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Namaskaar aur ek baar phir aapaka svaagat hai Bhaarat sarakaar kee MOOCS pahal ke
antargat paathyakram Nirmaan Prabandhan ke Siddhaant mein.
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Aaj ham hain lecture 23 par aur ham baat kar rahe hain sansaadhan aavantan evan stareekaran
kee.
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Is paathyakram ke module yahaan dikhae gae hain.
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Aur ham log planning evan scheduling ke module par vichaar kar rahe hain.
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Nirmaan kaaryon kee jab ham planning karate hain to yah plan ya to samay unmukh (time
oriented) ya sansaadhan unmukt (resource oriented) hote hain, in donon mein sambandh bhee
hota hai. Abhee tak is paathyakram mein hamane adhikaanshat: time oriented scheduling kee
charcha kee hai haalaanki pichhale lecture mein saamagree evan machine kee planning ko is
charcha se jodane ka prayaas bhee kiya gaya tha.
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Aaj ke lecture mein ham maanav sansaadhan kee planning ko bhee isase jodane ka prayaas
karenge. Jahaan tak sansaadhanon ke scheduling ka savaal hai yadyapi gatividhi kee avadhi
aur aavantit sansaadhanon mein nikat sambandh hota hai, ki kitane sansaadhan Kkis
utpaadakata ke sansaadhan hamane kisee gatividhi mein lagae us gatividhi ko poora karane
kee jo avadhi hai vah us par nirbhar karatee hai. Kintu network aarekhon se pariyojana kee



avadhi ka anumaan lagaate samay sansaadhanon kee upalabdhata par seemit dhyaan hee diya
jaata hai. Pariyojanaon mein sansaadhanon kee kamee aksar dekhee jaatee hai. Isake kaee
kaaran ho sakate hain: sansaadhanon kee vaastavik kamee ho jae, aapane socha tha ki hamen
itanee cement chaahie hogee market se cement gaayab ho jae vahaan par usakee upalabdhata
kam ho jae, steel kee upalabdhata kam ho jae aapane socha tha yah machine hamako mil
jaegee lekin site par pahunchane mein us machine mein deree ho, pratispardhee maange ho
jaen ki cement yahaan bhee chaahie cement vahaan bhee chaahie, to in sab baaton se
pariyojanaon mein sansaadhanon ko aavantit karane kee aavashyakata hotee hai. Nirmaan
pariyojanaon ke prabandhan mein sansaadhan kee planning aur usaka aavantan ek
mahatvapoorn bhoomika nibhaata hai.
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Aaiye ek saral udaaharan se ham pariyojana mein gatividhiyon ke lie maanav sansaadhanon
ke aavantan se jude siddhaanton aur parinaamon ko dekhen. Aage badhane se pahale ham
class 8 ya 9 mein kuchh jo concept karae jaate hain unitary method ke unaka revision karate
hain. Yah hamesha dhyaan rakhana chaahie ki jo kaary hota hai work usaka ek parimaan hota
hai maatra hotee hai jisako ki ham main days mein convert karate hain arthaat agar 50 cubic
meter kaam hona hai earth work hona hai aur hamen pata hai kee utpaadakata ek cubic meter
par main de hai ki ek vyakti ek din kaam karega. To ek cubic meter earth work karega to ham
kahate hain ki 50 cubic meter ke earth work mein 50 main de ka kaaryabhaar hai. Isee
siddhaant ko aage badhate hue ham scheduling mein kaise jodate hain yah kuchh udaaharan
ke saath dekhenge.

(Reference Time 03:39)
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Ek project mein chaar gatividhiyaan hain A, B, C aur D. A aur D kisee par nirbhar nahin
karatee, C, A par nirbhar karatee hai aur D, B par. Kaaryabhaar jaisa ki abhee hamane dekha
main days mein maapa gaya hai aur A ke lie 500, B ke lie 200, C ke lie 300 aur D ke lie 200
anumaanit kiya gaya hai. Saath hee saath agar ham yah maan len ki A aur C mein
visheshagyata T1 ke shramikon kee aavashyakata hotee hai. Aur B aur D mein visheshagyata
T2 ke shramikon kee aavashyakata hotee hai. Is baat par bhee hamane pahale charcha kee
thee ki nirmaan pariyojanaon mein tarah-tarah ke visheshagyaataon ke shramikon kee
aavashyakata hotee hai. Hamen carpenter bhee chaahie hamen bar-vendor chaahie, mason
chaahie, Electrician chaahie. To kaee prakaar ke log hamako ek pariyojana ko poora karane
mein sahaayata karate hain. To yahaan par ham kah rahe hain ki A aur C isamen hamen T1
visheshagyata ke log chaahie aur B aur D mein T2 visheshagy kee shramikon kee
aavashyakata hai. Prashn yah hai ki pariyojana kee avadhi nirdhaarit karen yadi pariyojana ke
lie 10 shramik T1 aur 10 hee shramik T2 ke upalabdh hain aur is-is sansaadhan pariniyojan
par tippanee karen. To tippanee karane se pahale ham dekhenge ki aakhirakaar is chhote se
project ka network kya hai? A aur D paraspar independent hain Kisee par nirbhar nahee hain.
A ke baad C aatee hai aur B ke baad activity hai D. To yahaan par ye kaha gaya hai ki A aur
C is loop mein T1 visheshagyata ke log chaahie aur is loop mein T2 visheshagyata ke log
chaahie.

(Reference Time 05:47)
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To aage badhate hain aur nirdhaarit karate hain ki yadi 10 shramik ham sabhee activities
mein lagaate hai, arthaat praarambh mein T1 visheshagyata vaale dason shramik aur T2
visheshagyata vaale dason shramik gatividhi A aur D ke lie aavantit kie jaen arthaat ham jab
gatividhi A karane ja rahe hain aur B karane ja rahe hain to yah donon ek sang shuroo karen
aur A mein T1 ke 10 log lagaayen aur B mein T2 ke 10 log lagaayen. A aur D ke poora hone
ke baad T1 aur T2 shramikon ko samaan sankhya arthaat 10 mein kramashah gatividhi C aur
D mein aavantit kar den. Arthaat jab A samapt ho jae to yah tamaam shramik activity C mein
chale jaen aur jab B samaapt ho jae. To yah tamaam shramik activity d mein chale jaenge.
Yah maanate hue ham pariyojana ke samay ka anumaan laga rahe hain. To agar ham yah 10
shramikon kee baat karate hain aur yahaan par kaaryabhaar diya hua hai, to samay yahaan par
nikal kar aata hai. Agar ham shramikon kee sankhya 10 hee rakhate hain to kaaryabhaar
yahaan diya hua hai samay dinon mein yahaan par die hue sankhyaon mein nikal kar aata hai.

(Reference Time 07:06)



Department of Civil Engineering

Indian Institute of Technology Kanpur

A NONE
B NONE
C A

D L]

doak d wfafafmt o swft
ey feard) ) 3

aw i s 8o fat o g fe e @

T T AT MOOCS T 3 ST Qg - Foioy saas ¥ far

11

Is baat ko activities on arrow, yah network main bahut code tareeke se bhee bana kar
dikhaaya tha aapako. A aur C, B aur D jisamen ki ab yah pata chala ki 50 din aur 30 din, 20
din aur 20 din lagenge. Is network se hamako yah to pata chalata hai ki A aur C critical
activity hain. Yahaan par pahunchane ke lie hamen 50 din lagenge. 50 din ke baad ham
shuroo karenge aur 80 din mein yah project samaapt kar denge. Backword pass se A aur C
mein koee flow nahin hai to yahaan par 50 hee rahega lekin is paath mein ham is gatividhi ko
20 par nahin balki 60 par shuroo kar sakate hain, yah gatividhi yadyapi 20 par shuroo kee ja
sakatee hai kintu ham use 60 par shuroo kar sakate hain. 60 se adhik deree nahin honee

chaabhie.
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Abhee tak kee jo shramikon ke deployment kee jo soch thee vah is chitr mein dikhaee gaee
hai. Hamane T1 visheshagyata vaale shramikon ka deployment kaise kiya? 10 log the jo ki
hamane day one se hee lia aur 50 din tak jab tak gatividhi A chalee, unako gatividhi A mein
rakha aur yahaan par unako gatividhi C mein shift kar diya. Is prakaar visheshagyata T2 vaale
shramikon ko bhee hamane 10 kee hee sankhya mein rakha tha aur activity B shuroo se hee
shuroo kee thee arthaat zero par shuroo kiya tha aur D ke khatm hone ke baad unako D mein
shift kar diya tha. To yah hai hamaare shramikon ka deployment hamaaree site par. 80 din ka
project hai jahaan par ki lagaataar T1 ke 10 log employ hain, T2 ke log 10 kee sankhya mein
maatr 40 din tak hee employad hai. Ek baar phir se dohara din kee T1 aur T2 donon hee
shramikon kee tainaatee aavashyak avadhi tak ek samaan hee rakhee gaee hai. Ab prashn
uthata hai ki is prakaar kee upalabdhata na to sambhav hotee hai aur nahin sambhavat:
vaanchhaneey? To na to ham is prakaar se project kee shuruaat se lekar ant tak ek hee
sankhya ke shramikon ko la paenge aur na hee shaayad yah desirable hai vaanchhaneey hai.
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Yah dhyaan mein rakhana chaahie kee pariyojanaon mein nirmaan kee shuruaatee charanon
mein paryaapt dhan evan any sansaadhan jutaana sambhav nahin hota hai isalie yah kahana ki
ham shuroo se 10 log employ karenge aur lagaataar is labor force ke saath kaam karate
rahenge yah mushkil hota hai. Aksar nirmaan gatividhiyaan pariyojana ke beech ke charanon
mein hotee hain aur isalie unake aarambh mein sansaadhanon ke tainaatee mein kramik
vrddhi arthaat gradually increase aur baad mein usee prakaar se dheere-dheere kamee karana
is baat kee sanstuti kee jaatee hai. To yah kahana ki ham deployment constant rakhenge
samay ke saath, isakee jagah ya adhik shreyaskar hoga ki ham usako dheere se badhae phir ek
peek par le jaen aur dheere-dheere us deployment ko kam karen. Haan yah baat avashy hai ki
is line ke neeche ka yah jo kshetraphal hai (area hai) yah hamako us kaary ka jo total
workload hai vah bataata hai. Agar ham is level kee workforce rakhate hain to itane samay
mein yah kaary samaapt hoga. Agar hamako apanee workforce is prakaar se veree karanee
hai badalanee hai aur yah samay ham ek sang rakhana chaahate hain to hamen apanee peek
workforce kam karanee hogee, adhik karanee hogee yah hamen aapake lie svayan sochane ka
ek vishay chhodakar jaata hoon is par sambhavat: aage kabhee charcha karenge.
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To aaie ham log apane udaaharan par vaapas lautate hain aur yahaan dikhaaya gaya hai A aur
C ko nirdhaarit samay arthaat 80 din mein poora karane ke lie shramikon kee sankhya yadi
ham nyoonatam 5 se shuroo karake adhikatam 15 par le jaen aur phir ant mein ghataakar
panch par kar den, to yah hamaara deployment hoga. Arthaat zero se 20 din ham 5 logon se
kaam karen, 21 se 30 tak; 10 se, 31 se 60 tak; 15 se, 61 se 70; phir 10, aur 71 se 80 tak 5. To
hamane ek gradual increase kiya aur gradual decrease kiya. Yah koee aavashyak nahin hai ki
yah symmetric ho ham isako asymmetric tareeke se bhee kar sakate hain. Kintu yah jo
workload tha vah jahaan ka tahaan hee raha. Yahaan par A aur C mein bhedabhaav nahin
kiya gaya hai jab vahaan ka workload samaapt ho jaega to vahee shramik hain jo ki gatividhi
C par chale jaenge.

(Reference Time 12:22)
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Aur isee prakaar kee charcha T2 shramikon ke deployment ko lekar bhee kee ja sakatee hai.
Yahaan par na sirph is sankhya ko 10 par constant rakhane par vichaar karane kee
aavashyakata hai par yah bhee aavashyakata hai ki ham yah sochen ki aakhirakaar ham is
gatividhi ko 40 dinon mein kyon poora karana chaahate hain? Kyonki jo network hamane
banaaya tha usake anusaar A aur C to critical hai, B aur D critical nahin hai. To agar hamen
yahaan par 80 din mein hee pahunchana hai to kya ham is 10 kee sankhya ko kam kar sakate
hain, agar ham is 10 kee sankhya ko kam kar denge to spasht hai ki yah 40 aage badh jaega
lekin usamen hamako koee samasya nahin hai kyonki A aur C vaala loop to 80 tak ja raha
hai. Vahaan par chaahe ham constant deployment karen ya ham kramik vrddhi aur usako
kam karane kee baat karen. Yah exercise main aapake lie homework ke roop mein chhod deta
hoon.

(Reference Time 13:35)
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To aaiye ham log resource leveling kee baat kare. Resource leveling vibhinn gatividhiyon ke
beech sansaadhanon ko is tarah se aavantit karane kee prakriya hai jisamen project kee avadhi
ko dhyaan mein rakhate hue sansaadhanon kee adhikatam aavashyakata ko kam karane ka

prayaas kiya jaata hai. Ek udaaharan ke maadhyam se ham is baat ko samajhane ka prayaas
karen.
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Yahaan diya gaya hai 7 gatividhiyon ka ek network. Pratyek gatividhi kee avadhi dinon mein
arrow par dee gaee hai aur unakee dainik maanav sansaadhan aavashyakata ka ullekh bracket
mein Kiya gaya hai. To activity A hai jo kee 13 din chalegee aur usake lie do shramik
chaahie. Activity B 5 din kee hai aur usamen teen log chaahie. Activity C 5 din hai chaar log
chaahie ityaadi. Ab prashn yah hai ki gatividhiyaan agar apane earliest start time (EST) par
shuroo hotee hain tab aur gatividhiyaan agar apanee latest start time (LST) par shuroo hotee
hai, in do sthitiyon mein to pariyojana ke lie resource profile arthaat kis prakaar se hamen



labor deployment karana hoga yah badalata hai ki nahin badalata hai isaka ek ishaara to main
pichhale udaaharan mein aapako kiya lekin is example ke maadhyam se main usako spasht
karana chaahata hoon.
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Pahale to forward pass aur backward pass ka upayog karake network ka vishleshan kar
gatividhiyon ka EST aur LST gyaat karana hoga. To yah yahaan par dikhaaya gaya hai ki
activity A, B, C, D, E, F, G in gatividhiyon ka earliest start time, latest start time aur duration
vah yahaan par diya hua hai. To is vishleshan se yah spasht ho jaata hai ki gatividhiyaan A, D
aur G critical hain arthaat hamaara critical paath ye hai - A, D aur G aur pariyojana kee
avadhi 35 din hai. Yahaan par ham 35 din par pahunch rahe hain. Do loop hain B aur C, K
aur C aur F jo ki A par nirdhaarit hain aur donon ka hee samaapan activity G ke lie aavashyak
hai.

(Reference Time 16:24)
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To aaiye ab dekhate hain ki yadi gatividhiyaan EST par shuroo hotee hain tab unako kaise
darshaaya jaega aur unaka labor deployment kya hona chaahie? To jahaan tak activities ke
bar chart mein chitron ka savaal hai, to yahaan kiya gaya hai aur A, D aur G ek ke baad ek
yahaan par dikhaee gaee hai. Gatividhi A yahaan tak hai phir usake baad D hai phir G hai aur
jo donon loop hai B E K aur C F yah donon shuroo ho sakate hain activity A samaapt hone ke
baad. To inako apane earliest start time par hee shuroo kiya gaya hai. Vo baat doosaree ki vah
jab bhee samaapt honge to yahaan par samaapt ho jaenge. To aaiye ab dekhate hain ki is sthiti
mein labor deployment kya hoga?
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Vah yahaan par dikhaaya gaya hai. Yahaan se lekar yahaan tak jab activity A chal rahee thee
vahaan par deployment do logon ka hai aur vo do kee sankhya yahaan dikhaee gaee hai.
Yahaan se activity B aur C bhee shuroo ho jaegee jahaan par ki teen log yahaan chaar yahaan
aur do yahaan arthaat yahaan se lekar yahaan tak hamako 9 logon ko employer karane kee
aavashyakata hogee chaar, teen, saat aur do nau. Yahaan par yah thoda badal jaega kyonki E
aur F mein teen logon kee aavashyakata to hai kintu E pahale samaapt ho jaegee arthaat
yahaan par aath aur phir paanch, phir do aur yahaan se chaar logon kee aavashyakata hogee.

(Reference Time 17:58)
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Is baat ko agar ham ek graph ke maadhyam se dikhaen to EST par shuroo hone kee sthiti
mein maanav sansaadhan profile ka graphical representation yahaan par hai. Yahaan se lekar
yahaan tak hamen do log chaahie phir hamaare nau log honge kuchh din ke lie aath, phir
paanch, phir yahaan kam honge phir yahaan par chaar logon kee aavashyakata hogee. To kya
yah distribution hamaare lie sabase uchit hai? Is baat par charcha karane se pahale ham
doosaree sthiti ko bhee dekhate hain jahaan par ki hamaaree gatividhiyaan apane latest start
time se shuroo hogee.

(Reference Time 18:33)
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G ke aarambh mein vilamb na ho isake lie aavashyak hai ki B aur C ka loop, C aur F ka loop
donon hee yahaan par samaapt ho jae, arthaat B kam se kam yahaan se shuroo ho jaanee
chaahie aur C kam se kam yahaan se shuroo ho jaanee chaahie. Dhyaan rahe ki unake earliest
starting time yahaan par the. Kyonki donon hee loop ek hee samaapti par shuroo kiya ja
sakate hain.

(Reference Time 19:10)
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Is sthiti mein hamaare majadoor kee jo deployment hai vo yahaan par dikhaee gaee hai.
Yahaan se lekar yahaan tak do phir 6, 9, 8 aur phir yahaan se lekar yahaan tak 4.

(Reference Time 19:26)
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Is baat ko agar ham graphically dikhaate hain to kuchh is prakaar labor diployament dikhata
hai. Ab baat yah bhee hai ki yah koee aavashyak nahin hai ki donon hee loop ya to earliest
starting time par shuroo hon ya latest starting time par hee shuroo.

(Reference Time 19:49)
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Kyonki is udaaharan mein B aur C mein 5 donon ka float hai aur C aur F ka jo loop hai
usamen do dinon ka float hai atah is baat ko dhyaan mein rakhakar hee activities ko schedule
kiya jaana chaahie. Yah baat sansaadhan par niyojan (deployment) ko tay karane mein bhee
sahaayak ho sakatee hai aur peak demand ko kam kar sakatee hai jaisa ki abhee ham
dekhenge.

(Reference Time 20:16)
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Yah chitran hai gatividhiyaan C aur F ko EST par shuroo karana aur gatividhiyaan B aur E ko
unake LST par shuroo karane kee sthiti mein. B aur E to LST par shuroo ho raha hai, jabaki
C aur F EST par shuroo ho raha hai.

(Reference Time 20:39)
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Is sthiti mein yadi ham apana labor deployment dekhate hain to yahaan se lekar yahaan tak 2
phir 6 phir 8, 5, 4 yah nikal kar aata hai.

(Reference Time 20:48)
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To yah hai ek comparative analysis, tulana hamaare resource distribution kee. Jabaki ham
non-critical activities aagar unako ham earliest starting time par shuroo karate hain, latest
start time par shuroo karate hain aur ek combination kuchh activities EST par shuroo karen
aur kuchh activities LST par shuroo karen, in sthitiyon mein hamen kitana sansaadhan kis
samay project mein chaahie hoga? Isase hamako pata chalata hai kee maatr activities kee
scheduling karane se jo hamaaree peak requirement yahaan par 9 thee hee, yahaan bhee 9
thee vah yahaan par 8 aa jaatee hai aur project kee jo duration hai avadhi hai vah 35 din hee
rahatee hai. To agar ham ek nyaayasangat tareeke se apane activities ko schedule karate hain
to ham peak demand usako kam kar sakate hain. To aaj hamaara focus isee baat par tha ki kis
prakaar ham apane peak demand ko kam kar sakate hain.

(Reference Time 22:00)
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Hamesha kee tarah yahaan par kuchh upayogee prakaashit pustaken dee gaee hai jo ki aapako
is paathyakram ke matecial ko samajhane mein sahaayak siddh hogee.
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Dhanyavaad! Namaskaar.



