Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2019

Supplementary material for “Revising
measurement process in the variational quantum
eigensolver: Is it possible to reduce the number of

separately measured operators?”

November 7, 2018

1 Hamiltonians for Hy, R(H-H)=1.5A

The BK transformed qubit Hamiltonian is

ﬁH2 = —0.491786 + 0.0934565z4 + 0.13817623 + 0.09345652524 + 0.057384x22314
40.057384y523y4 — 0.035644825 + 0.08253712924 + 0.139921 292324 + 0.14585521 23
+0.05738421 92324 + 0.05738421y223y4 + 0.082537121 2924 — 0.035644821 2223
+0.139921 21 292324. (1)

After reduction of the 1%* and 3" qubits, the reduced Hamiltonian is
Hyy = —0.207755 + 0.18691324 + 0.114768x924 + 0.114768y2y4 — 0.071289622 + 0.4449162024 (2)
There are 3 QWC or MF terms in Hoyy .

HY = —0.207755 + 0.18691324 — 0.07128962, + 0.444916202,  (3)
a2 = 01147682524 (4)
HE = 0.114768y.y4. (5)



2 Hamiltonians for LiH R(Li-H)=3.2 A

Without reduction, the original BK transformed Hamiltonian is

flg?H = —7.25623 4+ 0.0193211z; — 0.05501452; — 0.0206781x5 — 0.0117773x221 — 0.00168681 2221
—0.0248725y2y1 + 0.04010525 — 0.01932112521 — 0.110892527 + 0.0026220623x1 + 0.04778662321
+0.00168681z3x2 — 0.024872523z0x1 + 0.020678123x227 — 0.011777323y2y1 — 0.162672329
+0.0536044232221 + 0.0193211x4 + 0.01952652421 + 0.024665x421 — 0.01520952 42
—0.0195265x 42927 — 0.00184858x 42221 — 0.019804x 4232921 + 0.01520952 4231221
+0.00981459x 42329 — 0.0211245z4x0x1 4+ 0.0214908242521 + 0.08154642425 — 0.055014524 23
40.024665z4 2371 + 0.0977784242321 — 0.021490824 232 — 0.021124524 23Yy211
+0.059631624232221 — 0.0206781x5 — 0.01520952x521 — 0.0214908x521 + 0.0165101z522
+0.0152095x5 2001 + 0.00607138x52221 4+ 0.0124366x5232221 — 0.0165101x5232221
—0.0117773x524 — 0.00168681 152423 — 0.0248725y5y4 — 0.019804ysy4x1 — 0.0211245y5y421
+0.0124366y5y4x2 + 0.0279419y5y4y2y1 + 0.019804y5y4 201 — 0.00343219y5y42221
+0.0279419y5y4 232201 — 0.0124366y5y4232221 — 0.00459719y5y42322 + 0.04010525 23
4+0.019804z25z 42221 — 0.015209525x42221 — 0.0098145925x 429 — 0.0193211 252423
—0.02466525x42321 + 0.01520952524 2322 + 0.019804252423y2y1 + 0.0195265252x4 232271
+0.00184858z5x4232921 — 0.110892524 — 0.00184858z25z4x1 + 0.05963162524 21
+0.00607138z25 2422 — 0.003432192524y2y1 + 0.0018485825242021 + 0.071728525 242221
—0.0034321925 2423221 — 0.006071382524232221 + 0.0642967 25242322 + 0.0026220626x423
40.047786626z4 + 0.00168681z6x523 + 0.0279419z¢x5x47201 — 0.012436625T5x42221
—0.00459719z¢x5x429 — 0.024872526 51423 — 0.019804z6x524 2321 — 0.021124526 50423271
+0.012436625x5x42372 + 0.027941926 524 23Yy2y1 + 0.019804 26504232011
—0.00343219z6x5x4232221 + 0.0206781 262524 + 0.015209526x52421 + 0.021490826x52421
—0.01651012¢x52422 — 0.0124366 2675 24Yy2y1 — 0.0152095265242201 — 0.0060713826x524 2221
—0.0124366z6x52423x221 + 0.0165101 262524232221 + 0.0085708826x5242322
—0.162672625 + 0.00981459z5 2521 + 0.0815464 262521 — 0.00857088252512 — 0.0045971926 25y211
—0.00981459z52529x1 + 0.0642967 26252921 — 0.004597192625 232901 — 0.00262206232221
4+0.00857088z262523x221 + 0.080005226252322 — 0.002622062¢2514 + 0.0536044 26252423
—0.019804x4y2y1 + 0.0124366x5y21y1 — 0.02466524232011 — 0.011777326Yy5y423
—0.019526525x4 2321 — 0.008570882 52322 (6)



After reducing the 3"% and 6" qubits, the LiH Hamiltonian becomes

Hpn = —7.25623 4 0.016699z1 — 0.102801z; — 0.0223649z5 + 0.0130951z021 — 0.0223649222,
—0.0130951y2y1 4+ 0.20277529 — 0.016699z0x1 — 0.1644952521 4 0.016699x3
+0.0195265x3x1 4+ 0.024665x321 — 0.01520952322 4+ 0.019804x31521
—0.01520952z32221 — 0.019804z3y2y; — 0.00981459x325 — 0.0195265x32071
—0.00184858x32921 + 0.10280123 — 0.02466523x1 — 0.09777842321 + 0.021490823x5
—0.021124523x921 + 0.021490823x221 + 0.021124523y2y1 + 0.0815464 2520
+0.0246652329x1 — 0.0596316232221 — 0.0223649x4 — 0.01520952421 — 0.0214908x4 21
+0.0165101x422 — 0.0124366x 42221 + 0.0165101z 42221 + 0.012436624y291
+0.00857088x 422 + 0.0152095z 4201 + 0.00607138z42221 + 0.0130951x 423
+0.019804x 4371 + 0.0211245x42321 — 0.0124366x 42372 + 0.02794192x 4232271
—0.0124366x 4230221 — 0.02794192423y2y1 — 0.00459719242329 — 0.0198042x4132921
40.003432192 4232221 + 0.0223649x423 + 0.0152095x 42321 + 0.02149082 42321
—0.0165101z 42322 + 0.012436624 237221 — 0.016510124 2379217 — 0.01243662423Y291
—0.00857088x42329 — 0.0152095x 42329201 — 0.00607138x 4232221 — 0.0130951y4y3
—0.019804y4ysz1 — 0.0211245y4y321 + 0.0124366y4y372 — 0.0279419y4y37221
+0.0124366y4y3x221 + 0.0279419y4y3y2y1 + 0.00459719y,4y322 + 0.019804y4y32221
—0.00343219y4y32221 — 0.202775z4 + 0.00981459z4x1 + 0.08154642427 — 0.00857088z4x2
+0.00459719z4x2x1 — 0.00857088z4x221 — 0.00459719z4y21y1 — 0.080005224 22
—0.00981459z420x1 + 0.0642967242221 + 0.016699z4x3 + 0.019526524x371
40.024665z4x321 — 0.0152095242x325 + 0.01980424x32921 — 0.0152095242322271
—0.019804z423y2y1 — 0.00981459z241320 — 0.019526524232021 — 0.00184858z432921
—0.164495z423 — 0.0018485824 2321 + 0.0596316242321 + 0.00607138242322
40.00343219z4 232221 + 0.0060713824237921 — 0.003432192423y2y1
—0.0642967 242320 + 0.0018485824 23291 + 0.071728524 232921 (7)
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Hp;p contains 25 QWC terms

= 0.027941924x32221 (
= 0.019804x3z9x1 + 0.01980424 37271 (9
= —0.0279419y4ysx221 (1
= —0.0124366xz4x221 + 0.0124366x 4232221 (
= 0.0130951z9x1 — 0.021124523x221 + 0.00459719242921 + 0.0034321924 23221 (
= 0.019804z42321 — 0.0198042 4232071 (13
= 0.0195265z3x1 — 0.0195265x329x1 + 0.019526524x321 — 0.019526524232011 (
= —0.019804y4y3x1 + 0.019804y4y3 2221 (
= —0.0152095x 421 + 0.01520952 42021 + 0.0152095x 42321 — 0.015209524 232071 (
= 0.016699x1 — 0.016699z5x1 — 0.024665232x1 + 0.0246652320x1 + 0.00981459z41¢
—0.00981459z4 2021 — 0.0018485824 2321 + 0.0018485824 232921 (17)
= —0.0279419x423Yy21y1 (18)
= —0.019804x3y21y1 — 0.0198042423y2y1 (19)
= 0.0279419y4ysy2y1 (20)
= 0.0124366z4y2y1 — 0.0124366x423Y2y1 (21)
= —0.0130951y2y1 + 0.021124523y2y1 — 0.00459719z4y21y1 — 0.0034321924 23211 (22)
= —0.0124366x42322 — 0.012436624232921 (23)
= —0.0152095x3x2 — 0.0152095x3x221 — 0.0152095242322 — 0.01520952431221 (24)
= 0.0124366y4y3x2 + 0.0124366y4y3x221 (25)
= 0.0165101z429 + 0.0165101z42227 — 0.016510124 2329 — 0.0165101x 4232221 (26)
(27)
(28)
(29)

= —0.0223649x5 — 0.02236492527 + 0.021490823x2 + 0.0214908232221 — 0.0085708824x2 27
—0.00857088z42221 + 0.00607138z423x5 + 0.0060713824231221 28
= 0.0130951z423 + 0.0211245x4x321 — 0.004597192 42329 + 0.003432192 4232221 29
0.016699x3 + 0.024665x327 — 0.00981459x329 — 0.00184858x32921 + 0.016699z4x3
4-0.024665241321 — 0.00981459242329 — 0.0018485824232921 (30)
—0.0130951y4y3 — 0.0211245y41321 + 0.00459719y4y325 — 0.00343219y4y32021 (31)
= —0.0223649z4 — 0.0214908x 421 + 0.00857088x 425 + 0.00607138x 42221 + 0.02236492 423
+0.02149082 42321 — 0.00857088x 42329 — 0.00607138x 4232221 (32)

= —7.25623 — 0.102801z; + 0.20277522 — 0.1644952221 + 0.10280123 — 0.09777842321 + 0.0815464 2329
—0.0596316232921 — 0.20277524 + 0.0815464 2421 — 0.08000522422 + 0.0642967 24 2221
—0.1644952z423 + 0.009631624 2321 — 0.0642967 242322 + 0.07172852423222 . (33)

Hp,p can be split into 13 MF terms (MF-partitioning 1p in Table T of the



main text)

0.0124366y4y3x2 — 0.0279419y4y32221 + 0.0124366y4y32221 (34)
—0.019804x3y2y1 — 0.027941924x3y21y1 — 0.0198042423Yy2y1 (35)
0.0279419y4y3y2 41 (36)
—0.0130951yy1 + 0.021124523y211 + 0.012436624y291

—0.01243662423y2y1 — 0.004597192492y1 — 0.0034321924 23291 (37)
—0.0130951y4ys — 0.019804y4ys21 — 0.0211245y4y321

+0.00459719y4y322 + 0.019804y,4y3 2011 — 0.00343219y4y32221 (38)
0.019804x3x221 + 0.02794192 4232221 + 0.019804 24232071 (39)
—0.0152095z325 — 0.0152095x32221 — 0.0124366x4x322

—0.0124366z4237921 — 0.0152095242322 — 0.015209524 31921 (40)
0.01309512221 — 0.021124523z921 — 0.01243662x42221

40.0124366x4 232221 + 0.0045971924021 + 0.0034321924 232021 (41)

—0.022364922 — 0.0223649x221 + 0.02149082372 + 0.0214908232221 + 0.01651012 472
+0.0165101z42221 — 0.0165101x 42322 — 0.0165101z4 232221 — 0.00857088242

—0.0085708824x221 + 0.00607138242372 + 0.0060713824 232221 (42)
0.0195265x3x1 — 0.0195265x320x1 + 0.019804z 42321
—0.019804$4$3221‘1 + 0.01952652’4.133331 — 0.0195265z4x322m1 (43)

0.016699x3 + 0.024665x3217 — 0.00981459x325 — 0.00184858x32221 + 0.0130951 43
+0.0211245x 42327 — 0.00459719x 42329 + 0.00343219x4x32221 + 0.0166992423
+0.024665z4321 — 0.009814592,41329 — 0.00184858241322921 (44)
0.016699x7 — 0.01669929x1 — 0.02466523x1 + 0.02466523 20117 — 0.0152095x 421
40.0152095zx 4201 + 0.015209524 23217 — 0.0152095x 4232021 + 0.00981459241
—0.0098145924 291 — 0.0018485824 2371 + 0.0018485824 232221 (45)
—7.25623 — 0.102801z1 + 0.20277529 — 0.1644952527 + 0.10280123 — 0.0977784232
40.08154642329 — 0.0596316232221 — 0.0223649x4 — 0.0214908x 421

40.00857088x 422 + 0.00607138x42221 + 0.0223649x4235 + 0.0214908x4 2321
—0.00857088x42329 — 0.00607138x4232021 — 0.20277524 + 0.0815464 24 21
—0.08000522422 + 0.06429672z42921 — 0.1644952423 + 0.0596316242321

—0.0642967 242329 + 0.071728524232921 . (46)

Involving 2-qubit transformations before the single-qubit measurement, Hiin

can be treated by splitting into the following 5 terms (MF-partitioning 2p in



Table I of the main text)

g3(2p)

gfp)

001309511’2581 + 00198045631321’1 — 002112452,’31321’1 — 001243661341’2561
+0.0279419x 4232921 + 0.0124366x4 23271 — 0.0279419y,4y3 7221
+0.00459719z4x221 + 0.019804z4 232221 + 0.0034321924 23921 (47)

0.016699x1 — 0.016699z221 + 0.0195265x321 — 0.0195265x32021 — 0.0246652371
40.0246652z32z9x1 — 0.0152095x 421 + 0.0152095x4 291 + 0.019804x 4371

—0.019804x 432921 + 0.015209524 2321 — 0.01520952 4232021 — 0.019804y,4ysT1
+0.019804y4y3 2021 + 0.009814592421 — 0.00981459z24 2021 + 0.019526524x371
—0.0195265z4x32221 — 0.0018485824 2321 + 0.0018485824 232911 (48)
—0.0130951y2y1 — 0.019804x3y2y1 + 0.021124523y21y1 + 0.012436624y2y1
—0.0279419x423y2y1 — 0.0124366x423y2y1 + 0.0279419y4y3y211

—0.00459719z4y2y1 — 0.019804z4x3y2y1 — 0.0034321924 23241 (49)
—0.0223649z5 — 0.0223649x221 — 0.0152095z322 — 0.0152095232227 + 0.02149082312
+0.0214908z3x921 + 0.0165101x 422 + 0.0165101z42921 — 0.0124366x 42322
—0.0124366x 47320221 — 0.01651012423202 — 0.016510124232221 + 0.0124366y4y372
+0.0124366y4y3x221 — 0.0085708824x5 — 0.0085708824x221 — 0.0152095z42 322
—0.015209524232221 + 0.00607138z4 2322 + 0.0060713824232921 (50)
—7.25623 — 0.10280121 + 0.20277525 — 0.1644952521 + 0.016699x3 + 0.024665x5 21
—0.00981459x329 — 0.00184858x32921 + 0.10280123 — 0.097778423521 + 0.0815464 2525
—0.0596316232521 — 0.0223649x4 — 0.0214908x 421 + 0.00857088x 425
+0.00607138x42221 + 0.0130951z423 + 0.0211245x 42321 — 0.00459719x 42322
+0.00343219z4732221 + 0.02236492 423 + 0.0214908x 42321 — 0.0085708814 2322
—0.00607138x 4232221 — 0.0130951y4ys — 0.0211245y,4y321 + 0.00459719y4y3 22
—0.00343219y4y32221 — 0.2027752z4 + 0.08154642421 — 0.080005224 22
+0.0642967242921 + 0.016699z4x3 + 0.0246652z4x321 — 0.00981459z4x329
—0.00184858z4w32921 — 0.1644952423 + 0.0596316242321 — 0.0642967 242325
+0.071728524232221 (51)



