
D nruT   no X lathe B  
E nruT   no Y lathe C,B   
F hsiloP  Y  E  
G elbmessA  X dna  Y F,D   
H aP ck  G  

 
warD  a argaid krowten m  
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3 
 
 

6 
1 2 

 
 
 

4 5 
 
 
 
 
 

redisnoC  eht  gniwollof  n snoitato  rof  italuclac ng v suoira  semit  fo  stneve  and vitca ti sei .  
iE  = tseilraE  ecnerrucco  t emi  fo  tneve  i  
iL  = tsetaL  ecnerrucco  ti em  fo  tneve   i  

jiSE  = tseilraE  trats  emit  rof  ytivitca  )j,i(   
jiSL  = tsetaL  ivitca rof emit trats ty  )j,i(  
jiFE  = tseilraE  hsinif  emit  rof  ivitca ty j,i(  )  
jiFL  = tsetaL  hsinif  emit  ivitca rof t  )j,i( y  

jiT  = noitarud  ivitca fo t  y ( ,I j)  
 
 
 

latoT  taolf   
ehT  ecnereffid  teb w nee  t eh  am x mumi  emit  elbaliava  ot  mrofrep  eht  ytivitca  dna  ivitca ty du noitar  emit .  
eerF  taolf   

ehT  ecnereffid  neewteb  t eh  tseilrae  trats  emit  rof  eht  sseccus or ivitca ty dna  tseilrae  noitelpmoc  emit  rof   
ytivitca  rednu  noitaredisnoc .  

ednepednI nt f taol   
ehT  ecnereffid  teb w nee  t eh  rossecederp  tneve  gnirrucco  ta  sti  tsetal  elbissop  emit  dna  eht  cus c se s ro   

tneve  ta  sti  tseilrae  sop sible ti em .  
 

1. redisnoC  eht  krowteN  nwohs  woleb . ehT  eerht  ti em  setamitse  rof  seitivitca  era  ola ng eht  rra ow.  
enimreteD  eht  lacitirc  htap . tahW  si  eht  ilibaborp ty taht  eht  tcejorp  lliw  eb  c detelpmo  ni  02  da sy ?  

 4  

5.0 -1- 5.7  6-7-8  
2-2-8 0-0-0  

1 2  5  

1- 5.1 - 11  1- 5.2 -7  
 3  
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3-4- 11  
 

4-6-  8  
6  

 
1-2-3  
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6=lt,6=eT   

4  

2  
3=lt  7  

1=et 9  
lt =  91  

 
=lT 0 3  

2  
3  

 
 

 6=eT  
lT =  6  

pt([=V - ]6/)ot 2  
Σ 0.2= 8  

sT=z - eT /Σ  
 

.0=Z 84   
morF  veD dtS . ytilibaborP  = 4.86 4%  

 
 

gnihsarC  eht  n te w  kro  
tcejorP  gnihsarc   

gnihsarC  si  lpme o dey  ot  ecuder  the tcejorp  noitelpmoc  emit  by idneps ng ex art  secruoser . ecniS   rof  
lacinhcet  ,snosaer  emit  yam  ton  be der u dec  etinifedni l ,y  ew  llac  siht  timil  hsarc  op i tn .  

tsoC  epols  = hsarc(  tsoc  - lamron  lamron(/)tsoc  time – arc sh t emi )  
:elpmaxE   

ehT  gniwollof  t elba  sevig  atad  no  lamron  emit  and tsoc  dna  cr hsa  emit  na  d tsoc  rof  a orp j tce .  
 
 

tivitcA y amroN l hsarC   
 

skeew(emiT ) tsoC  skeew(emiT ) tsoC   
1-2 3 003  2 004   
2-3 3 30 3 03   
2-4 7 024  5 085   
2-5 9 027  7 018   
3-5 5 052  4 003   
4-5 0 0 0 0  
5-6 6 023  4 014   
6-7 4 004  3 074   
6-8 13 087  10 009   
7-8 10 0001  9  0021  
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5  
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5 

 31=lT  
1=et 3  
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tceridnI  tsoc  si  sR  rep 05  keew . hsarC  the eler v tna  seitivitca  s lacitametsy ly dna  enimreted  eht  amitpo  l  
tcejorp  noitelpmoc  emit  dna  tsoc .  

 
 
 
 
 
 
 

21=lt,01=eT   
 7  

 
 
 
 
 
 
 
 
 

 81=lt,81=et  

 8  
 
 
 

3=et 2  
23=lt   

 
7  

 
 
 
 

01   
 

 71=6e  
71=6l  31   

 
8  

 
 
 

13=8l,13=8e  
=3l 6 en w = tsoc latot  sR  185 5  

 
01=4e   

11=4l  
 4  
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1 2 

2=lt,22=et  2  

 
 
 
 
 
5 6  

 4  
 
 
 
 
 
 
 
 
 
 

 3  
 
 

=lt,6=eT 7  
 
 

01=4e   
11=4l  

2  

 
 

3=et  
tl 3=   

 
 
 
 
 
 
 
 
 
 
 
 
3 7  2  

 
e2=3 9  

3=2l   
 

3  

1  

 
 

0=eT   
0=lT   

 
 
 
 
 
 
 
 
 
 
 
 

 1  
 

0=1e   
0=1l   

1=et 2  
tl 21=   

 
 
 
 
 
 
 
 
4  
 
 
 
0 6  
 

11=5e  

5  4  6  

3  

 
6=3e   

11=5l  
 
5  

 91=7e  
91=7l   

 
01   

 
egaP 	 87 		

5 6  

7  



snoitarepO  hcraeseR  [ 166SC60 ]  

 
1E = 01  e2=3 3 5 1=5e 1 e6= 51  31   

1=1L 0  
3=2l  11=5l  51=6l   

 
 
 
 

=3l,6=3E 6 2=8e 9  
L  92=8  

weN  atot l tsoc  = Rs 085 5  
 
 
 

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

lamroN  t emi  naM  rewop  deriuqer   
2 4  
3 3  
4 3  
2 5  
4 3  
3 4  
6 3  
6 6  
5 2  
4 2  
4 9  

 
warD  eht  n krowte  margaid  dna  dnif  eht  lacitirc  pa ht .  

egnarraeR  eht  seitivitca  batius ly rof  icuder ng eht  ex gnitsi  latot  rewopnam  tnemeriuqer .  

 
6 8  

 
 

4  
5  

 
6  

 7  
4  
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ecruoseR   gnilevel  
ivitcA ty  

0-1  
1-2  
1-3  
2-4  
3-5  
3-6  
4-7  
5-7  
6-8  
7-9  
8-9  
 

a)  
)b   

5  

3  

3  4  

 
 
2 4  6  2 3 2  1  

4  
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3 3( ) 2 5( ) 6 3( )  
 
 
 

2 4( ) 4 3( ) 4 3( ) 6 6( ) 4 )2(   
 
 

3 4( ) 5 2( ) 4 9( )  
 
 
 

3 4( ) 5 2( ) 4 9( )  
 
 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 02   
4 4 6 6 6 8 12 01  01  8 11 11 11 8 15 15 11 11 2 2  
4 4 6 6 6 8 8 01  01  01  9 11 11 8 8 8 11 11 11 11   

T suh  eht  nam  rewop  si  r decude  ot  11  poep le.  

 
 

citsinimreteD  yrotnevnI  slortnoC  ledoM   

nA  eldi  ecruoser  fo  any dnik  sedivorp  hcus  sa  a ecruoser  sah  cimonoce  av l eu . hcuS  uoser r sec  ma  y b  e  

deifissalc  otni  eerht  seirogetac   

)i(  Ph lacisy  r secruose  hcus  sa  war  retam i ,sla  imes - dehsinif  ,sdoog  dehsinif  og o ,sd  eraps  pa tr s,  

te c  .  

ii( ) namuH  uoser r sec  hcus  a  s desunu  robal  nam(  po )rew .  

)iii(  laicnaniF  ecruoser  hcus  sa  gnikrow  ,latipac  cte  .  
 
 

cimonocE  redro  qu itna ty )QOE(  for idnif ng eht  op mumit  redro  itnauq ty ni  redro  ot  alab n ec  stsoc  ot   

ecnalab  stsoc  fo  gnidloh  t oo  hcum  kcots  tsniaga  taht  fo  iredro ng ni  llams  qu seititna  t oo  neuqerf tly.  
 
 

:ledoM  1 )a(  ( dnameD  etaR  mrofinU  noitcudorp  etar  I fn in ).eti   

R - aR dnameD et   

C3 – dorp rep tsoc puteS u C( noitc p  )  

daeL  emit   si z ore .  

C1 – tsoc  fo  oh l gnid  eno  tinu . C( h)  

mumitpO  ,lavretni   

T0= C2(trqS 3/C1R)  
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mumitpO  ,ytitnauQ   

Q0 tR= 0 C2(trqS= 3 C/R 1)  
 
 

muminiM  egarevA  soc t  

C0= 2(trqS C1 C. 3 )R   
 
 

:elpmaxE   

A ralucitrap  meti  h sa  a d dname  fo  0009  stinu / raey . ehT  fo  eno  p ucor r neme t si  001.sR  dna  t eh  oh l  gnid  

tsoc  rep  tinu  rep 042.2.sR si  ey ar. ehT  emecalper nt si  suoenatnatsni  & on  s roh t sega  are la l dewo .  

enimreteD ,  

)i(  cimonocE  tol  ,ezis   

ii( ) rebmuN  fo  rep sredro  raey ,  

)iii(  emiT  neewteb  ,sredro   

vi( ) ehT  rep tsoc latot  fi raey  fo tsoc eht  nu eno  ti si  R 1e  

tuloS i  no  

000,9=R  raey/stinu   

C3= sR . 001   ,tnemerucorp/  

C1= sR  04.2  tinu/ / aey r  
 
 

)i(  q0 C2(trqS =  3 C /R 1 = )04.2/0009*001*2(trqS = )  8 66  inu ts/ erucorp m ne t  

ii( ) N0 C(trqS= 1 C2/R 3) = =))001*2(/0009*04.2(trqS  4.01  sredro /  raey  

)iii(  T0 = N/1 0 4.01/1=  2690. =   neewteb sraey p ucor er nem t.  

vi( ) C0 trqS+0009=  C2( 1C3 01*04.2*2(trqS+0009=)R 0 )0009*  sR=  08011  / raey   
 
 

:ledoM  2 )a(  ( dnameD  etaR  ,mrofinU  tcudorP i no  ,etaR  nI f ,etini  segatrohs  ollA wed)  

sihT  ledom  si  tsuj  eht  noisnetxe  fo  edom l )a(1  wolla i gn  rohs at eg  .  

C2 – egatrohS  ti rep tsoc e t tinu rep m i em . ( Cs )  
 
 

lpmaxE e  

evloS  eht  suoiverp  melborp  ni  noitidda  ot  eht  atad  nevig  taht  t eh  p bor le t m eh  tsoc  fo  rohs at eg  is  osla  

nevig  sa  5.sR  rep  tinu  rep  raey  .  

tuloS ion  
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 0009=R  

C3 = sR  001  / nemerucorp t  

C1 = sR  04.2  rucorp/tiu/ e nem t  

C2 = sR  5 tinu/ / aey  r  

)i(  morF  qE u noita  q0 C((trqS= 1+ C2 /)  C2) * C2(trqS 3 /R  C1 =) S )5/)5+04.2((trq  *  

)4.2/)0009*001*2((trqS  3501=  inu /st nur   

)ii(  C0 I( m )q,  = *0009 1 C(trqS+ 2 C( 2+ C1 C2(trqS*)) 1C3 )R  = 01701  / raey   

rebmuN)iii(  fo  raey/sredro   

N0 3501/0009=  =  55.8  

emiT)vi(  neewteb  sredro ,  

t0 N/1= 0 55.8/1=  711.0=  year  
 
 

lpmaxE e  

ehT  dnamed  for a moc m ido ty si  001  stinu  rep  day. evE ry emit  na  ro d re  si  p ,decal  a if x de  tsoc  sR . 004  si   

rucni er d. idloH ng tsoc  si  sR  80.0  rep  rep tinu  day. I  f eht  dael  emit  si  31  da ,sy  enimreted  t eh  e onoc m ci   tol  

ezis  & roer eht d re  niop t  

tuloS i  no  

C2(trqS=0Q 3 /R  C3 )80.0/001*4*2(trqS=)  = 0001  uni st .  

htgneL  fo  eht  c cy l t e 0 001/0001 =  d 01= a sy  .  

sA  eht  dael  emit  si  31  yad s & eht  c cy l el e n  si htg 1 ,syad 0  cer o idr n dluohs g  rucco  wh ne  t eh  l eve  o  f  

yrotnevni  si  tneiciffus  ot  yfsitas  eht  d dname  rof  13- = 01  3 days  

 

� redroeR  tniop  3*001=  = 003  stinu .  

tI  may be deton  taht  eht  ’evitceffe‘  dael  emit  si  nekat  lauqe  ot  3 da sy  r rehta  naht  d 31 a sy . tI  si  esuaceb   

eht  dael  emit  t naht regnol si 0.  

)b(1ledoM  dnameD(  etaR  noN - ,mrofinu  noitcudorp  etaR  nI fin )eti   

nI  siht  dohtem  lla  ussa m snoitp  era  emas  sa  ni  mo led  )a(1  htiw  eht  ex tpec i no  aht t daetsni  fo  mrofinu   

dnamed  etar  ,R  we are gi nev  emos  latot  tnuoma  ,D  ot  irud deifsitas eb ng os me l gno  it em  rep i do  T. T ,suh   

dnamed  setar  era  di ereff nt ni  tnereffid  dorp u noitc  snur   

lamitpO  toL  ezis  q0 = C2(trqS 3 D( / C/)T 1)  

dnA  muminim  latot  ,tsoc  C0 )q(  = S rq t 2( C1C3 D( / )T )  

,ereH  ti  nac  eb  deton  aht  t eht  mrofinu  dnamed  r eta  R ni  ledom  )a(1  si  decalper  by eva ar eg  dem dna  tar  e  

T/D .  

lpmaxE e  
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A tcafunam u gnir  apmoc ny sesahcrup  0009  p stra  fo  a enihcam  for sti  lautca  ,stnemeriuqer  iredro ng one  

s’htnom  tnemeriuqer  ta  a it em . hcaE  trap  oc ts s 02.sR . eht  iredro ng tsoc  rep  redro  si  51.sR  dna  eht  are  

%51  fo  eht  egareva  yrotnevni  rep  raey . uoY  h eva  b nee  deksa  ot  su tsegg  a erom  lacimonoce  crup h gnisa   

ycilop  rof  eht  ynapmoc . tahW  ecivda  dluow  uoy  reffo  & woh  mu hc  luow  d ti  evas  eht  apmoc ny rep  ?raey   

tuloS i  no  

009=D 0  

C3 51=   

C0 51=   

C1 %51=  sevni eht fo mt ne  t ni  rotnevni i  se  

02=  p 03.sR = 51.0 fo er year  

lamitpO  C2(trqS=eziS 3 C/)T/D( 1 003=)  nu i st .  

latoT  C2(trqS=tsoC 1C3 D( / =))T sR 09 0  
 
 

ledoM  )c(1  D dname  etar  nu ,mrofi  noitcudorp  taht  if ni et   

R = rebmun  fo  smeti  er q deriu  rep  tinu  it em ,  

K = rebmun  fo  smeti  rp o rep decud  nu  ti it me,  

2C3 
mumitpO  toL  eziS  q0 = . 

c1 

 
pO t mumi  egareva  tsoc  = 2C1C2R. 

 
emiT  lavretni ,t0 = 

 
am x. yrotnevni  Imo = 

 
 

:elpmaxE   

A apmoc ny sah  a med a dn  fo  000,21  stinu / raey  rof  na  meti  dna  ti  nac  ecudorp  000,2  hcus  smeti   rep  

nom ht . ehT  tsoc  fo  eno  putes  si  .sR  004  dna  eht  gnidloh  nom/tinu/tsoc th is Re. 51.0 . dnif  eht  po tim mu   

tol  ezis  dna  eht  latot  tsoc  rep  ,raey  imussa ng eht  tsoc  fo  1 inu t sa  .sR  4. ,osla  dnif  eht   mumixam  

,yrotnevni  nam u gnirutcaf  emit  dna  latot  emit .  

 :noituloS  

R = stinu 000,21 / aey r  

K = 000,2  = 21 *  00,42 0 inu ts/  rae  
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KR  
K1 - R 

K - R 
K 

K 2C3 . 
K - R C1R 

q0 = 
R 

K - R 
K 

.q0 
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C3 = sR .  004  

C1 = sR . 51.0  * 21  = sR . raey/tinu/08.1   

 
 

2C3 
mumitpO  toL  eziS  q0 = . 

c1 

 
= 48 000,  + 2 × .1 8 × 004  ×12 000,  × = 5 ,0 049   / raey  

 
am x. yrotnevni  Imo = .q0 = × 3  462, = 236,1 nu i st  

 
niutcafunam g emit (t1) = 

 
emiT  lavretni ,t0 = 

 
 

ledoM  )b(2  dnameD  Ra et  ,mrofinu  noitcudorp  etaR  ni f ,etini  segatrohs  olla wed, emit  nI lavret  fi ex d  
 

mumitpO  sredro  itnauq ty si  nevig  by Imo = 
 
 

ehT  muminim  egareva  tsoc  rep  tinu  emit  si  nevig  by Co )mI(  = 
 
 
 

lpmaxE e  

A idommoc ty si  ot  eb  deilppus  ta  a snoc t tna  tar e fo  52  nu it  s rep  day. A p lane ty tsoc  si  gnieb  ahc n a deg a t   

eht  etar  of Rs. 01  rep  nu it rep  day al te rof  issim ng eht  deludehcs  eviled ry etad . ehT  tsoc  fo  rac r iy ng  eht  

idommoc ty ni  otnevni ry si  sR  61  rep  inu t rep  m no th. ehT  noitcudorp  ssecorp  si  hcus  taht  hcae  nom t 03(h   

)syad  a hctab  fo  smeti  si  detrats  dna  era  elbaliava  rof  eviled ry dna  emit  fa t re  eht  dne  fo  eht  htnom . niF d  

eht  lamitpo  level  fo  yrotnevni  ta  eht  b ge i gninn  of hcae  nom th  .  

 
 
 

oituloS n  :  

morF  eht  atad  of eht  orp b mel  ni  ausu l ,snoitaton  ew  vah e  

52 = R  nu i st /da  y  

C1 = sR  61 / 03  = 35.0  rep  tinu  rep  day  

C2 = sR  01  rep  tinu  rep  day  

d 03 = T ays  
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KR  2 * 004  = × 
K1 - R 8.1  

12 000,  × 000,42  
12 000,  

= 62,3 4 stinu  / putes  

12 000,  
000,42  

mumitpO  tsoc  = 12 000,  × 4 + 2C1C3R. K - R 
K 

K - R 24 000,  - 000,21  
K 24 000,  

1 236,  
000,21  

I om  = 
K - R 

= 31.0 6 raey  

3 462,  
= 

000,21  
q0 

R 
= 72.0 2 sraey  

C 2 

C1 + C 2 

C 2 

C1 + C2 
. tR  

 
C1C2 . 

2 C1 + C 2 

1 

.q = 

. tR  
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ehT  lamitpo  yrotnevni  level  si  nevig  by =  
 
 
 

ledoM  )c(2  D dname  Ra et  inu f ,mro  noitcudorp  etaR  f ,etini  egatrohs  la low de   

sihT  ledom  sah  eht  emas  snoitpmussa  sa  ni  ledom  )a(2  ex tpec  taht  dorp u noitc  ar te si  fini et  .  
 
 

lpmaxE e  

dniF  eht  stluser  fo  ex ma p el  5.21  –2 fi  ni  noitidda  ot  eht  etad  nevig  in taht  pr melbo  eht  soc t fo  s troh a eg s  

osla si  sa nevig  sR . 5 rep  rep tinu  raey .  

tuloS i  no  

R = stinu 000,9 / aey r  

C3 = sR .  ,tnemerucorp / 001  

C1 = sR . /tinu / 04.2 y  rae  

C2 = sR . /5  raey/tinu   

04.2  + 5 2 × 001  × 0009  
5 

 
2 × 4.2  × 001  × 0009  = 01701  y srae  

 
ii i) fo rebmuN  raey/sredro , N 0 = 

 
iv) miT e eewteb n sredro , t =  

0 

 
 

toN e  :s  
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01  
� � 
� � 
� � 

35.0  + 01  
× 25 × 03  = 17 2 stinu  

2C3 R 
= 

C1 

C1 + C2 . 
C 2 

. 
4.2  

 
2C1C3R = 0009  + 

= 3501  
 

5 
4.2  + 5 

i) qo = 

C 2 

C1 + C2 
ii) Co mI( , q) = 0009  ×1 + 

55.8  

0009  
3501  
1 

= 

= 55.8  

1 
= 711.0  raey  

N o 
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TINU -VII  

Ga em  ehT ory  

ynaM  pr lacitca  melborp s eriuqer  noisiced  gnikam  ni  a evititepmoc  noitautis . erehW  ereht  era   owt  
ro  erom  etisoppo  seitrap  htiw  gnitcilfnoc  stseretni  dna  erehw  eht  noitca  fo  eno  sdneped  nopu  eht   eno  

nekat  yb  eht  tnenoppo  .  
 

evititepmoC  snoitautis  lliw  eb  dellac  sa  emag  fi  ti  sah  eht  lof l gniwo  p repor t ei s.  
1. erehT  era  etinif  oN  fo  srotitepmoc  dellac  lp a srey .  
2. hcaE  lp a rey  sah  ot  etinif  oN  fo  seigetarts  elbaliava  ot  h mi  .  
3. A yalp  of eht  emag  t seka  ecalp  ni  hcae  lp a rey  pme ol etarts sih seey gy  .  
4. evE ry emag  na ni tluser  semoc tuo .  

 
2 snosrep - orez - mus - ag me- wh ne  ereht  era  2 co srotitepm  iyalp ng a ag m ,e  si  dellac  2  snosrep  

mag e  .  
 

1. evloS  eht  gniwollof  emag  by  
a. niM - aM x picnirP le dohteM .  
b. ecnanimoD - M dohte .  

reyalP  B  
B1 B2 3B  B4  

1A  1 7 3 4  
2A  5 6 4 5  
3A  7 2 0 3  

 
 :noituloS  

 
1. niM - xaM  elpicnirP  :dohteM   

petS :  
tuP.1  kcit  (\/ muminim eht ot )  oN  fo  t eh  hcae  Ro  w  

2. tuP  aM ot + x fo  t eh  hcae  oC l  nmu  
3. yfitnedI  eht  ele m tne  erehw  htob  s slobmy  steem   

 
reyalP  B  

B1 B2 3B  B4  
1A  1\/ 7+ 3 4  
2A  5 6 4\/+ +5   
3A  7+ 2 0\/ 3  

 
ehT  lamitpo  etartS gy rof  reyalp  A si  p dna 2A al 3B si B rey  lav eht dna ue of t eh  ag me si  4  

2. ecnanimoD  elpicnirp  :dohteM   
 

reyalP  B  
B1 B2 3B  B4  

1A  1 7 3 4  
2A  5 6 4 5  
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3A  7 2 0 3  
 

:spetS   
1. woR  rapmoC i nos  I sroirefn .  
2. nmuloC  nosirapmoc  roirepuS  .  

 
1. ehT  stnemele  of eht  s ce o dn  nmuloc  era  oirepus r to roc r dnopse i gn  elem ne ts fo  3rd oc lumn s  o  

eteled  II  nmuloc .  
ehT  am desiver t ir x is  :  

:loS   B reyalP  
B1 B3 4B   

1A  1 3 4  
2A  5 4 5  
3A  7 0 3  

 
2. ehT  stnemele  fo  I wor  era  roirefni  ot  gnidnopserroc  el stneme  fo  II  swor  oS  eteleD  I A( wor 1  )  

ehT  am desiver t ir x is  :  
:loS   B reyalP  

B1 B3 4B   
2A  5 4 5  
3A  7 0 3  

 
3. 1B  si  roirepus  ot  1B eteleD 3B  .  

am desiver ehT t ir  x i  s  :  
:loS   B reyalP  

B3 B4  
2A  4 5  
3A  0 3  

 
4. 3A  si   2A ot roirefni – eD lete A3  

am desiver ehT t ir  x i  s  :  
:loS   B reyalP  

B3 B4  
2A  4 5  

 
4. 4B  si   si roirepus 3B ot  D etele   4B  

am desiver ehT t ir  x i  s  :  
:loS   B reyalP  

B3  
2A  4  

 
ehT  lamitpo  etarts gy rof  reyalp  A si  2A  dna  B i  3B s  
ehT  eulaV  of aG eht m  e  si 4  

 
2. evloS  eht  gniwollof  ag me.  

 
reyalP  B  
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I II II I I  V  
I 3 2 4 0  
II 3 4 2 4  
III 4 2 4 0  
IV 0 4 0 8  
 
 

:noituloS   
1. niM - xaM  :dohteM   

reyalP  B  
I II II I I  V  

I 3 2 4+ 0\/  
II 3 4+ 2\/ 4  
III 4+ 2 4+ 0\/  
IV 0\/ 4+ 0\/  +8  

ehT  neviG  aG me seod  not sessop  eht  ddas le op i tn .  
 

2. ecnanimoD  :dohteM  
reyalP  B  

I II II I I  V  
I 3 2 4 0  
II 3 4 2 4  
III 4 2 4 0  
IV 0 4 0 8  
 

1. ehT  stnemelE  fo  1A  row era  ni f roire  ot  eht  co serr p gnidno  ele m stne  fo  IIIA  r wo  eD oS lete  1A  
ehT  am desiver t ir x i  s  

reyalP  B  
I II II I I  V  

II 3 4 2 4  
III 4 2 4 0  
IV 0 4 0 8  

1B  si  ot roirepus  oS IIIB   eteled B  I  
ehT  am desiver t ir x i  s  

reyalP  B  
II II I I  V  

II 4 2 4  
III 2 4 0  
IV 4 0 8  

3 2  4  
ehT  egareva  fo  A III  & AIV swor  i.e ,4+2  4 ,0+  8+0  era  in roiref  ot  eht  co rr se gnidnop  elem stne  of  
IIA  eteled oS   wor  
ehT  am desiver t ir x i  s  

reyalP  B  
II II I I  V  

II 4 2 4  
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IIB  si  roirepus  ot  B III  – eteleD  IIB  nmuloc( )  
ehT  am desiver t ir x i  s  

reyalP  B  
III I  V  

II 2 4  
 

VIB  si  roirepus  ot  IIIB  So eteled  B  VI  
ehT  am desiver t ir x i  s  

III   
II 2  
 

ehT  lamitpo  ygetarts  si  reyalp  IIA=A  dna  IIIB=B  t eh  eulav  si  2  
 
 
Ga sem  w tuohti  elddas  – po ni t  

tnioP  ot  rebmemer  :  
1. fI  eht  wor  & nmuloc  era  ton  lauqe  ekam  ti  lauqe  by r icude ng eno  rehtie  ro nmuloc ro w  .  
2. ehT  seulav  fo  &,2P,1P  q 2q,1  uohs ld ton  eb  – ev . fI  ,os  sti  eb lliw eulav  oc nsi dered  as oreZ  .  
3. oT  enimreted  eht  mitpo um etarts gy fo  htob  lp a ey rs by icuder ng eht  evig n irtam x Ex: 2(  x )3  2(   x  

2  )  
4. fi  eht  reyalp  A si  lp a iy ng htiw  ssel  oN  fo  eigetarts  s naht  B neht  oohc se aM x-Min picnirp le.  
5. fi  eht  reyalp  A si  lp a iy ng htiw  erom  naht  oN  fo  ts r seigeta  naht  B neht  oohc se niM - aM x P picnir le.  
6. ehT  lamitpo  tniop  aM( x- nim  tniop  ) si  @ P  detcesretni by 1B  & 2B  .  

 
evloS  eht  emaG  esohw  p ya - ffo  am t ir  x  si  

1B  B2 B3 B4  
A1 3 2 4 0  
A2 3 4 2 4  
A3 4 2 4 0  
A4 0 4 0 8  
 

noituloS  :  
morF  eht  obA ve irtam x  :  

1A  si  roirefni  ot  3A  os  de etel  A1  
ehT  desiver  irtam  x si   

1B  B2 B3 B4  
A2 3 4 2 4  
A3 4 2 4 0  
A4 0 4 0 8  
 

1B  ot roirepus si  os 2B  d ele te 1B  
 

2B  B3 B4  
A2 4 2 4  
A3 2 4 0  
A4 4 0 8  
 

2B  nmuloc  si  roirepus  ot  eht  eva r ega  3B  4B &  eteled os snmuloc  B2  
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ehT  desiver  irtam  x :si   
3B  B4  

A2 2 4  
A3 4 0  
A4 0 8  
 

2A  si  roirefni  ot  eht  av egare  fo  3A  dna  4A  swor  so eteled  A4  
ehT  desiver  irtam  x :si   

 
3B  B4  

3A 4 0  
A4 0 8  
 
 

rehtruF  the semag  sah  no ddas le op i tn .  
 

3B  B4  
1a 1 1a 2  
2a 1 2a 2  

 
teL  eht  lp a srey  A ohc o ses  sih  seigetarts  ,3A  4A  htiw  seitilibaborp  1P  & P .2  hcuS  t ah t =2P+1P 1.  

ylralimiS  reyalp  B sesoohc  sih  seigetarts  +3B B4 baborp htiw i il it se  ,2q& 1q  hcus  t ah t q +1 q 1=2 .  
 

 alumroF  
=1P  22a -a 12  

22a+11a - )12a+21a(   
 

1q = 22a - 1a 2  
22a+11a - )12a+21a(   

 
eulaV  fo  eht  =emaG  11a   x 22a -  21a x 12a  

22a+11a - )12a+21a(   
 
 

=1P  22a -a 12  
22a+11a - )12a+21a(   

 
= 8-0  

8+4 - )0+0(   
 
= 8  

21   
 
=  76.0  
 

=2P+1P 1 eW  wonk  eht  eulav  fo  760=1P  os  nehw  ew  etutitsbus  ew  teg  1=2P - 760  P 3.0=2 3  
1q = 22a - 1a 2  

22a+11a - )12a+21a(   
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= 8-0  

8+4 - )0+0(   
 
= 8  

21   
 

760=   
 

1=2q - 1q  1=2q - 76.0  q 33.0=2   
 

G eht fo eulaV a em  = 11a   x 22a - 21a  x 12a  
22a+11a - )12a+21a(   

 
=4 x 8 – 0  x 0  

8+4 - )0+0(   
 

= 23   
21   

=8  
3  

=  76.2  
 

lamitpO  etarts gy lP rof a A rey  = ,0(  ,0  1p , 2p )  
(= ,0  ,0  ,76.0   )33.0  

 
lamitpO  etartS gy for reyalp  ,0(=B  ,0  1q , 2q )  

(= ,0  ,0  ,76.0   )33.0  
 

6.2= eulaV 7  
 
 
 

2. evloS  eht  ag me esohw  yap  ffo  irtam x  :si  
 

1B  2B  B3 B4 5B  B6  
A1 1 3 -1 4 2 -  5  
A2 -3 5 6 1 2 0  
 
 

 :noituloS  
 

1B  2B  B3 B4 5B  B6  
A1 1 3 -1 4 2 -  5  
A2 -3 5 6 1 2 0  

llA  roirepuS  snmuloc  era  deteled  by nosirapmoc  ot  gnidnopserroc  nemele ts desiver  irtam x.  
 

1B  6B   
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A1 1 -  5  
A2 -3 0  
 

=1P  22a - 12a   
22a+11a - )12a+21a(   

 
1q = 22a - 1a 2  

22a+11a - )12a+21a(   
 

eulaV  fo  eht  =emaG  11a  x 22a -  21a x 12a   
22a+11a - )12a+21a(   

 
 

=1P  22a - 12a   
22a+11a - )12a+21a(   

 
= 0-(-3)  

)0+1( -(- +5 - )3   
 

=3  
9  
33.0  , =2p  1- 1p  1=2p - 760=83.0   

 
 

1q = 22a - 1a 2  
22a+11a - )12a+21a(   

 
= 0-(- )5   

9  
 

= 5  
9  

 
,65.0=  2q =1- 1q  1=2q - 5.0 6 4.= 4  

 
eulaV  fo  emaG eht   

 
eulaV  fo  eht  =emaG  11a  x 22a -  21a x 12a   

22a+11a - )12a+21a(   
 
 

= 1(  x )0  – ( -5 x - )3   
1(  + )0 -(- +5 -  )3  

=0- 51+   
1-(- )8   

 
=  76.1  
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A1 A2 B1 2B   
7 7 7 7  
6 6 6 6  
5 5 5 5  
4 4 4 P 4  
3 3 3 3  
2 2 2 2  
1 1 1 1  
 
-1 -1 -1 -  1  
-2 -2 -2 -  2  
-3 -3 -3 -  3  
p -4 -4 -  4  
-4 -5 -5 -  5  
-5 -6 -6 -  6  
-6 -7 -7 -  7  
-  7  
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 TINU - VI  II  

 
 gnimmargorP regetnI  

ehT  tnemecalper  borp l me  sesira  esuaceb  fo  owt  srotcaf  :  
1. ,tsriF  eht  ex gnitsi  tinu  ro  stinu  yam  evah  deviltuo  t rieh  evitceffe  sevil  na  d it may ton  eb   

lacimonoce  ot  wolla  meht  ot  eunitnoc  ni  eht  gro a in z noita  .  
2. ,dnoceS  eht  ex gnitsi  tinu  ro  stinu  yam  ah ve neeb  d rtse o dey  orht u hg  a edicc nt ro  esiwrehto  .  
nI  eht  esac  fo  smeti  ohw se ffe i neic cy og  no  d gnisaerce  idrocca ng ot  ,rieht  i  t seriuqer  ot  dneps  erom   

yenom  no  tnuocca  fo  desaercni  gnitarepo  ,tsoc  desaercni  riaper  ,tsoc  desaercni  ,parcs  cte . nI  hcus   
sesac  eht  tnemecalper  fo  na  dlo  meti  htiw  wen  eno  si  eht  no ly retla n evita  ot  tneverp  hcus  ni c aer s de   

esnepxe s. ,suhT  ti  semoceb  secen sary ot  enimreted  na  ega  ta  hcihw  tnemecalper  si  erom  acimonoce l  
rehtar  naht  ot  eunitnoc  ta  desaercni  tsoc . ehT  orp b smel  fo  stnemecalper  era  deretnuocne  ni  eht  ac se  

fo  htob  nem  dna  hcam ines. By ppa l gniy  ytilibaborp  ti  si  elbissop  ot  etamitse  eht  ecnahc  fo  d htae  ta   
sega suoirav .  

 
T sepy  of per l eca m tne  :smelborp   

 
1. tnemecalpeR  fo  latipac  tnempiuqe  taht  semoceb  esrow  htiw  it m ,e  e.g. senihcam  ,sloot  sesub  ni  a  

tropsnart  ,noitazinagro  ,senalp  e ct   
2. puorG  tnemecalper  fo  smeti  hcihw  liaf  etelpmoc l ,y  g.e . li thg  ,sblub  oidar  tu eb s, etc.  
3. smelborP  fo  ytilatrom  dna  gniffats  .  
4. suoenallecsiM  smelborp  .  

 
1. ehT  tsoc  fo  enihcam  si  sR  0016  dna  i st  cs r pa  av l eu  is no ly sR  001 . ehT  ecnanetniam  stsoc  era   

dnuof  morf  ecneirepxe  to eb  :  
raeY  1 2 3 4 5 6 7 8  

tM n- 001  52 0 004  06 0 09 0 521 0 061 0 0002   
soC t  

 
Wh ne  dluohs  eht  ihcam ne eb  ecalper ?  

 
uloS it on:  

F  ,tsri dnif  na  av egare  co ts  rep  raey  du ir ng eht  efil  fo  eht  enihcam  a  s ollof ws.  
esehT  snoitatupmoc  may eb  dezirammus  ni  eht  gniwollof   

ecalpeR  ta  cnanetniaM e latoT  nereffiD ec  latoT  tsoc  egarevA  tsoc   
fo dne eht   tsoc an ecnanetniam  cirP w/b e  

eht  raey  )n(  soc t dna  elaseR   
ecirp   

)n(  nR  

 

∑ c( - )s  )n(p[ ]  n/)n(P  
1 01 0 001  006 0 016 0  0016  
2 52 0 053  006 0 536 0  5713  
3 04 0 057  006 0 576 0  0522  
4 06 0 0531  006 0 537 0  05.7381  
5 09 0 0522  006 0 528 0  0561  
6 521 0 0053  006 0 059 0 33.3851   
7 061 0 0014  006 0 0111 0  17.5851  
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ereH  ti  si  devresbo  taht  eht  ecnanetniam  tsoc  ni  eht  7 ht  raey  semoceb  retaerg  naht  eht  egareva  tsoc   
rof  6 sraey . eH n ec  eht  m enihca  dluohs  eb  decalper  ta  eht  dne  fo  6 ht  raey  .  

 
2. enihcaM  renwo  sdnif  morf  sih  tsap  sdrocer  aht t t eh  stsoc  rep  raey  of am i atn ini gn  a enihcam   

esohw  esahcrup  ecirp  si  sR  0006  era  sa  gi nev  eb l  :wo  
raeY  1 2 3 4 5 6 7 8  

tM n 0001  021 0 0041  081 0 0032  082 0 043 0 0004   
soC t  

laseR e 0003  051 0 057  73 5 02 0 02 0 02 0 002   
ecirp   

tA  tahw  ega  si  a r nemecalpe  t eud ?  
 

So ul tion: sA  ni  elpmaxe  ,1  eht  enihcam  dluohs  eb  ecalper  ta  eht  dne  fo  eht  f htfi  ,raey  esuaceb  the  
ecnanetniam  tsoc  ni  eht  6 ht  raey  semoceb  retaerg  naht  eht  egareva  tsoc  rof  5 sraey  .  

 
ereH  eht  egareva  tsoc  rep  raey  gnirud  eht  efil  fo  the enihcam .  

ecalpeR  ta  cnanetniaM e atoT l nereffiD ec  latoT  tsoc  egarevA  tsoc   
fo dne eht  c tso  cnanetniam e cirp w/b e  

raey  (n) soc t laser dna e  
ecirp   

`)n(  nR  

 

∑Rn c( - )ns  n(P )  n/)n(P  
1 001 0 001 0 003 0 004 0  0004  
2 021 0 022 0 054 0 076 0  0533  
3 041 0 063 0 525 0 588 0  0592  
4 081 0 045 0 265 5 2011 5  6572  
5 032 0 077 0 085 0 0531 0 0072   
6 082 0 0501 0 085 0 0361 0  7172  
 
1. nA  gnireenignE  moc pany si  dereffo  a am t laire  gnildnah  tnempiuqe  A. A si  decirp  at R 000,06.s .  

gnidulcni  tsoc  fo  allatsni t ;noi  dna  eht  tsoc  rof  noitarepo  dna  ecnanetniam  era  itse mat de  to eb  Rs. 000,01   
rof  hcae  fo  eht  tsrif  evif  ,sraey  gnisaercni  eve ry raey  by 000,3.sR  rep  raey  in eht  htxis   tneuqesbus dna  

raey s. ehT  apmoc ny ex stcep  a nruter  of %01  no  la i sti l tsevn m ne t. tahW  si  eht  lamitpo  tnemecalper   
 ?doirep  

raeY  n gninnuR  vitalumuC e oitaicerpeD n TC AT  C  
soc t Rn ninnur g tsoc   

tsoc   
)1(  2( ) 3( ) )4(  4+3( ) 1(/)5( )  

1 00,1 0 000,1  0054 0 00064  00064   
2 00,11 0 0021 0 0054 0 00075  00582   
3 00,12 0 0033 0 0054 0 00087  00062   
4 00,13 0 0046 0 0054 0 00901 0 05272   
5 00,14 0 0001501  0054 0 00051 0 00003   
6 00,15 0 000651  0054 0 0010,2 0 00533   
 

raeY  n gninnuR  vitalumuC e oitaicerpeD n CT   CTA  
soc t Rn ninnur g tsoc   
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tsoc   
)1(  2( ) 3( ) 4( ) )4+3(   )1(/)5(  

1 00,2 0 000,2  0005 0 0025 0  00025  
2 00,6 0 008 0 0005 0 0085 0  00092  
3 00,01 0 0081 0 0005 0 0086 0  76622  
4 00,41 0 0023 0 0005 0 000928   00502  
5 00,81 0 0005 0 0005 0 000001  00002   
6 00,22 0 0027 0 0005 0 000,22,1   33302  
 

A dluohs  eb  decalper  by  
 
2. A retupmoc  sniatnoc  000,01  srotsiser . nehW  any r rotsise  ,sliaf  ti  si  per al dec . ehT  soc t  

fo  gnicalper  a rotsiser  i laudividn ly si  1.eR  no ly. fI  lla  eht  srotsiser  er era p a decal t t  eh  
emas  ,emit  eht  tsoc  ep  r rotsiser  dluow  eb  r cude ed ot  53  esiap . ehT  egatnecrep   fo  

gnivivrus  srotsiser  yas  )t(S  ta  eht  dne  fo  htnom  t dna  )t(P  eht  ilibaborp ty fo  iaf l  eru  
gnirud  t htnom eht  are:  

 
T 0 1 2 3 4 5 6  

t(S ) 01 0 97 90 70 30 15 0  
t(P ) - 0.0 3 0.0 7 2.0 0 4.0 0 1.0 5 51.0   

tahW  si  eht  lamitpo  tnemecalper  nalp  ?  
 
 

00,01=oN  0  
03=1N 0  
07=2N 9  

402=3N 2  
1714=4N  

302=5N 0  
952=6N 0  

Ex detcep  efil  = 20.4  mon sht   
gvA  seruliaF  = 8842  r srotsise   

dnE  fo  m htno  TC  CTA  
1 008,3   00,083  
2 905,4   05.4522  
3 155,6  66.3812   
4 227,01   5.0862  
5 257,21   04.0552  
6 244,51   00.7552  

 
 
3. enihcaM  A stsoc  000,54.sR  dna  eht  epo r gnita  stsoc  era  detamitse  ta  .sR 1 000  rof  t eh  fi tsr  ye  ra  

gnisaercni  by 000,01.sR  rep  raey  ni  eht  dnoces  dna  tneuqesbus  sraey . enihcaM  B stsoc  R 000,05.s  a dn   
gnitarepo  stsoc  era  000,2.sR  rof  eht  tsrif  ,raey  isaercni ng by 000,4.sR  ni  eht  dnoces  dna  bus s tneuqe   

raey s. fI  ew  won  evah  a enihcam  fo  t epy  ,A  uohs ld ew  ecalper  ti  htiw  B? fI  os  nehw ?  htob taht emussA  
senihcam  evah  on  aser le eulav  dna  erutuf  stsoc  era  ton  detnuocsid .  

 
raeY  n gninnuR  etnuocsiD d Rn nD - alummuC it ve vitalummuc+C e C n(W )  
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soc t Rn rotcaf  nD -1 1 
)1(  2( ) 3( ) 2( ) )3(*  )5(  5(+000,06 ) 7( ) 6( )  )7(/  

1 00,01 0 . 09 9 090,9  090,9  090,96  . 09 9 291,63   
2 00,01 0 . 28 6 062,8  053,71  053,77  537.1  282,82   
3 00,01 0 . 57 7 015,7  068,42  068,48  684.2  343,42   
4 00,01 0 . 86 3 038,6  096,13  096,19  961.4  399,12   
5 00,01 0 . 26 1 012,6  009,73  009,79  097.4  834,02   
6 00,31 0 . 65 4 233,7  232,54  232,50,1  453.5  556,91   
7 00,61 0 . 15 3 802,8  044,35  044,31,1  768.5  533,91   
8 00,91 0 . 64 6 458,8  492,26  492,22,1  333.6  113,91   
9 00,22 0 . 24 4 823,9  226,17  226,13,1  757.6  974,91   
10 00,52 0 . 83 5 056,9  742,18  742,14,1  241.7  777,91   
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