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Little's Law Inventory Buildup

Inventory = Throughput Rate * Flow Time

Process Analysis

Inputs Process Outputs

Tvetory T | gy e Days of Inventory = (Inventory / COGS) * Inventory buildup diagram
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Inventory is the number of flow units contained in a process. 5pm  7pm  9pm  11pm 1am 3am

Flow time is the time it takes for a unit to get through the entire process.

Throughput rate is the rate at which the process is delivering output. o -
Cycle time is the time between two consecutive units leaving the process. UtlllZathn
= ltis the inverse of throughput rate.

Capacity is the maximum throughput rate possible

Bottleneck is the resource with lowest capacity (highest processing time). « Actual Utilizati =
Process capacity is the capacity of the bottleneck resource. ctua flization = Capacity (how much can resource produce)

Throughput rate (how much does resource produce)

Time

S5pm 7pm 9pm 11pm 1am 3am

Buffer inventory
(Units)

* Always < 100%
* Determines how much of its potential the resource is using

if demand rate is less than process

Demand rate (request for the resource)

Find total waiting time: area under the curve

capacity, throughput rate and cycle time are * Implied Utilization =

Capacity (how much can resource produce)

given by demand rate'
* May be >100% P =
* Determines the mismatch between demand and capacity Normal Distribution

Flow time = add all times of the process The bottleneck is defined as the resource with the highest implied _
utilization. z = (x-p)/a

Throughput rate = inventory/time
ughpu inv ry/ti x=z0+Q

Cycle time = time/inventory

—_ H 0,
If there is an additional resource, the Z = norm.s.inv(%)

capacity of that part of the process doubles

Service time
Entire Process Time = Flow time + cycle Mean = p min Newsvendor Model

(Avg. service rate per server = 1/p)
Stdev = G,, min

= *
time *(x-1) Inter-arrival time Critical Fractile
Mean = a min

(Avg arrival rate = 1/a)

C, = Cost of over-stocking one unit (overage cost)

m
Efficiency Frontier + Order Winners Selegicazis identical €, = Cost of under-stocking one unit (underage cost)
= Our logic in the marginal analysis is:

Server m

L . + Buy the Q + 15U unit, if its Cost < Benefi: P(D < Q)C, < P(D > Q) C,
To remain in business, your company uy u o o u

. ) . i S
Order winner 2 must be on the efficient frontier. CV, = 0,/a | | = avg system utilization Or equivalendy: PO <z
If your company is not on the efficient frontier, CV, = o, = avg, arrival rate / avg, aggregate service rate G
Trade-off customers have no reason to use your business! 4 2 /v 5,1 /¢ / )g 881! = Stop at Q* when Cost = Benefit P(D<QH = Cul‘co
g Pick any feature, and there’s a company that S p/(ma The newsvendor logic:
> does it better. 3L glc: .
u

- Q"is the smallest quantity such that P(D < Q%) =

CytCo
Service level “Critical ratio”

\ Trade-off
VUT
Efficient Frontier Line

Avg, Wait Time = Variability X Utilization X Service Time

Order winner 1 3 2+ CVpZ w/2m+D-1 Newsvendor Model
Tq:( 2 ) (m(l—u))x”
. . . iabili ilizati i Summary: Optimal Order Quantit
Order Winners: Quality, Speed, Flexibility, bt Pl i o i L4
and Price When m = 1 (single server), VUT Equation reduces to: = With discrete demand Q

Service level
> G
CutCo

qu(w)x( % ) xp

Probability
2 1-u ‘

Yield Loss

Demand

= With normal demand N (g, o)

Yield Loss
Service level
- 7% - VUT Caveats =
(Capacity Calculations: = VUT yields I dy 5 x Demand
pa : 25% (yield loss) yields long-term, steady-state average waiting time.

* Cleaner capacity = 12 units/hr
+ Packager capacity = 10 units/hr
Bottleneck:

Step 1: Find z with z = Norm.s.inv(C,,/(Cy + C,))
* VUT applies only when u < 1 Step 2: Compute Q* = p + zo'
Ifu > 1, the system is unstable and we can’t apply VUT!

* Without yield loss -> Packager »  Use inventory build up analysis instead (c.g., National Cranberry process)

 With yield loss:
* Max output from cleaner = 12 units/hr = VUT assumes infinite buffer size .
+ Maxinput into packager = 12 x 75% = 9 units/hr « When buffer size is finite but large, VUT is 2 good approximation round up rule (rOUnd up optlmal order
. it i is 9 /hr, which is less than its capacity of 10 /hr. *  When buffer size is small, use computer simulation to find wait time
* The botenckis the Clarer .
- VUT equadon’s s good pprosimarion, sndis 1 cxact cquaion quantity)
whenm = 1and artivals are “Poisson”.
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Continuous Review Model

= Reorder point: Order Q* once inventory hits ROP
= Choose ROP so that service level (SL) is met
= If Dy, is normally distributed
- Choose ROP so that P(D;, < ROP) = SL
- $S=2z0;, ROP=dL+SS, where z= NORM.S.INV(SL)
= If Dy, has discrete distribution
- Choose ROP as smallest number where P(D; < ROP) > SL
- sS=ROP-E(D,)

Discrete Distribution: find cumulative
probability, the quantity above the desired
SL is your ROP

Continuous Review Model

Continuous Review Model: Event Triggered
Order

Service level is qualified as satisfying
customer demand

Rule: if inventory = ROP order EOQ
EP = Lead Time

ROP = d (units/day) * L + za (L)

oL = advL

Economic Order Quantity (EOQ)

D = Demand rate (unit/yr)
C = Cost of purchasing a unit ($/unit)
S = Setup cost per order ($)

H = Annual Holding Cost per unit of
inventory ($/unit *year)

H=iC

i = Annual percentage holding cost

Q = Quantity of an order (units)

Number of Orders per year = D/Q (/ yr)
Annual Fixed (setup) cost = (D/Q) * S ($/yr))
Average Inventory = Q/2 (units)

Annual Holding cost = (Q/2) * H ($/yr)
Annual purchasing cost = C * D ($/yr)

Qopt = V(2DS/H)
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Inventory Holding Strategies
1. Inventory Pooling: centralizing inventory
(keeping in one location)

2. Delayed differentiation: keeping inventory
of a base model and postpone final differ-
entiation of products

Periodic Review Model

Time Triggered Model: Order at specific
time points

Exposure Period: time exposed to stock
outs

Exposure Period = RP + LT

Review Period (RP): amount of time it
between each order

Target Stock Level = E[D] in EP + SS

Rule: @ time to order, order up to target
stock level

SS = zag(d)
SL* = Cu/ (Cu +Co)

Amt to Order = Target Stock Level -
Inventory

Periodic review may be necessary if: Too
difficult/expensive to track current inventory
(e.g. lack IT system) Supplier has
bargaining power and/or capacity constr-
aints — imposes order schedule Comple-
x/rigid Shipping and Logistics Coordinating
orders across multiple products from the
same supplier

Continuous Review vs Periodic Review

Continuous Review vs. Periodic Review

C Review Periodic Review
Exposure Period EP=L EP=T+L
When to order '"Ve';:;"::ﬁe;smp Fixed time: Every T days
Q= Target stock level - Net
How much to order Fixed quantity: Order EOQ Inventory
TSL=d (L+T)+55
Average Cycle Inventory Q/2-£0Q/2 Q/2-dT/2

SS =2 o =z 6 [Normal]
S5=ROP - d L [Discrete]

S8 =2 6¢p =2 orat [Normal]

k
Safety Stocl $S=TSL—d (L+T) [Discrete]

Average Pipeline

dL dL
Inventory

« Ifpayuponordering: |- If pay upon ordering:
E0Q/2+SS+dL dT/2+5S+dL
* If cash on delivery: + If cash on delivery:

EOQ/2+SS dT/2+SS

Average Inventory
(owned by firm)
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