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2. Methods 
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2.2. Encoder circuit 
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= HY" H@DR6 ! 9 : ! 9 H&! LUVW, !
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2.3. Variational circuit 
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2.4. Measurements and supervised learning 
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=%2&!3%)4,&!̀ GGb;!X4'(4!'E!2!+$2&'%*)KC$%%!25+,$')43A!O*! ,1$!N=B!3,&%5E;!)4%!E(25'*+ !C2(),$!

C,$! ,/E%$Z2/5%! 012*)')'%E! C$,3! )4%! 3%2E1$%3%*)E! ••>‘ ! 'E! 2!4.7%$72$23%)%$A! 64 1E;! X%!

E.E)%32)'(255.!Z2$'%&!)4%!4.7%$72$23%)%$!'*!,1$!E'3152)',*EA!g251%E!C,$!)4%!E(25'*+!C2(),$!C,$!

)4%!%-7%()2)',*!Z251%!•’ ‘ ! X%$%!(4,E%*!/%)X%%*!"AL!2*&!"LAL;!&%7%*&'*+!,*!3,&%5EA!d%!1E%&!

3%2*! E012$%&! %$$,$! [=8U]! ),! %Z2512)%! )4%! %$$,$! ,C! 2! 7$%&'()',*A! 64%! (,%CC'('%*)E! ,C!

&%)%$3'*2)',*![<( ]!X%$%!(25(152)%&!C,$!%Z2512)'*+!)4%!7%$C,$32*(%!,C!,1$!N86Q!3,&%5EA!
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2.5. Implementation 
d%!'375%3%*)%&!,1$!N=B!3,&%5E!1E'*+!Qulacs !`GPb;!2!Python/C++ !5'/$2$.!C,$!012*)13!

('$(1')!E'3 152)',*A!64%!)'3%!%Z,51)',*!+2)%!,C!OE'*+!S23'5),*'2*!*%%&%&!C,$!)4%!,$'+'*25!N@B!

3,&%5! X2E! '375%3%*)%&! 1E'*+!NumPy! `GI b! 2*&!SciPy ! `GTb! 5'/$2$'%EA!64%!D%5&%$H=%2&!

,7)'3'92)',*!,C!#215'!$,)2)',*!2*+5%E!X2E!'375%3%*)%&!1E'*+!scipy.optimize !3,&15%!'*!

SciPy ! 5'/$2$.A! 64%! : KC,5&! ($,EEKZ25'&2)',*! X2E! '375%3%*)%&! 1E'*+!KFold ! 3,&15%! '*!

scikit - learn !̀ Gcb!5'/$2$.A!#$%K!2*&!7,E)K7$,(%EE'*+!,C!)4%!&2)2!E%)!X2E!'375%3%*)%&!1E'*+!

pandas !`PLb!5'/$2$.!'*!(,3/'*2)',*!X')4 !NumPy!2*&!SciPy !5'/$2$'%EA!

!

2.6. Data set 
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E%)! 42E! /%%*! 1E%&! C,$! %Z2512)'*+! )4%! 7%$C,$32*(%! 2*&! 7$%&'()'Z%! 2/'5')'%E! ,C! E)2*&2$&!
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3. Results and discussion 
3.1. Encoder circuit 
!
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3.3. Final QML model 
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3.4. Measurements and the hybrid approach 
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3.5. Performance comparison with conventional chemometrics 
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3.6. Perspectives on QML 
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4. Conclusions 
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