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Pouzivané vstupni veliciny I.

ead time (LT) — prubézny cas-vétsSinou
constantni . Jeho hodnota predstavuje
kvalifikovany odhad vyrobni doby na stroji
nebo na skupiné stroju nebo na lince




Pouzivané vstupni veliciny Il.

* Flow time: Casovy interval vymezujici uréujici
zaCatek a konec dil¢iho procesu (napr.operaci
obrabéni hridele nebo oholeni zakaznika) .
Nekdy se tento Cas nazyva také procesni cas.
Pokud muzete procesem projit po rlznych
cestach, pak flow time je Cas straveny na
nejdelsi cesteé.



Pouzivané vstupni veliciny Ill.

* Cycle time = prumérny ¢as od zahdjeni ,,jobu”
(projektu, operace na strojnim centru) do
dobé, nez soucastka, (zakaznik) job (projekt,
operaci) opusti

* V ruznych zdrojich vénujicich se Littlovu
zakonu nekdy dochazi k tomu, ze CT=FT



Konstatovani

* Je velice podstatné, aby vSechny tri pouzivané
veliCiny Littlova zakona byly presné
definovany, coz umozni jeho k pochopeni.



Different times used in Little’s law

* Lead time (LT)
* Flow time (FT)
e Cycle time (CT)

It is absolutely essential to define precisely
above mentioned times in order to better
understand principles of Little’s law

WIP=TH x CT



Dalsi dve veliCiny

 WIP= Work in Process (Work in Progress)-
nedokoncena vyroba

 TH=Throughput=Throughput Rate = Prutok=
=kolik dilct (zdkazniku) zpracuje jednotka
(stroj, holic, obsluha bankovni prepazky,
obsluzné misto,....) za definovanou jednotku
casu (minuta, hodina, atd.)



LittlOv zakon (teorém)

WIP=TH x CT

Zakon je soucasti teorie front.



Definitions (anglicka varianta definic)

 CT=average time from when the job is released
into station (machine) or line to when it exits

* L T=management constant indicating the time
allotted for production of a part on a given
routing

* CT =FT (in different publications they use FT
instead of CT)

 CT=Throughput Time (in different publications
they use Throughput Time instead of CT)



Bézna situace, kterou je potreba resit

30 zdkaznik(/hodina — (maximalni kapacita provozovny) =Prutok
8 zdkaznikl ceka ve fronté (naraznik=buffer) = WIP=NV
5 minut trva doba obsluhy jednoho zakaznika=CYCLE Time

8 zakaznik 5 minut/obsluha 1 zakaznika
ceka ve fronté na jednom obsluzném misté

Je potreba odstranit vsechny Casy, které neprinaseji hodnotu

1 obsluzné misto=12 zdkaznikd za hodinu (60/5=12), takze pro 30
zdkaznikd/hodinu je potreba kapacita 2,5 =30/12 obsluzného mista



Otazky

Jak dlouho prumeérné ceka zakaznik ve fronte ?
Kolik prumérné lidi muze byt naraz obslouzeno ?
Kolik zakazniku je v provozovneé v jenom okamziku
(jak Cekajici, tak ti, které personal obsluhuje) ?
Jaka je prumérna doba ,,prustupu” (prutoku)
zakaznika provozovnou (Cekani i obsluha)
Zjednodusujici podminky

— Vstupni tok” (primeér) =, Vystupni tok” (primeér)

— Diky primérovani neuvazujeme fluktuaci (viz hody
minci)




Klicova meéritka a proménné (doplnéni definic)

CT =Cycle Time (jak dlouho trva cely proces) =5

Work in Process = WIP (kolik jednotek je v procesu= nedokoncena vyroba=Work In
Progress) =8

Throughput =TH (pocet zakaznikl/jednotka ¢asu) — napf. 30/hod (nase zadani)

Tyto méritka jsou propojena Littlovym zakonem WI P=TH X CT

Cycle Time



Reseni (home study)

Proces WIP TH (Zak/hod) CT Proces WIP TH (Zdk/hod)  CT (min/Zak) Time
Buffer 8 30 Buffer 8 30 5

Obsluha 30 5 Obsluha 30 5 5
Celkem 30 Celkem 30 5

WIP=TH x CT CT=WIP /TH (tFeti sloupec je kvdli jednotkam)

Proces l WIP  TH(zak/hod)  CT(min/zak)  Time Proces l WP TH(zak/hod)  CT(/min/zak)  Time
Buffer 8 30 5 Buffer 8 30 5 16
Obsluha 25 30 5 5 Obsluha 2,5 30 5 5
Celkem 10,5 30 5 Celkem 10,5 30 5 21

Zadani (z predchozich snimk)

30 zakaznikl/hodina — (max kapacita provozovny) = Throughput =TH

8 zdkaznik( ceka ve fronté (ndraznik) = WIP

5 minut trva doba obsluhy jednoho zakaznika = CT

WIP =THxCT=((30/60)*5)=(3*5)/6 = 2,5, tedy kolik zdkaznikd naraz mulze
byt obslouzeno a celkem jich je v provozovné 10,5=8,0+2,5 a déle pak:
CT=WIP /TH=8/(3/6)= (8*6)/3=48/3=16 (tak dlouho c¢eka zakaznik ve
fronté )



Otazky

Jak dlouho primeérné ceka zakaznik ve fronté ?
Odpoveéd =16

Kolik primérné lidi mize byt naraz obslouzeno ?
Odpoveéd = 2,5

Kolik zakazniku je v provozovné v jenom okamziku (jak cekajici
tak ty, které personadl obsluhuje) ?

Odpoveéd = 10,5
Jaka je primérna doba ,,prustupu” zakaznika provozovnou
(Cekani i obsluha) ?

Odpovéd = 21 minut



Little’s law-2nd part

Skorkovsky ,KPH,ESF.MU

Based on resource : Factory Physics (Hopp and Spearman)



Little’s law - definition (formula)

 Fundamental relationships among :

— WIP (Work In Process)
— Cycle Time (CT)

— Throughput (T or sometimes TH)

WIP=TH x CT

e Formula

e Can be applied to:
— Single machine station
— Complex production line
— Entire plant

Relationships among these variables will serve to se clearly
precise (quantitative) description of behaviour of the single
production line . It helps user to use a given scale to
benchmark actual production systems



| finally figured it out !!!!

Little s Law

rvg. Work: Lin Progress

ave. Lead Time =

avg. Thronghput

. : L&)
Avg.Lead Time =Cycle Time !! E




Daily application of the law....

--I-.-
rd
#
/

mean number
in the pub

SUB y

_ average
~ time at the pub

,
My

L

departure
rate




Definition of basic parameters
(supplements)

Throughput (Throughput rate, TH) : production per unit time that is
sold (see TOC definition)

If TH is measured in cost dollars rather than in prices, it is typically called :

Cost of good sold (COGS)

Upper limit of TH in production process is capacity

If you release more raw material above capacity of the line (machine), system
become unstable —> WIP goes up !! See later ...



Definition of basic parameters
(supplements)

WIP (Work In Process) : inventory between start and end
points of the product routing

WIP can be used as one parameter to calculate (measure) an efficiency

Efficiency can be defined as Turnover Ratio = TH/FGI for warehouses or
TH/(FGI+WIP) for production plants where FGI=Finished goods inventory

WIP :inventory still in line

Manufacturing Process

A SN ES

Inventory

FGI : inventory waiting for dispatch (shipping)




Definition of basic parameters
(supplements)

* CT (Cycle Time) or so called Throughput Rate) : average time
from release of the job of the beginning of the routing until it
reaches an inventory point at the end of the routing or time
that part spends as a WIP.

* LT (Lead Time) : managerial constant used for planning of
production

Service Level (especially for M-T-O lines, where plant have to satisfy orders with
specific due dates) :

Service level P{Cycle time=<Lead Time}



Best case performance

TH=Throughput=F(WIP)

11111111111



Resources

* WIP=TH * CT

» Source : Factory Physiscs, Wallace J Hopp and Mark L. Spearman ; ISBN 13:
978-1-57766-739-1 or ISBN 10 :1-57766-739-5

http://www.factoryphysics.com/principle/littleslaw.htm



Exa m p I e 1 (home study)

Estimating Waiting Times: If are in a grocery queue behind 10
persons and estimate that the clerk is taking around 5
minutes/per customer, we can calculate that it will take us 50
minutes (10 persons x 5 minutes/person) to start service.

This is essentially Little's law. We take the number of persons
in the queue (10) as the "inventory".

The inverse of the average time per customer (1/5
customers/minute) provides us the rate of service or the
Throughput.

Finally, we obtain the waiting time as equal to number of
persons in the queue divided by the processing rate 10/(1/5)
= 50 minutes).



Exa m p I e 2 (home study)

* Planned Inventory Time: Suppose a product is
scheduled so that we expect it to wait for 2 days in
finished goods inventory before shipping to the
customer. This two days is called planned inventory time
and is sometimes used as protection against system
variability to ensure high delivery service. Using Little's
law the total amount of inventory in finished goods can
be computed as :

* FGI = throughput x planned inventory time



Youtube examples (6 minutes)

* http://www.youtube.com/watch?v=VUS8TUShQ-vw
 http://www.youtube.com/watch?v=rtGihR-bm-U
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