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What do we do?
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3Polysilicon: Foundation of 
Our High-Tech Future

The solar 
supply chain

The electronics 
supply chain

30% 
Market Share

5% 
Market Share



1,350
workers on site

Chemical & Mechanical
Process

Manual & Automated
Equipment

Earth’s purest manmade 
material

99.999999999%



Covert Entry College  Work S tudy NHMFL Chem  Eng. B.S . Chem  Eng. Ph .D. HSC

WHO AM I? A tim eline  te lls  a  s to ry

Covert Entry

More  com pute r lab  tim e
Sea rching  for prim e  num bers

HTML with  GeoCitie s
VBA

College  Work S tudy

Psych dept Da ta  Entry
Reading  tu tor
Ass is tan t TA

Nationa l High  
Magne tic Fie ld  Lab

Access
SQL

Firs t GUI

Chem  Eng. B.S .

MATLAB
FORTRAN

Chem  Eng. Ph .D.

Python
Fourie r transform s

Digita l twins
Digita l twin  program  TA & Adm in

HSC

R
CSS

J avaScrip t
Cyphe r

PCA
Pseudo sensors
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WHO AM I?

MeCovert 
En try

Inquis -
itive

R

Cypher

Germ an

Chaotic 
Attracto rs

FFT

Languages
Math

MTB

Skiing

Sports

Cove rt Entry College  Work S tudy NHMFL Chem  Eng. B.S . Chem  Eng. Ph .D. HSC

A graph  presen ts  connections
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PROBLEM OF TIMELY BACKFILLS
Expans ion
• Preference  to  p rom ote  in to  the  new ro les
• 170 new jobs
• 12% headcount increase
• $375 m illion  inves tm ent

Chicken  & the  Egg
• New ro le  pos ted
• 1-2 m onth  app lica tion  & in te rview 

process
• In te rna l h ire  se lected
• 4 to  12 weeks  o f tra in ing  to  s ta rt the  

new ro le
• Pos ting  fo r rep lacem ent AFTER 

tra in ing  com ple ted
• Repeat p rocess  4+ tim es  to  reach  en try 

leve l pos itions

*All tim elines  and  job  titles  a re  hypothe tica l

Hem lock Sem iconducto r Breaks  Ground  On  Next-generation  Fin ish ing  Facility. October 21, 2022
h ttps ://www.hscpo ly.com /hem lock-sem iconducto r-b reaks-g round-on-nextgeneration-finishing-facility/
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PROBLEM OF TIMELY 
BACKFILLS
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Role Pos ted

Application  
& Interview

Internal 
Hire  

Selected

Train ing

• Up to  20-m onth  process  to  
com ple te  the  backfill cha in

• Plus : Replacem ent of norm al 
tu rnover of exis ting  ro les

• Orders  a lready rece ived  based  
on  expans ion  capacity

• New ro les  & headcounts  
proposed

• Project the  resu lting  backfill 
m ovem ents

• Approve  the  new ro le , backfill, 
and  turnover pos tings  a ll a t 
once

• Project tra in ing  tim ings  & 
adjus t to  fit tra ine r 
ava ilab ility/capacity

Problem Solut ion



Stand-up Maths  YouTube

Matt Pa rke r “Can you find: five  five -le t t e r 
w ords  w ith  tw enty-five  unique  le t t e rs?”

Code  optim iza tion  with  
graphs

“Som eone  im proved m y code  by 
40,832,277,770%”

Othe r HSC HR Project

Mee t the  team  & lis ten  to  wha t is  sa id  outs ide  
tha t pro ject.

‘23 WiT GLDAS m ee ting  
Neo4j

Confe rence  bra ins torm ing with  expe rts

Predicting  h iring  backfills

Graphs
Ontology

Com m unica tion
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PATH TO INSPIRATION
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• Graph captures  m ore  
re la tions  than  a  linea r 
s tory

• Graph enables  
a lte rna tive  queries  & 
representa tions

• Travers ing  a  graph  has  
speed  advantages

Me

WiT 
GLDAS

Neo4j Cypher Language

Short-
es t 

Pa th

Python

HSC Em ployees Career 
Goals

Standup 
Maths

Video Graph 
Theory

S tand-up  Maths  YouTube

Matt Pa rke r “Can you find: five  five -le t t e r 
w ords  w ith  tw enty-five  unique  le t t e rs?”

Code  optim iza tion  with  
graphs

“Som eone  im proved m y code  by 
40,832,277,770%”

Othe r HSC HR Project

Mee t the  team  & lis ten  to  wha t is  sa id  outs ide  
tha t pro ject.

‘23 WiT GLDAS m ee ting  
Neo4j

Confe rence  bra ins torm ing with  expe rts

Predicting  h iring  backfills

Graphs
Ontology

Com m unica tion



DATA SCIENCE LITE
Math Dom ain Knowledge

Program m ing Data

Discovery Presenta tion

Data
Param ete rs
Dim ens ions
Big  + Reduction

Ana lys is
Mode l

Transfo rm
Sta tis tics

Trus t Eleva to r 
Exp lana tion

Visua lsSe lf Se rvice

11



Gallo , Am y. A Refresher on  Regress ion  Analys is . Novem ber 4th, 2015
h ttps ://hbr.o rg/2015/11/a-refresher-on -regress ion -analys is
Unnam ed . adum b. I Made a  Graph  o f Wikiped ia ... Th is  Is  What I Found . 
h ttp s ://www.youtube.com /watch?v=wjZofJ X0v4M

Sports

Racquet 
Sports

Racquetball

Ping Pong

Tennis

Bat 
Sports

Cricket

Baseball

DATA SCIENCE LITE

Data
Param ete rs
Dim ens ions
Big  + Reduction

Ana lys is
Mode l

Transfo rm
Sta tis tics

Trus t Eleva to r 
Exp lana tion

Visua lsSe lf Se rvice

Use  Da ta  to  Find  and  Eva lua te  pa ram ete r 
Re la t ionsh ips
• Find/Mode l

• Regress ion
• Class ifica tion
• Clus tering

• Evalua te
• Characteris tics  (s ta tis tics )

• Probability/Confidence/Pred ictive  descrip tors
• Visualize

• Solve  Prob lem  / Reso lve  Hypothes is
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DATA SCIENCE LITE
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DATA SCIENCE LITE

Use Data  to  Find  and  Eva lua te  pa ram ete r 
Re la t ionsh ips
• Find/Mode l

• Regress ion
• Class ifica tion
• Clus tering

• Evalua te
• Characteris tics  (s ta tis tics )

• Probability/Confidence/Pred ictive  descrip tors
• Visualize

• Solve  Prob lem  / Reso lve  Hypothes is

Unnam ed . adum b. I Made a  Graph  o f Wikiped ia ... Th is  Is  What I Found . 
h ttp s ://www.youtube.com /watch?v=wjZofJ X0v4M
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DATA SCIENCE For This  Ta lk

Data HR Sys tem

Analys
is

Adjacency
Degree

Trus t Writab le  m ath

Visua l
s

Graphs
Tables

Use  Da ta  to  Find  and  Eva lua te  pa ram ete r 
Re la t ionsh ips
• Find/Mode l

• Regress ion
• Class ifica tion
• Clus tering

• Evalua te
• Characteris t ics  (s ta tis tics )

• Probability/Confidence/Pred ictive  descrip tors
• Visualize

• Solve  Prob lem  / Reso lve  Hypothes is
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Structured  pa irwise  re la tions  
be tween objects Orig in : Seven  Bridges  o f Königsberg

School: Socia l Networks
Today: Algebra ic Graph  Theory 
Applica tion
 adds  firs t p rincipa l boundaries

Objects  = Nodes  = Noun

Rela tions  = Edges  = Verb

Nodes  and Edges  can have  a ttributes  (a .k.a . properties )

Directed or Undirected

Ontology is  the  des igned representa tion of knowledge

J ohnson , Sam uel e t. a l. April,. (2011). In terp lay between  Network Topo logy and  Dynam ics  
in  Neural Sys tem s . 

GRAPH THEORY
17
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Structured  pa irwise  re la tions  
be tween objects

Objects  = Nodes  = Noun

Rela tions  = Edges  = Verb

Nodes  and Edges  can have  a ttributes  (a .k.a . properties )

Directed or Undirected

Ontology is  the  des igned representa tion of knowledge

What is  the  m os t 
subscribed  YouTube  
channel by today’s  
a ttendees?

GLDA&AS

Person

Channe l

YouTubeSub’s  to

Hos ted on

Attends

GRAPH THEORY
18



• ML layers  a re  m atrices
• Layers  a re  connected  by linea r 

a lgebra
• With  ca ree r pa ths  we  see  the  

guts  of AI/ML/NN

“The  p ile  ge ts  soaked  with  da ta  and  ge t m ushy over 
tim e , so  technica lly it’s  recurren t.”

Singh , Seem a. Cous ins  o f Artificia l In te lligence. 
h ttp s ://towardsdatascience.com /cous ins-o f-artificia l-in te lligence-dda4edc27b55

GUTS OF MACHINE LEARNING
19

Munroe, Randall. Mach ine Learn ing . 
h ttps ://xkcd.com /1838/



A PATH IS A GRAPH
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Operation 
Supervisor

Shift 
Supervisor

S /R Clerk

Outs ide  
Hire

Lead 
Opera tor

Team  
Leader

Technician

Com ple te  
Purchase

Add to  cart

Search  for 
item

Vis it 
webs ite

Leave  S ite

Careers Web Purchase



A GRAPH IS A MATRIX
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Operation 
Supervisor

Shift 
Supervisor

S /R Clerk

Outs ide  
Hire

Lead 
Opera tor

Team  
Leader

Technician

OS OS -> 
OH

SS -> 
OS SS SS -> 

TL
SS -> 

OH

LO -> 
OS LO LO -> 

S/ R
LO -> 

OH

S/ R -> 
SS S/ R S/ R -> 

OH

TL -> 
LO TL TL -> 

OH

Tech  -
> TL Tech Tech  -

> OH

OH -> 
S/ R

OH -> 
Tech OH



A MATRIX IS  DESCRIPTIVE
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Operation 
Supervisor

Shift 
Supervisor

S /R Clerk

Outs ide  
Hire

Lead 
Opera tor

Team  
Leader

Technician

OS OS -> 
OH

SS -> 
OS SS SS -> 

TL
SS -> 

OH

LO -> 
OS LO LO -> 

S/ R
LO -> 

OH

S/ R -> 
SS S/ R S/ R -> 

OH

TL -> 
LO TL TL -> 

OH

Tech  -
> TL Tech Tech  -

> OH

OH -> 
S/ R

OH -> 
Tech OH

Pos itions
Prom otions
Dem otions
Outs ide  Hires
Separa tions



A MATRIX IS  ALGEBRAIC
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OS OS -> 
OH

SS -> 
OS SS SS -> 

TL
SS -> 

OH

LO -> 
OS LO LO -> 

S/ R
LO -> 

OH

S/ R -> 
SS S/ R S/ R -> 

OH

TL -> 
LO TL TL -> 

OH

Tech  -
> TL Tech Tech  -

> OH

OH -> 
S/ R

OH -> 
Tech OH

×

OS Position
SS Position
LO Position
⁄S R  Position
TL Position

Tech Position
Outside Hire

=

#OS Needed
#SS Needed
#LO Needed

# ⁄S R  Needed
#TL Needed

#Tech Needed
Optional



MATRICES ARE STACKABLE
24

• Stack to  view over tim e
(Matrix → Tensor)

• Mechanica lly sam e  as : 
• Neutra l Network layers
• Genera tive  AI response  token  

progress ion

OS ⋯
⋮ ⋱ ⋮

⋯ OH
×

OS Position
⋮

Outside Hire
=

#OS Needed
⋮
0

OS ⋯
⋮ ⋱ ⋮

⋯ OH
×

OS Position
⋮

Outside Hire
=

#OS Needed
⋮
0

OS ⋯
⋮ ⋱ ⋮

⋯ OH
×

OS Position
⋮

Outside Hire
=

#OS Needed
⋮
0

OS ⋯
⋮ ⋱ ⋮

⋯ OH
×

OS Position
⋮

Outside Hire
=

#OS Needed
⋮
0

OS ⋯
⋮ ⋱ ⋮

⋯ OH
×

OS Position
⋮

Outside Hire
=

#OS Needed
⋮
0

∆𝑡𝑡

Hu, Liwei & Zhang , J un  & Xiang , Yu  & Wang , Wenyong . (2020). Neural Networks-Based  Aerodynam ic Data  Modeling : 
A Com prehens ive  Review. IEEE Access . PP. 1-1. 10.1109/ACCESS.2020.2993562. 



MATRIX’S ALGEBRAIC CONTENTS
25

OS ⋯
⋮ ⋱ ⋮

⋯ OH
=

ℎ1,1 ⋯ ℎ1,𝑛𝑛
⋮ ⋱ ⋮

ℎ𝑛𝑛,1 ⋯ ℎ𝑛𝑛,𝑛𝑛

ℎ𝑖𝑖,𝑗𝑗 = 𝑓𝑓𝑖𝑖,𝑗𝑗 � ℎ𝑘𝑘,𝑚𝑚
𝑛𝑛𝑘𝑘,𝑚𝑚

𝑛𝑛𝑖𝑖,𝑗𝑗
+ 𝑞𝑞𝑖𝑖,𝑗𝑗

where  ∑𝑗𝑗 𝑓𝑓𝑖𝑖,𝑗𝑗 = 1

# 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇 𝑂𝑂𝑂𝑂𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡𝑂𝑂𝑇𝑇 =
𝑃𝑃𝑇𝑇𝑂𝑂𝑃𝑃𝑇𝑇𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑡𝑡𝑃𝑃 𝐿𝐿𝑂𝑂 𝑓𝑓𝑇𝑇𝑂𝑂𝑓𝑓 𝑇𝑇𝐿𝐿 
� # 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝐿𝐿
� 𝑊𝑊𝑇𝑇𝑃𝑃𝑊𝑊ℎ𝑡𝑡𝑃𝑃𝑛𝑛𝑊𝑊
+𝑆𝑆𝑇𝑇𝑂𝑂𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡𝑃𝑃𝑂𝑂𝑛𝑛𝑇𝑇

Lead  
Opera tor

Team  
Leader 

(ℎ𝑘𝑘,𝑚𝑚 ,𝑛𝑛𝑘𝑘,𝑚𝑚)
Leave  

Com pany (𝑞𝑞𝑖𝑖,𝑗𝑗)

S tay (ℎ𝑖𝑖,𝑗𝑗 ,𝑛𝑛𝑖𝑖,𝑗𝑗)



CONTENTS FROM GRAPH
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𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = count a ll edges  person  to  a  
pos ition  (degree  in)

𝑃𝑃𝑇𝑇𝑂𝑂𝑃𝑃. = da ta /weigh t o f source  pos ition
𝑊𝑊𝑇𝑇𝑃𝑃𝑊𝑊ℎ𝑡𝑡𝑃𝑃𝑛𝑛𝑊𝑊 = coun t edge  person  to  a  
pos ition  with  no  fu rther pos itions  
𝑆𝑆𝑇𝑇𝑂𝑂𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡𝑃𝑃𝑂𝑂𝑛𝑛𝑇𝑇 = coun t edges  from  a  
pos ition  to  externa l nodes  (degree  out) Person

Lead  
Opera tor

Team  
Leader 

(ℎ𝑘𝑘,𝑚𝑚 ,𝑛𝑛𝑘𝑘,𝑚𝑚)
Leave  

Com pany (𝑞𝑞𝑖𝑖,𝑗𝑗)

S tay (ℎ𝑖𝑖,𝑗𝑗 ,𝑛𝑛𝑖𝑖,𝑗𝑗)

# 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇 𝑂𝑂𝑂𝑂𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡𝑂𝑂𝑇𝑇 =
𝑃𝑃𝑇𝑇𝑂𝑂𝑃𝑃𝑇𝑇𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑡𝑡𝑃𝑃 𝐿𝐿𝑂𝑂 𝑓𝑓𝑇𝑇𝑂𝑂𝑓𝑓 𝑇𝑇𝐿𝐿 
� # 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝐿𝐿
� 𝑊𝑊𝑇𝑇𝑃𝑃𝑊𝑊ℎ𝑡𝑡𝑃𝑃𝑛𝑛𝑊𝑊
+𝑆𝑆𝑇𝑇𝑂𝑂𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡𝑃𝑃𝑂𝑂𝑛𝑛𝑇𝑇



CONTENTS FROM GRAPH
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Sanderson , Gran t. 3Blue1Brown. Bu t what is  a  GPT? Visual in tro  to  Transfo rm ers  | Deep  learn ing , chap ter 5. 
h ttp s ://www.youtube.com /watch?v=wjZofJ X0v4M

OS ⋯
⋮ ⋱ ⋮

⋯ OH
×

OS Position
⋮

Outside Hire
=

#OS Needed
⋮
0

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = count a ll edges  person  to  a  
pos ition  (degree  in)

𝑃𝑃𝑇𝑇𝑂𝑂𝑃𝑃. = da ta /weigh t o f source  pos ition
𝑊𝑊𝑇𝑇𝑃𝑃𝑊𝑊ℎ𝑡𝑡𝑃𝑃𝑛𝑛𝑊𝑊 = coun t edge  person  to  a  
pos ition  with  no  fu rther pos itions  
𝑆𝑆𝑇𝑇𝑂𝑂𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡𝑃𝑃𝑂𝑂𝑛𝑛𝑇𝑇 = coun t edges  from  a  
pos ition  to  externa l nodes  (degree  out)



ONTOLOGY

• Data  qua lity

• Entity lineage  & 
reproducib ility

• Mainta in  context

• Data  extraction
• Subgraphs
• Weights
• ML tasks

Soro tos , Henri E. Knowledge g raph  on to logy des ign . May 6, 2022
h ttps ://m edium .com /hacking-ta lent/knowledge-g raph-on tology-des ign -1fa5e062a369

Skills  & Recru itm ent Onto logy by the  
European  Da ta  Science  Academ y

28

Soro tos , Henri E. How we m anage skills  @ Beam ery - Part II. J anuary 27, 2022
h ttps ://m edium .com /hacking-ta lent/skills -beam ery-part-2-d isaggregating-a-skill-72fa4f4d1cfa



ONTOLOGY

• Directed  –  shows m ovem ent

• Multip le  indexed  edges  – each  
edge  indexed  to  a  pe rson  & tim e

• Density – is  eve ryth ing  
connected  to  everyth ing?

• Adjacency Matrix – we ighted  by 
the  a ttribu te  of inves tiga tion
• Absolu te  num ber
• Percen tage /Probab ility

Hire

Turnover

Person J ob 
Title

Org 
Lvl 2

Org 
Lvl 1

J ob 
Type

29



PROCESS FLOW
30

Subgraph  by Edge  Propertie s
• Edge effective  da te
• Sta tus  as  pas t, cu rren t, o r fu tu re  pos ition

J ob  His to ry

Org  
Hie ra rchy

Graph Subgraph  
Targe t Range

Matrix 
m ultip lica tion

Calcu la te  
Separa tions

Repea t pe r laye r
(Recurs ion , Atten tion , e tc.)

Convert to  
Cypher Input

Convert to  
Spotfire  Input

Crea te  HTML 
Input Shee t

Se lf Se rvice



Output  Facts
• How m any people  to  be  tra ined? 

# travers ing  a  pos ition
• What experience  will people  com e with? 

# travers ing  a  pa th  (edge)

User Adjus tab le  Weigh ts
• Expected  tu rnover by ro le
• Expected  backfill source
• Required  # o f people  by ro le

BACKFILL 
PROJ ECTION

31



ANALYTICS 
INTERROGATION
Neo4j

32

Path  from  ro le  A to  ro le  B
• What a re  the  qu ickes t ways  to  reach  

ro le  B?
Shortes t pa th  a lgorithm

• What is  the  m os t com m on ro le  on  
poss ib le  pa ths?
Be tweenness  cen tra lity a lgorithm

MATCH p = allShortes tPaths ((n :jobCode
{value:’Role  A'})-[*..8]->(m :jobCode
{value:’Role  B’}))
WHERE all(r in re la tionsh ips(p)
WHERE r.edge_key=‘…') RETURN p



SELF SERVICE 
INTERROGATION
BI TOOL (SPOTFIRE)
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Purp le : career advancem ent
• Motiva tion  to  s tick with  a  d ifficu lt s ta rt

Blue : m ore  like ly to  qu it
• Known d ifficu lt s ta rting  pos ition
• Iso la te  p rofess iona l re ten tion  d ifficu ltie s

Se lf Se rvice : Noun-Verb-Noun Query/Filte r



RECAP & UP NEXT
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Graphs  a re  
p resen t 

everywhere

Matrix 

 Graph

AI / ML / NN 
is  a  s tack of 

m a trix 
m ultip lica tion

Confe rence  
a re  sources  

o f insp ira tion

Even  
insp ira tion  is  

a  g raph

Goasduff, Laurence. Gartner Iden tifies  Top  10 Data  and  Analytics  Techno logy Trends  fo r 2021. March  16, 2021.
h ttps ://www.gartner.com /en/newsroom /press -re leases /2021-03-16-gartner-iden tifies -top -10-data-and-analytics -techno logies -trends-fo r-2021

“Gartner predicts  tha t by 
2025, graph  technologies  
will be  used  in  80% of da ta  
and  ana lytics  innova tions”

• In tegra te  tra in ing  p lan
• Project hours  of tra in ing  

required
• Crea te  a  tra ine r dem and forecas t
• Continue  to  optim ize  onto logy



Thank You

The information in this presentation is the property of Hemlock Semiconductor Operations LLC (the 
“Company”), provided under agreement to WiT Solutions Inc.  While the Company believes that information 
contained in this report is accurate and fully up to date, the Company does not guarantee or warranty the 
accuracy or completeness of information provided herein. The Company reserves the right to make 
improvements, corrections and/or changes to this report in the future. THE COMPANY DOES NOT MAKE ANY 
WARRANTY OR REPRESENTATION, EXPRESS OR IMPLIED, WITH RESPECT TO THE UTILITY OR 
COMPLETENESS OF THE INFORMATION PROVIDED TO YOU AND SPECIFICALLY DISCLAIMS THE 
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.
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