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Why platelets?

- Inventory echelon for Hao
platelets (thrombocytes). g B'oodCeu

« Used in cancer treatments . 0c . /Wh.tea.ood@u
and to prevent and treat ®
bleeding. ‘

Platelet
' y'd

« Certain patients benefit from
"fresher"” units.
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Challenges in managing the platelet SC

« Short shelf life (3-5 days), high outdate rate

* Processing and inventory management is expensive
« Throwing products away is morally problematic

* A shortage may lead to loss of life

* Bias: satisfy demand but keep costs low simultaneously
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Donation, processing Days
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A 2SSP model for platelet mventory (1/2)

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

Stage 1 Set order-up-to level(s)

____________________________ ¢

Stage 2 Allocate units

Shortage [«—1» Transfusions

Outdate [«—»{ Substitution
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A 2SSP model for platelet inventory (2/2)

» Stochasticity: uncertain demand

— Often modelled as a Poisson process
— Many possible realisations (scenarios)

» Constraints, for example:

— A proportion of the demand must be satisfied at all times
— Order amount = amount given to patients + outdate (etc.)
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Challenges with optimizing the problem

« Solving time grows as the
complexity increases

« Solution? Split into easier -
subproblems .

— the required time would only
grow linearly

— parallelisation could be
exploited

Solving time

— Main focus of this study

Mo. of scenarios
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Primal min. — dual max. problem

Exp. value 1ststage 2"d stage

\ l l
min. z = X.P($)[c™x($) + q'y(S)]

s.t. x(&) =xforall £

Create Lagrangian function:
— move constraints into the objective using Lagrangian multipliers

min. L(x, y, 2) =z + Z:A(X - X())

Note: can be split into a sum of independent scenario-wise terms
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Primal min. — dual max. problem

Dual function: ¢(1) = min,, L < min,, z  (for all x,y)

So: max;¢ = max; {min, L} < min,, z

Thus we get a lower bound for the primal problem
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Challenges with max.a¢

* Closed form might be hard to obtain

« Complex problems often solved iteratively instead of
brute-force

« Various algorithms were implemented, based on:
— Gradient ascent direction (subgradient algorithms)

— Constraint planes & quadratic approximation of ¢
(bundle method)

Aalto-yliopisto . fonalvvei
korkeakoulu



A general algorithm for the Lag. dual problem

Form the primal problem, give initial values

v

Decompose the primal problem, introduce NACs

Y

Form the Lagrangian function, relax NACs
using given Lagrangian multipliers

v

Form the dual function by solving independent
scenario-wise subproblems

v

Update dual multipliers

Convergence criteria
satisfied?

No
Yes
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Aalto-yliopisto
A Perustieteiden Return desired values laboratorio
korkeakoulu —




Results

« Standard Lagrangian did not force all x(é) to be
equal — LB values not as good as possible

« Augmented Lagrangian: additional quadratic
penalty term to L (worked correctly)

« Dual maximisation algorithms varied by:
— speed of convergence
— best LB value

» Duality gaps < 2% (20 scenarios) and < 5% (50
scenarios)

A Aalto-yliopisto lysteemianalyysin

Perustieteiden laboratorio
korkeakoulu —



Augmented
Lagrangian 3
©
>
o
c
>
3
3
=
S
Note: converge to
different LB values
Standard
Lagrangian %
S
o
c
>
3
3
=
S

A Aalto-yliopisto

— Standard
— Momentum

—— Bundle

Nesterov

60300 60500 60700 {60900
|

I [ [ [ [

[

0 100 200 300 400 500

Time (seconds)

Coon)™~

o
o
L{) p—
e}
Te}
o
o
(Y) p—
loe]
T}
— Standard
— — Momentum
Nesterov
o —— Bundle
o
S —
o) [ | | | | I

0 200 400 600

Time (seconds)

Note: different
solving times

/steemianalyysin

laboratorio



Bound value

Duality
gap (%)

1 3.68
v 2 1.51
O pa—

S & .L v 3 283
1 sk ks ::: o .!‘ O
9 - M 6 094
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o —1 1T 1T T T 11171 ! 16
1 5 3 4 5 6 7 8 9 10 8 1.38
9 2.03
Instance number 10 0.83
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QUESTIONS?
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