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SCM meets PA

Data

Selection e "Customarily, supply chains have focused
! on day-to-day operations: The demand is
o forecasted, materials are sourced to
| meet that demand, production plans are
[ Daa created based on available
I manufacturing assets, and then produced
Dliasacl:t;?/g]ry material is shipped per requirement. The
| focus is on execution, not on improving
Interpretation decision-making, and execution is what
e E@“'a“o” the traditional SCM and ERP systems are
Extact meant to do." (emphasis added)
Knowledge




SCM meets PA

s  "With predictive analytics...
! manufacturers can leverage the data
o within their legacy systems to derive real-
| time insights and use that information to
. Daa optimize future decisions: What will be
I the impact of increasing prices on
Faten demand? Which promotion will have a
| higher impact on sales? We have limited
Interpretation production capacity - should we produce
ane E@“'a“m more of Product A or more of product B
—— to meet our revenue and margin goals?"!
Knowledge
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Domain Understanding

* Problem: My client's plants are not
shipping product in compliance with their
shipping plans.

e Client's measure of choice is Mean
Absolute Percent Error (MAPE) defined
as: abs(plan - actual) / plan, a commonly
used measure of forecast accuracy.

My goalis to identify relationships in the
data which might be root cause
indicators of plan compliance and non-
compliance.
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Understanding Data SE'ECtiOI‘I

Data
Selection

=

Data SAS SPSS
Cleansing Datasets dataset
Data 1
Transformation
@ Preprocess Import
Pattern

Discivery @

Interpretation
and Evaulation SAS > Export
4 L Subset
Extract
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Domain

Understanding Data SE'ECtiOI‘I

Selection

e Source plant type (Plant, Copacker, DC)

Data e Source plant business unit
Cleansing * Source plant region
@ * Destination plant
Dat . L
o Destlngtlon plant type
I * Material group
Pattormn * Shipping mode (Truck, Rail)
Discovery * Product volume ranking (ABCD)
i . Week (1-6)
Interpretati .
o el Item
@ * Pallets planned
Extract * Pallets shipped
Knowledge * MAPE « dependent variable




Und[()a?;?aari]r;ling Data CIeanSing
U
Sohaton e Data cleansing was performed in SAS

programs which created the data used in

Data .
this process.

* Including
Trans[f)c?rtr?qation — filter raw materials
U — filter shipments with negative amounts
Diitéig}y — filter preliminary plans

!

Interpretation
and Evaulation

!

Extract
Knowledge




Domain

Understanding Data TranSfOrmation

Selestion » About MAPE:
@ — MAPE = undefined (missing) when plan =0
C|e[;it§ng — MAPE = 0 when plan = actual
— MAPE > 0 when actual < plan

— MAPE =1 when actual = 0 or twice the plan
— MAPE > 1 when actual less than half of plan

Pattern

Discovery * To get clean classifications | used:
U — If (0 <= MAPE<=.2) — "Best"
e — If (MAPE >= .8) — "Worst"

!

Extract
Knowledge
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Pattern Discovery

| used decision trees in SPSS.

| had chosen six weeks of data: two
weeks from each of September, October,
and November 2010. WEEK =1 thru 6.

| used weeks 1, 3, and 5 for training, and
weeks 2, 4, and 6 for testing: RECODE
Week (1=1) (2=2) (3=1) (4=2) (5=1) (6=2)
INTO Train_Test.

To minimize overfitting and make the

resulting trees easier to understand, | set
Minimum Change in Improvement to .01



Domain MAFE_Binned
Understanding Training
Made O
JL Category % n
;'____I B Beast 320 736
B Hest | W forst G5.0 1562
Data} | m ot |
Data
Cleansing | |
J T T
Mode 1 Mode 2
Data ] Category % n Category % n
Transformation B Best 798 412 | (W Best 182 3224
W Yo rst 202 104 W Yo rst 1.8 1452
Total 225 516 Total Tra 178z

FalletsFlanned
Improvement=0.018

Pattern
Discovery

Interpretation = |4-5 » T-ﬁ
and Evaulation
MHode 3 Hode 4
JL Category % n Category % n
B fost 337 24 N Bast 201 383
Extract W wiarst 663 57 W wiarst 1089 47
Knowledge Total 27 86 Tatal 12.7 420




MAFE_Binned

Domain .
Understanding e D Testing
4L Category % n
;'____I B Best 278 652
B Hest | |
Data | = et | Wl o st 2.1 1684
; I | Total 100.0 2336
Selecton | - ———- =
4L Shippinghode
Improvement=0.132
Data
Cleansing | |
1 T T
Mode 1 Mode 2
Data Category % n Category % n
Transformation W pest 727 242 | |™pest 16.2 304
W yyarst 26.2 124 W ytarst 23.7 1560
Total 202 472 Total 79.2 1864
| =
Pattern PalletsPlanned
Discovery Impr-:-xremlenFEI.DﬂEI
. 2= 4.5 = 4.5
Interpretation | |
and Evaulation Hode 3 Hode 4
JL Category % n Category % n
B Bost 0.2 26 B Best 234 322
Extract W nrorst g9.2 &0 W norst 16.6 64
Knowledge Total 37 E6 Total 16.5 3286




Domain e .
Data
Selection Fredicted
@ Fercent
Sample Dhsered Best wWorst Correct
Data Training  Best 383 353 52.0%
Cleansing
Worst 47 1814 97 0%
U Cwerall Percentage 18.7% g31.3% a2.6%
T [f)ata . Test Eest 322 330 49.4%,
ransformation
Worst H4 1620 HE.2%
Crwerall Percentage 16.5% 83.5% 331 % /

Pattern Growing Method: CRT
Discovery Dependent Variable: MAPE_Binned

[ SpIEELED Result was the same for p=100 c=50,
g p=50 c=25, p=10 c=5, and p=2 c=1.
e




Domain
Understanding

!

Data
Selection

!

Data
Cleansing

!

Data
Transformation

Pattern
Discovery

Interpretation
and Evaulation

!

Extract
Knowledge

Confidence Interval

We can construct a 95% confidence
interval for the accuracy as follows:

Classifier Error Rate (E) = number of test
set errors divided by number of test set
instances = (330 + 64) / 2336 =.169
Sample variance (V) = E * (1-E) =.169 *
831 = .1404

Standard error (SE) = sqrt(V/n) =
sqrt(.1404/2336) = .00775

Confidence interval = E + 2*SE =.169 +
2*.00775=.169 + .016 =(.153, .185)
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This is what happened when | used p=2 c=1
and used the default Minimum Change
for Improvement (.0001)!
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Interpretation and Evaluation

* | was not satisfied with the trivial results
and attributed them to the data being
too complex; that is, representing too
many populations.

e | used Excel to run a Pareto analysis on
the data. It turns out that those items
with planned shipment of 50 or more
constitute 80% of all shipments.



Domain

Underjfndmg Interpretation and Evaluation
Sore  An observation: | have 9,233 rows of data.
! There are 1,622 rows with planned
o shipment of 50 or more: that is 1,622 /
| 9,233 =17.6%, which is pretty close to
[ baa the proverbial 80/20 rule often
I mentioned with Pareto analysis!
Pattern
Discovery

Interpretation
and Evaulation

Extract
Knowledge




Understanding Interpretation and Evaluation
U
. * | added a new variable indicating which
! rows had planned shipment of 50 or
o more and which did not.

* | then reran the decision tree for each

Data «y -
condition.

* And so we see that data mining is, in fact,

P . .
an iterative process!
Interpretation
and Evaulation

Extract
Knowledge




D . MAFE_Binned
omain o o
Understanding Node D Training (Plan >=50)
4L Category % n
;‘____I N Pest 457 237
B Best |
Data = wort | Total 1000 518
Selection Lot = —1=
iL SourcePlantBuziness
Improvement=0.221
Data
Cleansing | |
JL THi:IF' HOT; QFS
Dat Mode 1 Mode 2
T fa ! ) Categorny % n Category % n
ransformation M Pest a7 7 473 | ™ pest 127 B4
W yorst 22 4 o rst g1.2 278
Total 341 177 Total G65.9 342
Pattern =
Discovery SourcePlantType
Improvement=0.012
Interpretation PLANT COPACKER; DC
and Evaulation |
Mode 3 Mode 4
Categony % n Categony % n
BN Beost 2849 46 N pest a2 18
KExtrlac(;t W ifarst 71.1 113 W vt 00.2 165
folisel)s Total 306 159 Total 353 123




. MAFE_Binned
Domain .
Understanding - Testing (Plan >= 50)
4L Category % n
;‘————| N Best J0.1 213
|
Data - Euiﬁr; : B iarst 509 318
4L SourcePlantBusiness
Improvement=0.281
Data
Cleansing | |
JL THiIIF' HOT:; QFs
Data o H-:u:lelﬁ o Hndei
. ategony n ategony n
Transformation
ansformatio B Bt a4.3 150 N Best 169 653
B ot 57 89 B wyarst 2321 309
Total 299 159 Tatal o4 372

Pattern | []
Discovery SourcePlantType

Improvement=0.012

Interpretation PLANT COPACKER: DO
and Evaulation |
Mode 3 Mode 4
Category % n Categony % n
Extract ¥ Best 31.1 55 W Best 41 8
W orst 63.9 122 W yorst 95.9 157
Knowledge

Total 233 177 Total 36.7 195




Domain . e .
Data
Selection Predicted
@ Fercent
Sample Ohsered Best Wiarst Correct
Data Training  Best 173 hi4 73.0%
Cleansing
Worst 4 278 H8.6%
U Cwerall Percentage 34.1% b5.9% g6.9%
Data Test Best 150 53 0.4 %,
Transformation Worst 9 309 a7 7%
Cwerall Percentage 29.9% F0.1% g6.4% )

Pattern Growing Method: CRET
Discovery Cependent Variable: MAFE_Binned

Interpretation
and Evaulation

!

Extract
Knowledge




MAFE_Binned
Domain . .
Understanding —— Training (Plan < 50)
Categony % n
e B Bost 220 409
B Best | B st 72.0 1280
Data : W Worst | Tot
. | atal 100.0 1779
Selecton | @ ————_-
Data
Cleansing | |
| T T
Dat Hode 1 Hode 2
T fa ! . Categony % n Categony % n
ranstormation B Pest 708 245 | ™ Best 17.7 254
B iforst 292 101 B njarst 82.3 1179
Total 19.4 3246 Tatal 0.6 1433

Pattern
Discovery

Interpretation 4= |4_5 = 4.5
and Evaulation | |
Mode 3 Mode 4
4L Categony % n Categony % n
Extract N pest 337 29 N pest 221 216
Knowledge — o 663 &7 |Mworst 160 44
9 Tatal 48 26 Total 146 260
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MAPE_Binned

Testing (Plan < 50)

Interpretation
and Evaulation

!

Extract
Knowledge

Mode O
Categony % M
L | N pest 2432 434
| '®mBest | B yirarst 75.7 1366
| o Worst | Total  100.0 1305
Shippinghode
Improvement=0.022
T |
Mode 1 Mode 2
Category % n Category % n
N Pest g23.0 203 N Best 1589 236
B iarst 370 1148 N farst g1 12497
Total 178 322 Tatal 222 1483
FalletsFlanned
Improvement=0.012
4= |4.5 :-T.E
Mode 3 Mode 4
Category % n Category % n
N Pest 0.2 26 N Pest 750 ATT
o rst 592 &0 W o rst 250 549
Tatal 42 86 Tatal 121 236




Domain e .
Data
Selection Fredicted
@ Fercent
Sample Dhsered Best wWorst Correct
Data Training  Best 383 353 52.0%
Cleansing
Worst 47 1814 97 0%
U Cwerall Percentage 18.7% g31.3% a2.6%
T [f)ata . Test Eest 322 330 49.4%,
ransformation
Worst H4 1620 HE.2%
Crwerall Percentage 16.5% 83.5% 331 % /

Pattern Growing Method: CRT
Discovery Dependent Variable: MAPE_Binned

[ SpIEELED Result was the same for p=100 c=50,
g p=50 c=25, p=10 c=5, and p=2 c=1.
e




Domain

Understanding Interpretation and Evaluation
i
Sk » There were, indeed, very different results
l for those records with plan >= 50 and
o those with plan < 50.
{ e Ultimately, my client will have to
Transe on determine if the findings are relevent and
|t make business sense. (In particular, | am
Dhesovony curious about the cut at 4.5 pallets...?)

Interpretation
and Evaulation

Extract
Knowledge
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Extract Knowledge

Knowledge should be

— non-trivial / non-intuitive
— previously unknown

— potentially useful

My results were rather underwhelming.

In fact, | was forewarned that this might
be the case.

Nevertheless, the process shows merit.

Given the proper variables, | am
convinced that the process would isolate
the root causes of non-compliance.
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Lessons Learned

e This is harder than it looks! The casual
observer will look at the end result and,

not seeing all the dead ends | ran into,
think it was easy!
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Lessons Learned

* | would prefer a scripting language where
| can comment / uncomment my code,
making it easier to remember what
combinations | have already tried. (This
comment may be indicative of my bias
for SAS and my current lack of familiarity
with SPSS.)
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Lessons Learned

* | was really annoyed that SPSS doesn't
remember the criteria used for recoding
data when you save the dataset. The
recoded data is saved, but not the steps
you took. | kept Notepad open while |
was using SPSS!

e SPSS also does not remember the criteria
used in building the decision tree.
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Lessons Learned

* In my first attempts at this, | aggregated
the data too early.

* For example, calculating MAPE at the
source type, destination type, material
group level rather than calculating MAPE
at the source, destination, item level and
then appending attributes such as source
type, destination type, and material
group.

* This left me with too few cases.
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Lessons Learned

e This is SPSS specific: | found it easier to
make broad ranges when recoding data,
and then using filters to fine tune the
inclusion/exclusion of records. For
example:

e RECODE MAPE (0 thru .5=1) (.5 thru
Highest=2) INTO MAPE_Binned.

 COMPUTE filter_S=(PalletsPlanned >= 50

and ((MAPE >= 0 and MAPE <=.2) or
MAPE > .8)).
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