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Set of PowerPoint presentations and reference 
articles – Sept. 30, 2024 

• Soubra H.,  Quantum Software S2z2ng Workshop, IWSM-
MENSURA’24, Montreal, Canada September 30 - October 4, 2024. 

• IBM, What Is Quantum Volume, Anyway?, 2020, 
https://med2um.com/q2sk2t/what-2s-quantum-volume-anyway-
a4dT801c36f 

• Khattab, K., Elsayed, H., & Soubra, H. (2022). Funct2onal S2ze 
Measurement Of Quantum Computers Software. In IWSM-Mensura. 

• Lesterhu2s, COSMIC Measurement Manual for ISO 19761, 
Measurement of Quantum 

• Software C2rcu2t Strategy, a c2rcu2t-based Measurement Strategy, 
2024. 

• F. Valdes-Souto, H. G. Perez-Gonzalez, and C. A. Perez-Delgado, “Q-
COSMIC: Quantum 

• Software Metr2cs Based on COSMIC (ISO/IEC19761),” ArX2v Prepr. 
ArX2v240208505, 2024. 

• Quantum Students’ Club presentat2on by S2mon Roy and Samuel 
R2chard 

 
 

 

 

 

 

 

 

 

 

https://etsmtl365-my.sharepoint.com/:f:/g/personal/tuna_hacaloglu_etsmtl_ca/EnRS2NKAY-ZLspMeoaCxf30BwGwCxZCQACWfAowhEcSxUg?e=5Zg0nr
https://etsmtl365-my.sharepoint.com/:f:/g/personal/tuna_hacaloglu_etsmtl_ca/EnRS2NKAY-ZLspMeoaCxf30BwGwCxZCQACWfAowhEcSxUg?e=5Zg0nr
https://medium.com/qiskit/what-is-quantum-volume-anyway-a4dff801c36f
https://medium.com/qiskit/what-is-quantum-volume-anyway-a4dff801c36f
https://etsmtl365-my.sharepoint.com/:f:/g/personal/tuna_hacaloglu_etsmtl_ca/EnRS2NKAY-ZLspMeoaCxf30BwGwCxZCQACWfAowhEcSxUg?e=5Zg0nr
https://etsmtl365-my.sharepoint.com/:f:/g/personal/tuna_hacaloglu_etsmtl_ca/EnRS2NKAY-ZLspMeoaCxf30BwGwCxZCQACWfAowhEcSxUg?e=5Zg0nr
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1- Workshop Agenda 
QUANTUM SOFTWARE SIZING (WORKSHOP LEADER: Dr. Hassan Soubra) 

13:30-14:00 WHAT IS MEANT BY QUANTUM SOFTWARE SIZING TODAY? 

14:00-14:30 CONTRIBUTIONS TO DATE: COSMIC-BASED MEASUREMENT 
APPROACHES FOR QUANTUM (SOUBRA, VALDES, LESTERHUIS) 

14:30-15:00 QUANTUM STUDENTS’ CLUB: ACHIEVEMENTS AND CHALLENGES 

15:00-15:30 COFFEE BREAK  

15:30-16:00 DISCUSSION 1: UNRESOLVED ISSUES AND THE IDENTIFICATION 
OF ADDITIONAL QUANTUM SOFTWARE REQUIREMENTS AND 
REPOSITORIES 

16:00-17:30 HANDS ON EXERCISES: SIZING QUANTUM PROGRAMS, 
ALGORITHMS, AND REQUIREMENTS 

 

2- Workshop Summary 
Unl2ke class2cal software, Quantum software has a number of 
characteristics that set it apart from classical software, including for 
measurement purposes. Due to the 2ntertw2ned nature of hardware and 
software 2n quantum comput2ng, research is needed to advance the 
quantitative management of quantum software applications development 
and evolution. 

Th2s workshop on Quantum Software Measurement was led by Dr. Hasan 
Soubra and, throughout the workshop, contributors presented overviews of 
recent proposals on quantum software measurement approaches, 
including an exploratory compar2son between measurement methods for 
class2cal software and quantum software.  

Those workshop contributors provided valuable 2ns2ghts on appl2cable 
methods for measur2ng quantum software, including feedback on quantum 
use cases presented by the ETS Quantum Students Club. The event 
concluded w2th d2scuss2ons and exerc2ses. 

https://www.iwsm-mensura.org/wp-content/uploads/2024/09/workshop-30-sept.pdf
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The workshop presentat2ons sparked several quest2ons and potent2al 
research d2rect2ons. 

3- Participants 
Alain April, Jean-Marc Desharnais, Sylvie Trudel, Alain Abran, Konrad Nadobny, Hassan 
Soubra, Donatien Koulla Moulla, Daniel Dutil, Alexandra Lapointe-Boisvert, Lionel Perrot, 
Frank Vogelezang, Sion Israel Sion, Fouzia Amar, Ling Guo, Iannick Gagnon, Lilia 
Zaouache, Ernest Mnkandla, Tuna Hacaloglu, Thomas Maketa, Collin Hammond, Pierre 
Bourque, Francisco Valdés-Souto 

 

4-          Quantum Software Size Measurement 
Research Directions 

From previous work and discussions within the AI Taskforce, the taskforce is divided into 
three sub-research perspectives: 

• Quantum Software sizing using COSMIC with case studies 
• SLR on quantum measurement by focusing on Quantum volume and other 

metrics 
• Exploration of Measurement component in Quantum as NFR 

 

 

 

 

 

 

 

Figure 1 presents these three sub-research perspectives 

Quantum Software Size Measurement  

Quantum Software 
Sizing using COSMIC 

with case studies 

SLR on quantum 
measurement  

Exploration of 
Measurement 
component in 

Quantum as NFR 
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5- Major ImplDcatDons  

3.1. BasDc concepts of Quantum ComputDng 
Takdng as an example the Quantum cdrcudt  represented in Fdgure 2, key quantum-related 
concepts were dntroduced to the partdcdpants: 

 

Fdgure 2: A typdcal quantum cdrcudt1 

- A typdcal quantum cdrcudt ds made of qubdts which themselves consist of a set of  
quantum gates and measurements.   

- Quantum gates are quantum operatdons and they are equdvalent to functdonaldty. 
From a measurement perspectdve they can be consddered as functdonal 
processes. Any functdonaldty dmplemented ds based on gates (E.g. Hadamard 
gates, CNOT gates etc.) 

- Measurement dn a quantum cdrcudt ds necessary to handle and analyze the impacts 
of the probabilistic characteristics of the quantum physics nature of quantum 
computing. Measurement for a quantum circuit requires readdng the output value 
of a ldne dn a quantum cdrcudt and analyzing its ‘fidelity’ to provdde the output to be 
recorded.  

- Cdrcudt wddth descrdbes the number of qubdts (vertical axis) 
- Cdrcudt depth : Across the set of qubits in a circuit, where each may have a distinct 

number of gates (e.g. operation) the circuit depth corresponds to the longest path 
(e.g. sequence of gates) across all qubits (horizontal axis) –  
 

 
1 https://uwaterloo.ca/7nst7tute-for-quantum-comput7ng/news/quantum-advantage-shallow-c7rcu7ts  

https://uwaterloo.ca/institute-for-quantum-computing/news/quantum-advantage-shallow-circuits
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Note: in Figure 2, each qubit is represented with the exact same number of gates and 
measurements, while in practice each may vary in terms of number of gates). 

3.2. Interconnected Structure of Quantum 
Software and Quantum Hardware and Dts 
reflectDon of sDze measurement 

- Partdcdpants hdghldghted that programmdng for quantum computers ds stdll at an 
emergdng stage compared to classdcal computdng.  

- Key observatdons dncluded :  
Ø the absence of an operatdng system and the use of programmdng languages 

that operate at a level even lower than assembly language.  
Ø quantum programs are typdcally tadlored to specdfdc hardware 

confdguratdons, underscordng the specdaldzed and nascent nature of thds 
fdeld.	 

Ø In classdcal computdng, many complexdtdes are handled by the operatdng 
system, but dn quantum computdng, the absence of an operatdng system 
leaves these challenges to the programmer. 

- The fundamental ddjerence ldes dn the nature of the outcomes:  
Ø dn classdcal computdng, results are determdndstdc, whereas  
Ø dn AI and quantum computdng, they are probabdldstdc.  
Ø Whdle thds ddstdnctdon dnfluences how the results are dnterpreted and 

applded, dt does not dmpact the underlydng functdonaldty. 
- The concept of measurement dn quantum computdng ds expected to evolve 

sdgndfdcantly dn the future. As technology advances, current measurement 
functdonaldtdes wdll ldkely become abstracted :  

Ø Whdle measurements wdll remadn dntegral at the cdrcudt level, they are 
antdcdpated to be embedded wdthdn the operatdng system (OS) or managed 
at another archdtectural layer.  

Ø From a functdonal perspectdve, measurements wdll stdll occur dn the 
cdrcudts, but thedr vdsdbdldty and ddrect management wdll ddmdndsh. 

 
- Thds shdft underscores the dmportance of focusdng on the functdonal aspects of 

qubdts rather than system-level non-functdonal requdrements.  
Ø Aspects such as error rates and fddeldty are expected to be automated and 

handled by the OS or embedded ddrectly on the chdp.  
Ø These concerns wdll be addressed by specdaldsts workdng on system 

archdtecture, freedng quantum appldcatdon developers from needdng to 
manage these complexdtdes. 
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- The key takeaway ds that dnstead of deddcatdng ejorts to measurdng error rates or 

calculatdng fddeldty—tasks that wdll eventually become dnvdsdble wdthdn the 
archdtecture or OS—the focus should shdft to segregatdng the use of results from 
the functdonaldty.  

Ø Thds wdll enable developers to concentrate on leveragdng quantum systems 
for thedr dntended appldcatdons wdthout bedng burdened by lower-level 
dmplementatdon detadls. 

 
- It was emphasdzed that dn quantum computdng, the boundary between software 

and hardware ds currently blurred. Quantum algordthms/ programs need to be 
optdmdzed to run ejdcdently on specdfdc quantum hardware archdtectures : such 
ejiciency is analyzed by calculating quantum physics-related indicators such as: 
Quantum Volume, Qubdt Connectdvdty, Q-Score, Gate Fddeldty, Error Rates.  

Ø Thus, additional programming is currently required to calculate such 
quantum-physics related indicators.  

 
From a measurement perspectdve, it is proposed that quantum software sdzdng be 
segregated into two distinct perspectives: 

A. Sizing of the functional requirements to be implemented in a circuit composed of 
gate (e.g., operations): the ‘functional size of the software implementing these 
gates. 

B. Sizing of the requirements for the quantum-physics related measurement 
implemented by software. (Such software functional size is derived the quantum 
systems NFR related to the quantum physics and analysed, for example through 
Qubdt Connectdvdty, Q-Score, Gate Fddeldty, Error Rates. 

Ø The contrdbutdon of thds COSMIC Task Force can be dodng thds segregatdon. 
 
When a quantum cdrcudt (Fdgure 3) 
observed, dt can be constructed an 
analogy between the data flowdng dn the 
cdrcudt and a UML sequence ddagram dn 
whdch data flowdng from left to rdght.  
 
 

 

                Fdgure 3. An example of quantum cdrcudt along wdth a Qdskdt code2 

 
 

2 https://med7um.com/@har7n7.hapuarachch7/a-beg7nners-gu7de-to-q7sk7t-1-0-c8e3e854d732  

https://medium.com/@harini.hapuarachchi/a-beginners-guide-to-qiskit-1-0-c8e3e854d732
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The wddth and depth of the cdrcudt gdven dn Fdgure 3 can be computed as follows: 
• The wddth corresponds to the number of qubdts, hence dt ds 4. 
• The depth corresponds to the longest path to the gdven cdrcudt, hence dt ds 5.  
 

3.3. Quantum Software & Functional Size 
Measurement Methods 

Recently proposed methods for measuring the functional size of 
quantum software were 2ntroduced and were d2scussed.  

Three COSMIC Funct2onal S2ze Measurement based methods, each 
propos2ng measurement at d2Terent abstract2on levels (F2gure 4), were 
2ntroduced for quantum software measurement: 

- Khattab et al. (2022): Proposes measurements on Q2sk2t at the 
gate level. 

- Valdes-Souto et al. (2024): Focuses on quantum use cases. 
- Lesterhu2s (2024): Presents an approach for measur2ng 

quantum c2rcu2ts. 

 

F2gure 4: The 3 COSMIC  functional s2ze measurement approaches 
for Quantum Software 
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Current interpretation of the COSMIC Data Group (DG) concepts in 
these 3 studies:  

• The data group concept ment2oned 2n Valdes-Souto et al. (2024) 
as follows: “A Data Group (DG) 2s des2gnated as a Quantum Data 
Group (QDG) 2f and only 2f at least one of 2ts components—such 
as an attr2bute—stores quantum 2nformat2on.” 

• Lesterhu2s (2024) def2nes a data group (DG) as “In quantum 
comput2ng an SDK (software development k2t) conveys a s2gnal 
(tr2gger2ng event) to 2ts quantum program funct2on (funct2onal 
user). The latter 2n2t2ates the data group that 2s moved by the 
tr2gger2ng Entry of the funct2onal process concerned. The SDK’s 
quantum software execut2on funct2on performs the execut2on. 
Object of 2nterest of the data group 2s the act2on (operator) to be 
performed.” 

• Khattab et al. (2022) def2nes DG as “Accurate 2dent2cat2on of 
data group movements 2n any funct2onal process beg2ns w2th 
correct 2dent2f2cat2on of data groups. A s2ngle data group 2s sent 
over a s2ngle l2ne, wh2ch 2s assumed a pr2or2.” 

When these three def2n2t2ons are carefully exam2ned, 2t can be sa2d 
that the concept of Data Group (DG) has not yet been clearly def2ned 
2n th2s context and 2t can be 2nferred from the ava2lable 2nformat2on 
that there 2s not yet a suT2c2ent knowledge regard2ng data group 2n 
Quantum Software S2ze Measurement. 

• Data group 2n quantum, 2s not one attr2bute, 2nstead, 2t has 
‘d2mens2ons’. 

•  Data group appears to be matr2ces hav2ng at least two 
d2mens2ons: 2t 2s a set of vectors that need to be handled 
concurrently. 
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3.4. Issues raised regardDng the concept of 
Quantum Volume (QV) 

Quantum Volume (QV) is largely referred to in the quantum computing 
literature, but it has been def2ned or ut2l2zed d2Terently 2n the 
academ2c and gray l2terature – see Figure 5.  

 

 

 

 

 

 
F2gure 5: Var2ous def2nt2ons of Quantum Volume 

One of the contr2but2on of the workshop 2s the recognition of the 
variety of authors’ def2n2t2ons and interpretations related Quantum 
Volume concept in the academic and gray literature.  
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The IBM team (2020) developed the Quantum Volume number while 
investigating the d2Terence between the trans2stor count of class2cal 
computers and the qub2t count of quantum computers. Accord2ng to 
IBM (2020) “The Quantum Volume protocol tests how well a quantum 
computer can run a c6rcu6t cons2st2ng of random two-qub2t gates 
act2ng 2n parallel on a subset of the dev2ce’s qub2ts. These c2rcu2ts have 
a w2dth, mean2ng how many qub2ts are 2nvolved, and a depth, mean2ng 
the number of d2screte t2me steps dur2ng wh2ch the c2rcu2t can run 
gates before the qub2ts decohere.” 

They expla2n how to calculate Quantum Volume concept as follows: 
“Let’s say that you have a 27-qub2t quantum computer.  

- You set up a random two-qub2t c2rcu2t of depth two, run 2t lots of 
t2mes, and the test succeeds — 2t outputs heavy str2ngs3 w2th 
greater than two-th2rds probab2l2ty and w2th a conf2dence 
2nterval greater than 97.725%.  

- You repeat w2th :  
§ three qub2ts at depth three,  
§ four qub2ts at depth four,  
§ f2ve qub2ts at depth f2ve, and  
§ s2x qub2ts at depth s2x, and  

- the test st2ll works.  

If you move up to seven qub2ts w2th a c2rcu2t of depth seven and the 
test fa2ls, then the Quantum Volume 2s 2⁶, or 64.” 

From this IBM example and calculation Quantum Volume :  

• Is a s2ngle number (therefore, this is a ‘base number’) and there is no 
definition of what the ‘entity’ is being sized 

o Quantum volume is defined as 2d, then d is the maximum 
number of usable qubit, but they don’t consider the size of each 
qubit. 

o In the formula (which is 2d) where 2 is not an entity by itself. It is 
not clear why the number 2 is utilized. 

 
3 Heavy str7ng : note prec7sely def7ned 7n IBM document 
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o The formula itself is one dimensional, but it is (incorrectly?) 
interpreted as multidimensional. 

• A measurement unit has not been assigned to this number! 
• There is no definition of what is the ‘attribute’ being represented by the 

number obtained: there is a description of a target achieved (test 
succeeds — 2t outputs heavy str2ngs4 w2th greater than two-th2rds 
probab2l2ty and w2th a conf2dence 2nterval greater than 97.725%)  and 
the context of this achievement (largest number of qubits with same 
number of 5depth) where such largest single number become an 
exponent of base 2, which calculation provided a ‘quantity’ referred to 
as ‘volume’ without the description-definition of what a ‘volume 
corresponds to. 

• It is not a combination of other numbers (it is neither a ‘derived’ 
number composed of other numbers). 

• Claims that QV is ‘hol2st2c’ are not supported by any rationale or 
documented evidence. 

 

3.5. ETS Quantum Student Club PresentatDon 
 
Two representatives of the  ETS Quantum Student Club shared the2r 
exper2ences w2th two use cases representing creat2ve and eTect2ve 
appl2cat2on scenar2os for quantum comput2ng.   

Use Case 1: Clean2ng the Ocean w2th Quantum Comput2ng 

• The Quantum Student Club presented a solut2on proposal for us2ng 
quantum comput2ng to help reduce ocean pollut2on. 

Use Case 2: Develop2ng a PennyLane Plug2n for the ETS MonarQ Quantum 
Computer Integrat2on 

 
4 Heavy str7ng : note prec7sely def7ned 7n IBM document 
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• A systemat)c mapp)ng study of 
s)ze measurement )n Quantum 
Software w)ll be conducted. 

• C)rcu)t-based approach by 
Lesterhu)s (2024) )s be)ng 
rev)ewed by COSMIC Group. 

• Approaches by Khattab et al. 
(2022) and Valdes-Souto et al. 
(2024) w)ll be rev)ewed by 
COSMIC Group. 

• Add)t)onal cases stud)es w)ll be 
conducted. 

• Consol)dat)on of the three 
approaches w)ll be done.  

• Analys)s of past Quantum 
student club challenges from 
the funct)onal requ)rements 
perspect)ve w)ll be done. 

• Error and f)del)ty 
concepts w)th)n the 
scope of 
measurement and 
the)r def)n)t)on as 
non-funct)onal 
requ)rements 

• The club descr2bed the2r process of develop2ng a plug2n for PennyLane 
that prov2des an 2nterface w2th the MonarQ platform (the quantum 
computer on ETS campus). 

• The student club shared deta2led 2ns2ghts 2nto the techn2cal 
development deta2ls and the pract2cal sk2lls they ga2ned dur2ng the 
plug2n development process. 

The Quantum Student Club’s exper2ences w2th these two d2verse projects 
oTered 2ns2ghts 2nto the appl2cat2on potent2al of quantum technolog2es 
across var2ous f2elds. 

4.  ActDon Items 
The actdon dtems are gdven dn Fdgure 6.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: QuantumSoftware Sizing sub-research categories and corresponding action items 

Quantum Software 
Sizing using COSMIC 

with case studies 

SLR on quantum 
measurement  

Exploration of 
Measurement 
component in 

Quantum as NFR 

Quantum Software Size Measurement  

• By focus7ng on Quantum volume 
and Other metr7cs 


