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QUICK TIPS
(--THIS SECTION DOES NOT PRINT--)

This PowerPoint template requires basic PowerPoint 
(version 2007 or newer) skills. Below is a list of 
commonly asked questions specific to this template. 
If you are using an older version of PowerPoint some 
template features may not work properly.

Using the template

Verifying the quality of your graphics
Go to the VIEW menu and click on ZOOM to set your 
preferred magnification. This template is at 100% 
the size of the final poster. All text and graphics will 
be printed at 100% their size. To see what your 
poster will look like when printed, set the zoom to 
100% and evaluate the quality of all your graphics 
before you submit your poster for printing.

Using the placeholders
To add text to this template click inside a 
placeholder and type in or paste your text. To move 
a placeholder, click on it once (to select it), place 
your cursor on its frame and your cursor will change 
to this symbol:         Then, click once and drag it to 
its new location where you can resize it as needed. 
Additional placeholders can be found on the left 
side of this template.

Modifying the layout
This template has four
different column layouts. 
Right-click your mouse
on the background and 
click on “Layout” to see 
the layout options.
The columns in the provided layouts are fixed and 
cannot be moved but advanced users can modify any 
layout by going to VIEW and then SLIDE MASTER.

Importing text and graphics from external sources
TEXT: Paste or type your text into a pre-existing 
placeholder or drag in a new placeholder from the 
left side of the template. Move it anywhere as 
needed.
PHOTOS: Drag in a picture placeholder, size it first, 
click in it and insert a photo from the menu.
TABLES: You can copy and paste a table from an 
external document onto this poster template. To 
adjust  the way the text fits within the cells of a 
table that has been pasted, right-click on the table, 
click FORMAT SHAPE  then click on TEXT BOX and 
change the INTERNAL MARGIN values to 0.25

Modifying the color scheme
To change the color scheme of this template go to 
the “Design” menu and click on “Colors”. You can 
choose from the provide color combinations or you 
can create your own.

QUICK DESIGN GUIDE
(--THIS SECTION DOES NOT PRINT--)

This PowerPoint 2007 template produces a 36”x48” 
professional  poster. It will save you valuable time 
placing titles, subtitles, text, and graphics. 

Use it to create your presentation. Then send it to 
PosterPresentations.com for premium quality, same 
day affordable printing.

We provide a series of online tutorials that will 
guide you through the poster design process and 
answer your poster production questions. 

View our online tutorials at:
 http://bit.ly/Poster_creation_help 
(copy and paste the link into your web browser).

For assistance and to order your printed poster call 
PosterPresentations.com at 1.866.649.3004

Object Placeholders

Use the placeholders provided below to add new 
elements to your poster: Drag a placeholder onto 
the poster area, size it, and click it to edit.

Section Header placeholder
Move this preformatted section header placeholder 
to the poster area to add another section header. 
Use section headers to separate topics or concepts 
within your presentation. 

Text placeholder
Move this preformatted text placeholder to the 
poster to add a new body of text.

Picture placeholder
Move this graphic placeholder onto your poster, size 
it first, and then click it to add a picture to the 
poster.
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SETUP

APPLY CONJECTURE

• Quantum Noise & the Stabilizer Solution: Quantum information is sensitive to noise and 
decoherence, requiring robust error correction. Stabilizer codes encode logical qubits 
into larger physical systems using Pauli operators to detect and correct errors. 

• A code [[n,k,d]] encodes k logical qubits into n physical ones, correcting up 
to t=⌊(d−1)/2⌋ errors.

• Limitations of Standard Approaches: Traditional stabilizer codes face limitations/ 
mathematical conditions that restrict available code families and lead to inefficient 
resource usage for practical implementations.

• Entanglement-Assisted Codes (EAQEC): EAQEC codes [[n,k,d;c]] leverage c pre-shared 
Bell pairs (ebits) between sender and receiver to overcome limitations of standard 
stabilizer codes enabling:

• Flexibility in Code Construction: Construction from any classical code. 

• Implementation Feasibility: Support for higher-rate communication and more 
flexible architectures for near-term quantum hardware. 

• Resource Efficiency: Entanglement reduces physical qubit requirements without 
sacrificing protection.

• Resource Reduction using EAQEC Example → Reducing 5 Qubits to 3 with 2 Ebits: 
The canonical [[5,1,3]] stabilizer code (the smallest code that corrects arbitrary single-
qubit errors) can be transformed into a [[3,1,3;2]] entanglement-assisted code using 
only 3 physical qubits and 2 ebits.

Code Equivalence via Entanglement Assistance

This transformation (via row operations/Gaussian elimination on the stabilizer matrix)      
leverages entanglement to reduce physical qubits. The [[3,1,3;2]] code, despite fewer 
physical qubits (n) and additional shared ebits (c), maintains error correction capability 
(t=1) by effectively replacing two ancilla qubits with the two shared ebits.

INTRODUCTION

• The Entanglement Bottleneck
   While powerful, EAQEC introduces new challenges because:

o Generating high-quality entanglement requires specialized hardware.
o Maintaining entangled states is experimentally demanding.
o Current designs use fixed amounts of entanglement regardless of actual needs.
o Resource costs scale poorly for large quantum systems.

• Untapped Potential: Quantum Degeneracy
   Many quantum codes exhibit degeneracy, where different error patterns produce
   identical syndromes. This property, often overlooked, enables:

o Passive correction of certain error groups.
o Reduced entanglement requirements through smarter resource allocation.
o Simplified error correction circuits by eliminating redundant operations.

MOTIVATION

The conjecture shows that for a correctable set E with SE of size 2s, we can:

PROOF

Core Idea: This conjecture formalizes a relationship between correctable erasures in 
stabilizer codes and the resource efficiency of entanglement-assisted (EA) codes. It shows 
that stabilizers fully supported on a correctable set reduce the entanglement cost of the 
resulting EA code, providing a constructive method to optimize EA codes.

Key Definitions:
• Correctable Set (E): A set of qubits recoverable after erasure. 
• Stabilizer Subgroup (SE ): Subgroup of S where all stabilizers act only on E. If size    

∣SE ∣= 2s, it has s independent generators.
• Cleaning Lemma: Ensuring correctable sets can be transformed for EA codes.

CONJECTURE [[7,1,3]] STEANE CODE EXAMPLE
A pure [[7,1,3]] Steane code has distance 3 and corrects any 1-qubit error or 2-qubit 
erasure (i.e. detects 2 errors).

LIMITATIONS
Proof Completeness:
• Proof relies on heuristic Clifford operations (e.g., Steane code gates). A general 

algorithm for cleaning arbitrary stabilizers is needed.
• Challenge: Guaranteeing that e−s is always achievable for any correctable E.
Impure Code Caveats:
• Conjecture assumes well-defined SE, but impure codes (e.g., Shor code) may 

have partially supported stabilizers on E.
Optimality Gaps:
• Optimality of c=e−s is unclear; there may exist codes where fewer pairs suffice.

FUTURE WORK

Generalizing the Proof (Further formalization)
• Develop a tool/canonical form for stabilizers in SE to automate Clifford transformations.
Handling Edge Cases – Optimality Proof
• Extend conjecture to low-weight stabilizers, impure codes, etc.
• Prove c ≥ e − s for all codes, or identify further edge cases.
Experimental Validation
• Experimentally validate conjecture on small-scale quantum hardware (e.g., IBMQ) using:

• Metrics: Entanglement consumption vs. recovery fidelity.
• Codes: Steane, Shor, and surface codes, etc.

Optimizing Entanglement-Assisted Quantum 
Error Correcting Codes

Advisor: Andrew Nemec
Jaszmine DeFranco

Code
n 

(physical 
qubits)

k
(logical 
qubits)

d 
(distance)

c
(ebits)

t
Errors 

Corrected
Stabilizers Notes

[[5,1,3]] 5 1 3 0 ⌊(3-1)/2⌋=1 

S = { XZZXI,
         IXZZX,
         XIXZZ,
         ZXIXZ}

Standard QECC

[[3,1,3;2]] 3 1 3 2 ⌊(3-1)/2⌋=1

S = { XZZXI,
         ZZXIX,
         ZYYZI,
         YYZIZ}

EAQEC; 2 ebits 
allow for 2 

fewer qubits

ISOLATE
The s “redundant” 

stabilizers acting on E

CLEAN
Logical operators off E 
(via Cleaning Lemma)

REPURPOSE
Remaining e-s qubits 

into entanglement pairs

Critical Assumptions:
• Correctability of E: Ensures logical information protection & enables Cleaning Lemma.
• SE fully supported on E: Ensures correct identification of s “redundant” stabilizers. 

Entangled Pairs:
e − s = 2 (qubits 4,5 now Bell 
pairs 1

√2
 (∣00⟩+∣11⟩) w/ Bob).

Final EA Code: [[3,1,3;2]] 
(preserves distance d=3 w/ 2 Bell 
pairs).

VERIFY BY CONSTRUCTION
Goal: Transform stabilizers to isolate E into s=2 stabilizers acting locally on E & 

e-s=2 qubits mapped to Bell pairs via Clifford operations (CNOT/Hadamard gates):

SETUP

• Determine a valid correctable set E and identify subgroup SE.
• Apply Gaussian elimination on stabilizer generators to establish a basis for SE.
• Apply Cleaning Lemma: Ensure logical info is preserved during manipulation.

VERIFY BY CONSTRUCTION

• Find a unitary transformation using local Clifford gates (CNOT/Hadamard gates).
• Remove redundant qubits and repurpose remaining qubits
• Verify and compare predicted EA code to final EA code ([[n,k,d]] → [[n-e,k,d;e-s]]. 

Key Insight: Correctable erasure sets allow stabilizer support to be 
offloaded onto shared entanglement, reducing qubit overhead.

Implication: If a correctable set has stabilizers fully supported on it, the EA 
code requires fewer entangled pairs (e−s instead of e).
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