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Introduction
 Basic Principles  

● Superposition 

○ Quantum State → Linear combination 

of discrete states.

○ Amplitude of states adds to 1

● Measurement 

○ Collapses quantum state

○ Irreversible & Probabilistic

● Transformation 

○ Unitary gates

○ Deterministic & Reversible**



Introduction
 Basic Principles  

● Circuits basis of computation

● Use gates to manipulate qubits

● All gates must be reversible.



Introduction
Modern Quantum Computing

● We are in the Noisy Intermediate-Scale Quantum 

(NISQ) Computing Era

○ Heavily Space and Time constrained

■ Space → # of qubits

■ Time → more operations → more 

noise & decoherence

● Eventually we’ll be in Fault Tolerant (FT) Quantum 

Computing Era

○ Less Space and Time constrained

○ Research focused on getting to this stage of 

QC



Introduction
What is SQUARE?

Heuristic Greedy 
Allocation and 
Reclamation 
Algorithms

Compilation 
Framework For 

Resource 
Constrained QCs

Uses 
Uncomputation 
to reset Ancilla 

Qubits
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SQUARE Background
Reversible Arithmetic

● Reversibility
○ Use Ancilla Qubits for “scratch” work

● Modularity
○ Complex algorithms are not easily reversed
○ Solution?

■ Use modular subroutines w/ 
determined reversibility

● Applications
○ Classical parts of quantum algos

● Constraints
○ More complex circuits → more ancilla bits



SQUARE Background
Limitations & Constraints

● Must satisfy architectural constraints

○ Instruction Set Architecture (ISA)

○ Qubit Communication

● Must intelligently reclaim qubits

● Qubit Communication

○ NISQ vs FT QCs

● Resetting will affect entangled qubits

○ How do you reset then?

○ When should you reset them?



SQUARE Background
Reclamation Techniques

● Uncomputation
○ Reverse the logic until you get original input
○ Must be classically reversible gates
○ Potentially increases time complexity

● Measure & Reset
○ Collapse superposition then reset to zero
○ Decoupled Ancilla Bits only
○ Requires efficient reset

■ Most QCs just wait till decoherence 
occurs (order of ms)
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SQUARE Methodology
Qubit Reuse Strategies

● Eager Strategy
○ Reclaim after every function call
○ More ancilla available
○ Recursive Recomputation → exponential 

gate increase

● Lazy Strategy
○ Reclaim only at top of function
○ Avoids wasted recomputation
○ Qubit Reservation → less qubits to use



SQUARE Methodology
SQUARE Heuristics

● Locality Aware Allocation (LAA)
○ Prioritizes qubits by location
○ Balances communication, serialization, 

expansion  

● Active Quantum Volume (AQV)
○ A heuristic about how long the qubit stays 

alive
○ A set AQV actually improves performance

● Cost Effective Reclamation (CER)
○ Cost vs Benefit analysis
○ Compare C_1 & C_0



SQUARE Methodology
SQUARE Compilation Flow

● Input Scaffold Program 

● Replace Allocate and Free’s
○ Classical heuristic functions
○ Establishes ancilla heap

● Reclaim or Use new
○ Determined based on AQV, LAA, CER

● Output Classical Control Flow → dictates usage
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Implementation
Instrument Driven Compilation

● Modified version of Scaffold
○ Compute Store Uncompute Syntax Block
○ Very similar to C/Verilog

● Original Compilation Flow
○ Separately optimize for parameters & each 

level
○ Produces conflicting results & expensive to 

perform

● Instrumentation Driven Flow
○ Better fit for dynamic allocation 
○ Compilation time scalability



Implementation
Allocation and Reclamation Details

● Allocation Policy
○ Concerned w/ qubit interaction
○ For NISQ Locality → # of swaps
○ FT Locality is complicated

■ Logical qbits arranged in braids
○ Allocate only when able 

■ Marked as pending
■ Schedule nondependent, parallel 

computation & reclamation 

● Reclamation Policy
○ Qubit savings, communication overhead 

uncomputation gate #
■ NISQ

● Avg chain length per gate
■ FT

● Avg braid crosses per gate  
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Setup



Results & Experimental Setup
NISQ Results



Results & Experimental Setup
Intermediate Scale QC Results



Results & Experimental Setup
FT Results
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Thank you
Questions & Comments?


