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Q. how to file a restraining order
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We trust web servers with our secrets
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Q. why did my credit score drop
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Q. how doiknow if i have diabetes

Q. howdoiknow if i have adhd

Q. how doiknow if i have a concussion

Google Search I'm Feeling Lucky
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Unsecured Microsoft Bing Server Exposed Users'
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Last chance to stop Instagram training Meta's Al

with your data Yahoo!Tech, May 2025

Health Insurers Are Vacuuming Up Details About You

— And It Could Raise Your Rates NPR. July 2018
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Dream: \Web servers never see our secrets
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Since 2009: we have the algorithms to compute on encrypted data

why aren’t we using them?

RAD78, Gentry09, BV11]
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The cryptography we have: A
e.g., add and multiply on encrypted data

Enc(x) + Enc(y)= Enc (x +y)

Enc(x) X Enc(y)=Enc (x X y) Y

N—

“Fully homomorphic encryption”
[RAD78, Gen09, BV11]
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Applications
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operations

. A privacy-preserving software stack

Fast cryptography
» Design efficient encrypted operations
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Cryptographic - Private matrix multiplication

operations - Private information retrieval
- Homomorphic encryption




My research: A privacy-preserving software stack

Applications

Algorithms on encrypted data
Libraries » Reorganize computation and data in a way that scales

Fast cryptography (EUROCRYPT'22, '25, '26, '26)
Cryptographic - Private matrix multiplication

operations - Private information retrieval
- Homomorphic encryption
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My research: A privacy-preserving software stack

Privacy-preserving systems
Applications » Protect high-impact applications

Algorithms on encrypted data (USENIX Sec’23, '25)
Libraries - Private nearest-neighbor search
- Private matrix factorization

Fast cryptography (EUROCRYPT'22, '25, '26, '26)
Cryptographic - Private matrix multiplication

operations - Private information retrieval
- Homomorphic encryption
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My research: A privacy-preserving software stack

Privacy-preserving systems (SOSP’23, USENIX Sec’26) BSVEIGEE
App”ca’[igns - Private web search M|
- Private recommendations

Distributed computing

Algorithms on encrypted data (USENIX Sec’23, '25) Security
L ibraries - Private nearest-neighbor search Data mining
- Private matrix factorization Differential privacy

Fast cryptography (EUROCRYPT'22, 25, '26, '26) H@igY/e)tele[¢-10]a)%
Cryptographic - Private matrix multiplication Complexity

operations - Private information retrieval Coding theory
- Homomorphic encryption

Data structures
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This Talk: The design of a private search engine

Applications

Libraries

Cryptographic

operations

Privacy-preserving systems (SOSP’23, USENIX Sec’26)

- Private web search

Algorithms on encrypted data (USENIX Sec’23, '25)
- Private nearest-neighbor search In your iPhone: -

Fast cryptography (EU

- Private matrix multiplication
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“Enhanced visual search”

INn the photos app [ABGM+24]

P22, 25, '26, '20)
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1. Problem statement — 2. Prior work — 3. Tiptoe design — 4. SimplePIR core — 5. Evaluation


http://webmd.com/

Privacy definition: Search without revealing query

“MRI cost?”

% Private
search
“Pizza engine

1. Problem statement — 2. Prior work — 3. Tiptoe design — 4. SimplePIR core — 5. Evaluation
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ng query

Search without reveal

INITION

Privacy def

“MRI cost?”
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Limitations, for now:

- won'’t hide when the client searches

- won't guarantee integrity

- won’t hide HT TP(S) requests after search
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Tiptoe: A private search engine

Henzinger, Dauterman, Corrigan-Giblbs, and Zeldovich

Privacy: Search engine learns no information about queries

Scale:  Searches over public web crawl (360M pages) in 2.7s of latency

Quality: Ranks the best search result in the top 10, on average

The first private search engine to work at this scale

1. Problem statement 38



Prior work In private search:

Relaxed privacy guarantees

Limited scale

2. Prior work
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Prior work In private search:

Relaxed privacy guarantees

- Anonymize gueries

Limited scale

2. Prior work
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Prior work In private search:

Relaxed privacy guarantees

- Anonymize gueries

- QObfuscate queries

- Trust hardware (SGX)

Limited scale

2. Prior work

Burrito
MRI cost?

Pi1zza near me

MRI cost?
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Prior work In private search:

Relaxed privacy guarantees

- Anonymize gueries
[DMS04, MC09, YWP09, BTD12, GSSCL14, ADE15]

- QObfuscate queries
IMCO09, ND0O9, YWPC09, RF10, ADE15, BTD12, PCMBK15]

- Trust hardware (SGX)
IMBPFFPS17, PGMBBFKPS18, L7ZTXAC21]

Limited scale
- Coeus (SOSP’21) hides queries to Wikipedia

1. Problem statement — 2. Prior work — 3. Tiptoe design — 4. SimplePIR core — 5. Evaluation

Burrito
MRI cost?
Pizza near me

MRI cost?
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Prior work In private search:
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Challenge: Build search from encrypted ADD and MUL

Coeus . count appearances of query words in each doc™ (TF-IDF search)

2. Prior work
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Challenge: Build search from encrypted ADD and MUL

Coeus . count appearances of query words in each doc™ (TF-IDF search)
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Challenge: Build search from encrypted ADD and MUL

Coeus . count appearances of query words in each doc™ (TF-IDF search)
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Challenge: Build search from encrypted ADD and MUL

Coeus . count appearances of query words in each doc™ (TF-IDF search)
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> 1 encrypted operation for every word in every doc

- computation:
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Tiptoe: Design in layers

Private document ranking

Application
“Tiptoe”
Private nearest-neighbor search
Libraries
| Private matrix multiplication
Cryptographic “SimplePIR”

operations

3. Tiptoe design 55
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Tiptoe: Design in layers

Private document ranking

Application ldea: exploit new data representations
with semantic embeddings
“Tiptoe”
Private nearest-neighbor search
Libraries
| Private matrix multiplication
Cryptographic “SimplePIR”

operations
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New approach: Private search via semantic embeddings

- Used widely in non-private search (Google, Spotify, YouTulbe)

- Embeddings map inputs into R4 such that “similar” inputs are “close”
- This talk: inner-product distance for “closeness” and d ~ 192

ocuments
O ® ®
O 91
: O
Queries . .3‘
“MRI cost?” ®
O
O O
O
® 9
O
O

1. Problem statement — 2. Prior work — 3. Tiptoe design — 4. SimplePIR core — 5. Evaluation
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New approach: Private search via semantic embeddings

- Used widely in non-private search (Google, Spotify, YouTulbe)

- Embeddings map inputs into R4 such that “similar” inputs are “close”
- This talk: inner-product distance for “closeness” and d ~ 192

ocuments
° . (q, €,) is smal w’
° B
O el .
| O
Queries ) .:4
uMRI Cost?u .
o ? (q,e;)is large ’
® o9
O
O
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Goal: Private search via semantic embeddings

Q l [ »
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Goal: Private search via semantic embeddings

/\
“MRI cost?” .
CM_. q —

X (270 MB) \/
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Goal: Private search via semantic embeddings

“MRI cost?”

C’w" | N Aot Ly
(270 MB)

b Updated goal: private nearest-neighbor search
.e., privately find the server-held vector with max inner-product {(, e)
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Why embeddings are useful

AS In non-private search,

+ EXpressive: can perform semantic search

+ General: exist for text, code, images, ...

In private search, a key benefit to scalability:

+ Embeddings “linearize” the computation:
poroduce crypto-friendly operations, without large doc representations
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Tiptoe: Design in layers

Private document ranking

Application
“Tiptoe”
Private nearest-neighbor search
Libraries
| Private matrix multiplication
Cryptographic “SimplePIR”

operations
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Tiptoe: Design in layers

Private document ranking

Application
“Tiptoe”
Private nearest-neighbor search
Libraries dea: expose structure in the computation
with clustering
| Private matrix multiplication
Cryptographic “SimplePIR”

operations
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Goal: Private nearest-neighbor search

“MRI cost?”

O <: »

R

QI [1]] »
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Goal: Private nearest-neighbor search
Plan:  Structure the user’s search with clustering

“MRI cost?”

O C »

R

KI [ 1]/ »
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Goal: Private nearest-neighbor search
Plan:  Structure the user’s search with clustering

MRL cost”” centroids +
o ( i ove

R

QI [ 1]/ »
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Goal: Private nearest-neighbor search
Plan:  Structure the user’s search with clustering

“MRI cost?” f/iif\\ﬁ
@ C»wv q \E
X Cluster ++ \/
centroids 4:“1’

1. Problem statement — 2. Prior work — 3. Tiptoe design — 4. SimplePIR core — 5. Evaluation 20



Goal: Private nearest-neighbor search
Plan:  Structure the user’s search with clustering

“MRI cost?”

O ( »
X Cluster
centroids

- Updated goal: exact search over Cluster 2
.e., privately fetch inner-product scores {(, e) for docs in Cluster 2
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Goal: Private nearest-neighbor search
Plan:  Structure the user’s search with clustering

“MRI cost?”

O C »

X BSest match:

Cluster 2 , doc = 7?

QI [ 1]/ »
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Goal: Private nearest-neighbor search
Plan:  Structure the user’s search with clustering

S VR e C
el \S el &e'(‘
AWTANE ANST AN

/\ MM MWLl

“MRI cost?” Tele -

o wa-v q €1(1€22]€23]| -+ €
_—

;: \/ el Il ]I Y

Best ma'tCh:
Cluster 2, doc = 7 e 1 |esles |- e

Each entry Is an embedding vector,
Cluster sizes roughly balanced
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Goal: Private nearest-neighbor search

Plan:

“MRI cost?”

o va q

X BSest match:

Cluster 2 , doc = 7

Enc

Structure the user’s search with clustering

S

e

S

3. Tiptoe design
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Goal: Private nearest-neighbor search

Plan:

“MRI cost?”

o va q

X BSest match:

Cluster 2 , doc = 7

Enc

Structure the user’s search with clustering

S
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Goal: Private nearest-neighbor search

Plan:

“MRI cost?”

o va q

X BSest match:

Cluster 2 , doc = 7

Enc

Enc

Structure the user’s search with clustering

S

e

S

(q. e1,2>l
(q. ez,z)
(q, €5,)

(q, ek,2>
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Goal: Private nearest-neighbor search

Plan:

“MRI cost?”

C.w_, ;

X BSest match:

Cluster 2, doc =3

Enc

Enc

S

e

S

(2

Structure the user’s search with clustering

1: doc 1 score
= doc 2 score

| = doc 3 score

J = doc k score

3. Tiptoe design

-
S

A LT D C
¢ el S el
xe' X© xC X
S S S S
AVZ AT AN AV
€111€12]€13 €ic
€r11€22| €23 € c
€31]€32] €33 e; | X Enc
€1 | €2 |Cr3 Cr.c

S

L

S

’r’



Goal: Private nearest-neighbor search
Plan:  Structure the user’s search with clustering

v LT 0D C
c\\f’&c?{(\)gigéef c,\\)g&(
ML cost” /\ C11€2(¢€3 €1.c
@ ( v € 1 |€n|€s| - €
X ;/ 31 %32) €3] e e X ENC
Sest match:
Cluster 2, doc = 3 e | enles | - |ec

On every query,
- communication: O(y/ Nd ) with N docs, dim-d embeddings, and \/ N/d clusters
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Goal: Private nearest-neighbor search
Plan:  Structure the user’s search with clustering

A LT D C
4 6(‘ e’(‘ e(‘
6\05’9306’2\09’.@“ c,\\)?;c
“MRI cost?” P -
o ( i o ..
~ Public web crawl: « Enc
/\ et

BSest match:
Cluster 2, doc =3

{astr?

HOW

On every query,
- communication: O(y/ Nd ) with N docs, dim-d embeddings, and \/ N/d clusters
- computation:  one large private matrix multiplication

3. Tiptoe design
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Tiptoe: Design in layers

Private document ranking

Application
“Tiptoe”
Private nearest-neighbor search
Libraries
| Private matrix multiplication
Cryptographic “SimplePIR”

operations
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Tiptoe: Design in layers

Private document ranking

Application
“Tiptoe”
Private nearest-neighbor search
Libraries
Crvnt " Private matrix multiplication
YRLOgraphic [dea: enable aggressive preprocessing “SimplePIR”

operations
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SimplePIR: Fast private matrix multiplication

Henzinger, Hong, Corrigan-Gibbs, Melklejohn, and Vaikuntanathan
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SimplePIR: Fast private matrix multiplication

Henzinger, Hong, Corrigan-Gibbs, Melklejohn, and Vaikuntanathan

® Encl|v P

X M
Enc|Mv ‘\/

+ New encryption that supports preprocessing any matrix M for fast multiplication

<+ Per-query server work

No privacy: n? 16-bit adds and muls

Our scheme: 12 64-bit adds and muls
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SimplePIR: Fast private matrix multiplication

Henzinger, Hong, Corrigan-Gibbs, Melklejohn, and Vaikuntanathan

® Encl|v P

X M
Enc|Myv \/

+ New encryption that supports preprocessing any matrix M for fast multiplication

<+ Per-query server work

NoO privacy: n? 16-bit adds and muls — throughput: 12 GB / core-s
Our scheme: n? 64-bit adds and muls —  throughput: 10 GB / core-s

4. SImplePIR core



Background: Encryption hides data in a hard problem with a secret key

Secret
key

INnput

ENnc
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Background: Encryption hides data in a hard problem with a secret key

Secret  Input
key

A

ENnc
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Background: Encryption hides data in a hard problem with a secret key

Hard problem: “Learning with errors” |

Secret  Input
key

A

dim. V ®

LER

Req’09]

Random matrix
such that Cs ~ v

\/

1. Problem statement — 2. Prior work — 3. Tiptoe design — 4. SimplePIR core — 5. Evaluation
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Background: Encryption hides data in a hard problem with a secret key

Random matrix
such that Cs ~ v

Secret  Input
key

M

"
Prohibitively expensive 1o
solve for v, if A > 2048
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Background: Encryption hides data in a hard problem with a secret key
Hard problem: “Learning with errors” [Reg’09]

Secret  Input
key

Random matrix
such that Cs ~ v

A

dim. V ®

LER

M

\/

Prohibitively expensive 1o
solve for v, if A > 2048
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Background: Encryption hides data in a hard problem with a secret key
Hard problem: “Learning with errors” [Reg’09]

Secret  Input
key

Random matrix
such that Cs ~ v

A

dim. V

zvs, X
J

Output Mv
(~ MCs)*

M

g
g

Prohibitively expensive 1o
solve for v, if A > 2048
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Result: Private matrix multiplication ... at high cost
For security: 4 > 2048

Secret  Input
key

A C

| @
dlm/l. S V
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v

Output Mv
(~ MCs)*

QI [1]] >
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Result: Private matrix multiplication ... at high cost

For security: 4 > 2048

Secret  Input
key

A

| @
dlm/l. S V

CHR

v

Output Mv
(~ MCs)*

A X more communication

than non-private

! /‘ /“ /

_—

-

A X more compute
than non-private

1. Problem statement — 2. Prior work — 3. Tiptoe design — 4. SimplePIR core — 5. Evaluation
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ldea: Expose useful structure for preprocessing

Fact: Still cryptographically secure if we
reuse all but one column of C [PV 08]

Secret  Input
key

y

A

dlm/l. S V

et X R
J =

Output Mv
(~ MCs)*
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ldea: Expose useful structure for preprocessing

\/

Output Mv
(~ MCs)*
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ldea: Expose useful structure for preprocessing

g
g

Output Mv
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ldea: Expose useful structure for preprocessing
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ldea: Expose useful structure for preprocessing
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ldea: Expose useful structure for preprocessing

C -
/ Result: No dependence
O(lf’loll\J/}é\g)Y on A in per-query Work
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ldea: Expose useful structure for preprocessing

dim

Result: No dependence
on A in per-query wWork

Output Mv
(~ MCs)*
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Extension: Repeat to shrink communication
Strategy: decrypt under encryption, inspired by fully-homomorphic schemes [Gen09, BV 11]

dim. V ®

_
ills X =
- / -

Output Mv
(~ MCs)*
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Extension: Repeat to shrink communication
Strategy: decrypt under encryption, inspired by fully-homomorphic schemes [Gen09, BV 11]

\ C Enc| S
dim. V ®

ills X : S
- / -

Output Mv
(~ MCs)*
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Extension: Repeat to shrink communication
Strategy: decrypt under encryption, inspired by fully-homomorphic schemes

C Enc| 'S
\%

ARV ’
‘/ Enc

Output Mv
(~ MCs)*
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Extension: Repeat to shrink communication
Strategy: decrypt under encryption, inspired by fully-homomorphic schemes

C Enc| 'S v 4
? _—
J |8
Enc |
Output Mv Result: No dependence
(~ MCs)* on A in leading term in

communication
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SimplePIR: The bottom line

With preprocessing, can multiply a matrix by encrypted vector at near-unencrypted speed

A

Enc

Enc|Myv
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SimplePIR: The bottom line

With preprocessing, can multiply a matrix by encrypted vector at near-unencrypted speed
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Protocol extensions
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Tiptoe: Design in layers

Private document ranking

Application
“Tiptoe”
Private nearest-neighbor search
Libraries
‘ | Private matrix multiplication

operations
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Tiptoe: The full system

Ranking service
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Tiptoe: The full system

Batch jobs:

1. Embed documents
2. Cluster embeddings
3. Preprocess crypto

Ranking service
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Tiptoe: The full system -

query
gw Enc (f(query) ) / Ranking service
N

—— R %E %E SRS

+++ doc9l: 27% S e NN N N EN=N=N
‘H‘f Fnc | doc92: 84% =| 5 %E %E - E%
doc93: 02% == == N EN=N=N
SENENENENENENS J J

@
X Enc ( doc=92)

Enc (webmd. com ) =l |F Batch jobs

€ y

I
il
I
I

github.com/ahenzinger/tiptoe
github.com/ahenzinger/simplepir
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Tiptoe Is cheaper than state-of-the-art private search
On English Common crawl with 364M pages

Coeus, scaled up Tiptoe Gain
Client storage - 0.3GIB
Server compute 928,800 core-s 145 core-s 0,400 X
(per query)
Lommunication 3.880 ViR 57 MiB 62 X
(per query)
Latency ] 57

(per query)
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Tiptoe Is cheaper than state-of-the-art private search

Coeus, scaled up Tiptoe Gain

Client storage SimplePIR: 10 X less computation

, TN
Server compute Semantic embeddings: 100 X smaller =— 6,400 X

than a bag-of-words representation

Communication

S,
J

Clustering: communication sublinear in N

Latency ] 57
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Tiptoe Is cheaper than state-of-the-art private search

Client storage

Server compute

Communication

Latency

Coeus, scaled up

923,800 core-s

3,880 MIB

Tiptoe
0.3GIB

145 core-s

57 MiB

2.1 S

5. Evaluation

(Gain

0,400 X

02 X
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Tiptoe ranks the best result in the top 10, on average
On MS MARCO document ranking data set

Sest possible

[KZ20]
Average rank
of true best,

N the top 100
(via MRR@100)

TF-IDF
(RS76]

O O N O O &~ W IO

—
@)

Non-private Private

Embedding model: msmarco-distilbert-base-tas-b
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Examples: Tiptoe’s text search

Q: how long before eagles get Q: the meaning of haploid cell
feathers

Britannica — Browse © - subscribe

Home Latest Photos haploid phase
All folders Scott Maez

=: Table of Contents

by Lyn Arnold hapl()id phase
biology
< Share
Eagle banding Ottawa Refuge LEARN ABOUT THIS TOPIC in these articles:

6-4-09 algae

In algae: Reproduction and life histories

...of chromosomes and is called haploid, whereas in the

= second stage each cell has two sets of chromosomes and is
called diploid. When one haploid gamete fuses with another haploid gamete
during fertilization, the resulting combination, with two sets of chromosomes, is
called a zygote. Either immediately or at some...

READ MORE
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Examples: Tiptoe’s text search

Q: Advice on writing a doctoral thesis
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Examples: Tiptoe’s text search

Q: Advice on writing a doctoral thesis

UF Department of
Mathematics

Home > Graduate Studies in Mathematics > Resources for Current Students > Math Grad Guide

> Grad Guide — Acacemics » Grad Guide - Academics = Writing

Grad Guide — Academics -
Writing

Master’s students present their research in a Master’s Thesis and
doctoral students write their results up in a dissertation.

Writing your thesis/dissertation: overview

The thesis/dissertation is the final product of your graduate school
career. Writing it could be a very time-consuming and difficult thing you

1. Problem statement — 2. Prior work — 3. Tiptoe design — 4. SimplePIR core — 5. Evaluation 119



Examples: Tiptoe’s text search

Q: Advice on writing a doctoral thesis Q: Advice on writing a
doctoral thesis 1n

I Department of Computer Science

Mathematics

Home > Graduate Studies in Mathematics > Resources for Current Students > Math Grad Guide

> Grad Guide — Acacemics » Grad Guide - Academics = Writing

Grad Guide — Academics -
Writing

Master’s students present their research in a Master’s Thesis and
doctoral students write their results up in a dissertation.

Writing your thesis/dissertation: overview

The thesis/dissertation is the final product of your graduate school
career. Writing it could be a very time-consuming and difficult thing you
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Examples: Tiptoe’s text search

Q: Advice on writing a doctoral thesis Q: Advice on writing a
doctoral thesis 1n

I Department of Computer Science

Mathematics

Home > Graduate Studies in Mathematics > Resources for Current Students > Math Grad Guide

A: buydissertations.com/
computer-science.html

> Grad Guide — Acacemics > Grad Guide = Academics = Writing

Grad Guide — Academics —
Writing

Master’s students present their research in a Master’s Thesis and
doctoral students write their results up in a dissertation.

Writing your thesis/dissertation: overview

The thesis/dissertation is the final product of your graduate school
career. Writing it could be a very time-consuming and difficult thing you
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Apple adopted Tiptoe’s private nearest-neighlbor search in
IOS 18 and macOS “Enhanced Visual Search”

Goal: label landmarks in photos without revealing the photos to Apple servers

-04 | 03 | -03|-05 +Qp7QSZhAtYN7PKWA Oﬂ'.
| ‘ % Eval Function

a r

Global POl Database

Homomorphic
Encryption

Eiffel Tower ,
Paris : +TolQn2JLGWOzdIrnA

France

machinelearning.apple.com/research/wally-search

machinelearning.apple.com/research/homomorphic-encryption .



My research: A privacy-preserving software stack

Privacy-preserving systems (SOSP’23, USENIX Sec’26)
Applications - Private web search

Algorithms on encrypted data (USENIX Sec’23, '25)
Libraries - Private nearest-neighbor search

Fast cryptography (EUROCRYPT'22, '25, '26, '26)
Cryptographic - Private matrix multiplication

operations
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My research: A privacy-preserving software stack

Privacy-preserving systems (SOSP’23, USENIX Sec’26)

Applications

- Private recommendations — Train lightweight recommender
Models on private data

Algorithms on encrypted data (USENIX Sec’23, '25)

Libraries
- Private matrix factorization

Cryptographic
operations
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My research

Applications

Libraries

Cryptographic
operations

. A privacy-preserving software stack

Fast cryptography (EUROC

- Homomorphic encryption

QY

P22, 25, '26, '20)

New ways to add and
multiply on encrypted data
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My research

Applications

Libraries

Cryptographic
operations

. A privacy-preserving software stack

Fast cryptography (EU

ROC

QY

PT'22, °25, 26,

- Private information retrieval — “Doubly-e

20)

ficient” schemes

via new tir

ne-space tradeoffs
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My research: A privacy-preserving software stack

Privacy-preserving systems (SOSP’23, USENIX Sec’26)
App\ica’[igns - Private web search
- Private recommendations

Algorithms on encrypted data (USENIX Sec’23, '25)
Libraries - Private nearest-neighbor search
- Private matrix factorization

Fast cryptography (EUROCRYPT'22, '25, '26, '26)
Cryptographic - Private matrix multiplication

operations - Private information retrieval
- Homomorphic encryption
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Outsourcing computation has always required revealing our data

Google

-+ $ @ & AlMode
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Outsourcing computation has always required revealing our data

Google

+ how do i know if| X  C¢ AlMode

O. how do i know if i have diabetes

Q. how doiknow if i have adhd

Q. howdoiknow if i have a concussion

Google Search I'm Feeling Lucky
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Outsourcing computation has always required revealing our data

9 M=l B3

Vfie Edl Yoevw Go Favostes tle@

Jadsesal ‘ ~ 1 ER
e = @ [ & Q6-& X B

Welcome to Microsoft's World Wide Web
Server!

Where do you want to go today?

If your browser doesn't support images, we have a text menu as well
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Outsourcing computation has always required revealing our data
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How do | know
if | have diabetes?
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Computer science can give us more: functionality and privacy

“How do I know 1f
I have diabetes?”
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“Pi1zza near me”

Private
search
engine
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Conclusion

loday, computer systems see our secrets. 1hey don't have to.

We can bulld privacy-protecting systems by re-thinking the stack:
- new system architectures
- new algorithms on encrypted data
- New cryptography

Privacy at scale Is In reach, It we design It right.
Thank you!
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PDOS past & present

) \/ﬂ‘r ‘~ “\{1
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PDOS: The security sub-group
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Celebration to follow!

Cake and snacks on 9th floor of the G-tower,
after the private portion of the defense.




