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THIS AGREEMENT IS MADE as of the 11" of October 2018 by:

SHELL GLOBAL SOLUTIONS INTERNATIONAL B.V., a company incotpotated
undet the laws of Nethetlands and having its registered office at Kessler Park 1, Rijswijk,
2288 GS NETHERLANDS, heteinaftet called “Shell”.

ahd

LEIDEN UNIVERSITY, a legal entity undet the law of the Nethetlands and having its
registered office at Rapenburg 70, 2311 EZ Leiden, NETHERLANDS, hereinafter called
“Research Partnet”.

WHEREAS:

A, Shell wishes to engage-the Reseatch Pattner for the pgovision of cettain sesearch services in the
atea of Quantum chemistry on quantun computers

B. The Research Partner is willing to arrange for such a study to be catried out,
C.  The goal of the reseatch is to produce several scientific “paper”(s)

NOW THEREFORE IT IS AGREED AS FOLLOWS;

1.  DEFINITIONS AND INTERPRETATION
"The following expressions shall have the meanings specifed:

“Affiliate” with tespect to Shell means (a) Royal Dutch Shell plc and any entity othet than Shell which
is at the time it question directly ot indirectly controlled by Royal Dutch Shell ple. For the purpose of
this definition, a particular entity is (f) directly controlled by anaother entity or entities if that latter entity
owns ot those latter entities topether own fifty petcent (50%) or more of the ownetship intetest of, ot
of the voting ot contractual rights in, the particular entity; and (if) is indirectly controlled by an entity ot
entities if a seties of entities can be specified, beginning with that lattet entity or entities and ending with
the first mentioned entity, so related that each entity of the seties (except the latter entity ot entities) is
directly controlled by one ot mote of the entities eatliet in the seties and (b) any company which is
tnanaged ot operated by Shell ot a company as defined above in () and/ot has a setvice agteement with
a compatyy as defined in (a) above, pursuant to which it pays or recovers oh a cost shating basis a
proportion of cettain of the costs of Shell of such company putsuant to a cost allocation key;

“Agteement” means this agteement including the appendices to this Apteement, as amended, vatied o
supplemented ftom time to time putsuant to Clause 24 heteof;

“Anti-Bribery Laws” means the United States Foteigh Cotrupt Practices Act of 1977 and the United
Kingdom Bribery Act 2010 (as amended from time to time) and all other applicable national, regional,
provincial, state, municipal ot local laws and tegulations that prohibit the btibery of, ot the providing of
unlawful gratuities, Facilitation Payments ot other benefits to, any Govetnment Official or any other
pesson;

“Pacilitation Payments” means payments to facilitate ot expedite petformance of a toutine govethmental
action which is at action which is commonly petfottried by a Government Official;

“Potce Majeure Hvent” means the events qualifying as a Fotce Majeute Event as expressly set out in
the Agreement; '
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“Government Official” means any official or employee of any government, ot any agency, ministry,
depattment of a govetnment (at pay level), petson acting in an officlal capacity for a government
regardless of rank ot position, officlal ot employee of a company wholly ot pattially controlled by a
govetnment (for example, a state owned oil company), political patty and any official of a political patty;
candidate for political office, officet of employee of a public intetnational otganisation, such as the
United Nations or the Wozld Bank, ot immediate family membet (meaning a spouse, dependent child
ot household membet) of any of the foregoing;

“Intellectual Propetty Rights means patents, trademarks, setvice matks, (tegisteted or untegistered)
tights in any designs, ttade ot business names, copyright (including rights in computet software), khow-
how, secret formulae and processes and othet proptietary knowledge and information, rights protecting
goodwill and reputation, database rights and all rights, applications for the any of the foregoing and
forms of protection of a similar natare to any of the foregoing ot having equivalent effect anywhere in
the wotld and all tights undet licences and conhsents in tespect of any of the rights and forms of
protection mentioned in this definition;

“Laws” means all applicable national, municipal or state statutes, ordinances or other laws (including but
not limited to Anti-Biibery Laws), tegulations, by-laws ot any tules, codes ot ditections ot any licence,
consent, petmit, authoiisation or othet approval required by any public body ot authotity, local or
national agency, department, inspectot, ministry, official or public ot statutory petson (whether
autonomous ot hot);

“Notice” means a notice, subpoena, ordet ot other legal process, including any tequest for disclosure of
information pursuant to any applicable Freedom of Information legislation;

“Papet” means a papet as described in Clause 9.1;

“Party” means either Shell ot the Reseatch Partner as the context requires and “Parties” shall mean Shell
and the Reseatch Pattnes collectively;
“Personal Data” means aty information telating to an identified ot identifiable individual, unless

othetwise defined under applicable law  related to the protecton of individuals, the processing of
such information, and secutity requitements for and the free movetnent of such information.

“Putchase Order” means an order by Shell issued to the Research Pattner for the respective, purchase
of the Study heteundet;

“Related Party” means in relation to a Patty or any of its Affiliates;
(a) any person employed by that Party ot its Affiliates;
(b) any ditector ot other officer of that Party or its Affiliates; and
(c) any petson acting for ot on behalf of that Party ot its Affiliates;
and “Related Parties” shall mean the plutal;

“Research Associate” means the petson(s) hominated by the Reseatch Partner i accordance with Clause
32

_ “Research Pastner Personnel” means any individual employed or supplied by Research Pattnet whethet
ditectly ot inditectly and assigned to wotk in connection with the petformance of this Agteement

whether ot not an employee of Research Pattner, and includes Subcontractors of Research Partners and
their petsoninel;

“Restricted Jupisdiction™ means countties ot states that ate subject to comprehensive teade sanctions or
embatgoes, which at the date of execution of this Agteement include the following: Syria, Cuba, Itan
and Sudan (as may be amended by the relevant governmental authotities from time to titme);

“Restticted Parly” means a party (i) targeted by national, tegional of multilateral trade ot econotnic
sanctions under applicable laws, includitig, but not limited to, petsons designated on the United Nations
financial sanctions lists, Buropean Union (EU) ot EU member: state consolidated lists, U.S Department
of the Treasuty Office of foteigh assets control lists, U.S State Depattment hon-proliferation sanctions
lists or U.S Depattment of Commetce dended petsons Hst, in force from time to time ot (if) ditectly ot
inditectly owned ot controlled by ot acting on behalf of such persons;
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“Results” means the results, conclusions, findings, inventions, sclutions, specifications,
recommendations, softwate, user manuals, documentation, repotts, designs, drawings, data ot othet
information, documents, or matetials, which arise or are made ot created in the pesformance of the Study
and includes copyright to any copyright protectable wotk resulting from the Study;

“Shell Monitot “means the petson(s) nominated by Shell in accordance with Clause 0;

“Shell Information” means any information ot data, whethet disclosed in weiting, otally oz visually, by
way of samples ;which is received ot obtaihed by the Reseatch Partner  either ditectly ot inditectly from
Shell and/or an Affiliate of Shell in connection with the Study ot undet this Agteement;

“Study” means the study having the scope described in APPENDIX I;

“Subconttactor” means any patty to a subcontract other than Shell and Reseatch Pattner;
“Supetvisor” means the person(s) nominated by the Research Partnet in accordance with Clause 3.3;
“Thesis” means a thesis written by the Research Associate as described in Clause 9.1;

“Trade Control Laws™ means all applicable governmental laws, repulations, decrees and ordets governing
the export and te-expott of goods, technology, softwate and/or setvices, including, to the extent
applicable, the U.S. Export Administration Regulations adeministeted by the U.S. Depattment of
Cominetce, the U.S, ttade sanctions legislation administered by the U.S, Department of the Treasuty
and Buropean Council Regulation 428/2009 and any amendments theteto and any applicable laws
whether imposed by public law (including without limitation and any applicable United States, Canadian,
FBuropean Union, United Nations, or othet expott control and trade sanctions laws, regulations and
administrative tequirements;

“Worlksite” means all the lands, waters, facilities, properties and any othet places including, but not
litited to, storage facilities, offshore installations, floating constiuction equipment, vessels (including
the area approved by anchor patterns), offices, wotkshops, and messing facilities, on, under, in or
through which wotk in connection with the Agreement will be petformed by Rescatch Partner and
Reseatch Pattnet Petsonnel, which are owned and/or opetated by Shell and/ot Affiliates of Shell.

2, COMMENCEMENT AND DURATION
This Agreement shall come into effect on 1% of Octobet 2018 and, unless terminated earlier in

accordance with Clause 13, shall continue in force until 30k of September 2023,

5. PERSONNEL AND LOCATION

3.1 The Research Partner undettakes to catry out the Study with all professional skill, cate and
diligence. '

3.2  The Research Partner shall assign || ESKIEE to wotk on the Study for the duration of the
Study. The Reseatch Associate’s contact details ate as follows:

Niels Bohtweg 2,
2333 CA Leiden

BER@lotentz.leidenuniv.nl

3.3 The Research Pattner shall arrange fot the wotk of the Research Associate on the Study to be
supetvised by“ BBl contact details are as follows:

Instituut-Lotentz, Universiteit Leiden
P.O.Box 9506, 2300 RA Leiden, The Nethetlands
Tel:  +31-71EEEZE Email IIEEESR ) orentz leidenuniv.nl
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34

35

4.2

43

5.2

23

7.2

Shell shall nominate one of its employees to monitot the progtess of the Study and to act as
contact point with the Reseatch Pattner, The initial Shell Monitot shall be ﬁcontact

details ate as follows:

Shell Technology Centet Houston

3333 Highway 6 S,, Houston, TX 77082
Tel: +%E; Bax: +1 281

Email: shell.com

The Study shall be cattied out at desighated premises of Research Pattner in Netherlands unless
othetwise agteed between Shell and the Reseatch Pattnet,

DELIVERABLES
The Reseatch Pattnet undettakes to artange fot the Supetvisot to:

(®)  keep the Shell Monitor fully informed of the ptogress on the Study by providing final
wtitten teports; and

(b)  provide the Shell Monitor with the Results in the form of written tepotts at tegulat
intervals to be agteed.

The Research Pattaer shall ensute that the Shell Monitot receives copy of the final repost of
the Study promptly aftet completion of the Study. Such tepott shall set out all Results of the
Study.

The Research Pattner shall supply to the Shell Monitot:
(a)  copies of the object and soutce code of any softwate comptised in the Results; and

(b)  all samples and other materials (othet than deaft tepotts) containing Results,

PAYMENT

In consideration of the cattying out of the Study, the supply of the Results and the grant of tights
to Shell as specified in Clause 8 Shell shall make the of payment of [JEEEEER in several
instalments in accordance with APPENDIX IL

Shell shall pay the Research Pattner within sixty (60) days (unless otherwise stated by Shell) of
receipt by Shell of a cortectly prepated and propetly suppotted invoice. Shell reserves the right to
pay only the undisputed pottion of any disputed invoice. The parties shall endeavout to settle at
the earliest possible date any invoicing mattets in dispute. '

"The Reseatch Pattner shall state the Agteement number and the Putchase Otdet numbet on the
invoice and send its invoices to the address specified in the Purchase Order.

SUPPLY OF INFORMATION

Shell shall arrange for the disclosure to the Reseatch Pattnet of such Shell Information as Shell
deemns necessary to ensute satisfactory progress is made in the Study.

CONFIDENTIALITY OBLIGATIONS

The Research Pattner undetrtakes that it shall not, and watrants that the Supervisor and the
Reseatch Associate shall not, without the prior written consent of Shell:

(@)  disclose to any third party any Shell Information, however Reseatch Pattnet may disclose
Shell Infotmation to students (f) agreed by Shell in writing in advance to petforming
wotk in the Study and (i) who have signed a confidentiality and restricted use agreement
of at least the same restrictions of confidentiality as stated in this Article 7; or

(b)  use any Shell Information for any putpose other than the Study.

The Research Pattner may disclose Shell Information only to those of its employees who:
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73

T4

7.8

8.2

(1)  have a reasonable need to know and use such Lnformation in futtherance of completing

the Study;
(b)  have been informed of the confidential nature of the Shell Information in question; and

{c)  ate bound by obligations no less stringent than those assumed by the Reseatch Pattnet
hereunder,

The obligatiotis in Clauses 7.1 and 7.2 shall:

(2) notapply to any Shell Information, at the time it is received ot obtained by the Research
Partner, is lawfully known by the Reseatrch Partner without bmder of secrecy ot is publicly
available; and

{(b) cease to apply to any Shell Information which, after it is received o obtained by the
Reseatch Pattnet:

() is received by the Reseatch Pattner without binder of secrecy from a source free
to disclose it othet than Shell and/or any Affiliate of Shell;

(i) becomes publicly available othet than as the result of a breach of this Agteement;

(ili) is approved for release in advance and in writing by an authotised representative
of Shell; or

(tv) has been approved for publication in accordance with Clause 9,

If the Research Pattner receives a notice seeking disclosure of Shell Information, the Reseatch
Pattner shall immediately notify Shell and the Sheil Monitor in otder to allow Shell the
oppottunity to oppose the Notice ot to seek a protective order. IE requested by Shell, the
Reseatch Partner shall co-operate fully with Shell in contesting such disclosute. Except as such
demand shall have been limited, quashed or extended, the Reseatch Pattner may thetcafter
comply with such demand, but only to the extent requited by law. Whete Shell has obtained a
protective order, nothing it this Agteement shall be construed as authotising the Research
Pattner to use i ahy manner ot disclose Shell Information to parties other than such
governmental ot judicial agency or body beyond the scope of the protective otder.

Information shall only be within the exceptions in Clause 7.3 to the extent that the Research
Pattner can establish the facts with adequate proof.

,”Specific disclosures made heteundet shall not be deemed to be sub]ect to any of the exceptions

" in Clause 7.3 merely because dley ate embtaced by general disclosutes in the public knowledge

ot literatuse or in the possession of the Research Pasttner, the Supervisor and/ot the Research
Associate,

Any combination of featutes disclosed heteundet shall not be deemed subject to the exceptions
in Clause 7.3 merely because individual features are in the public knowledge ot literature or in
the possession of the Research Partner, the Supetvisor and/or the Reseatch Assodiate.

A Party shall not, without the specific prior written permission of the other Party, refer in any
ofits publicity to this agreement ot the relaionship between Reseatch Partnet and Shell ot allow
othets to do so.

RIGHTS IN RESULTS

All right, title and intetest in and to the Results shall vest in the Reseatch Pattner. The Reseatch
Pattner shall have the exclusive right to file patent applications in respect of inventions embodied
in such Results in its own name and at its own expense in such countties as it deems approptiate.

The Research Pattner gants and wasrants that the Supetvisor and/or the Research Associate, as

the case may be, grant to Shell from the date any such Results arc created an perpetual, irrevocable,

wotldwide, non-exclusive, toyalty-free tight to use, disclose to Affiliates of Shell and othet third
patties with the right of use, teproduce, adapt translate and othetwise exploit and have exploited
the Results.
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8.3

@
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84

85

9.2

9.3

10.
101

102

11,
@

The Rescarch Pattnet, watranting that it is free to do so, grants Shell a petpetual, irtevocable, non-
exclusive, royalty-free, wotldwide licence undet:

any Intellectual Property Rights of the Reseatch Pattner; and

any Intellectual Propetty Rights of thitd patties licensed to the Reseatch Pattner with the right to
grant sub-licences to third patties,

which ate necessaty to use ot exploit the Results for aty putpose with the tight to grant sub-
licences to Affiliates of Shell and/or and to thitd patties to use the Results for the operations of
Shell, Affiliates of Shell and/or third parties. The Research Pattnes agrees that it shall not use the
Intellectual Propetty Rights of thitd pattics to catty out the Study whete it is not free to provide a
sub-licence to Shell as set out in Clause8.3.2 (b).

The Research Partnet shall be solely liable fot employee compensation ot remunetation due to
inventors, other than employees of Shell and Affiliates of Shell, under any intellectual property
legislation,

At the tequest of Shell, such tequest to be made befote expiry of fout (4) yeats from the date of

- completion ot termination of the Study, the Reseatch Pattner will offet Shell the right and licence

referred to in Clause 8.2 on an exclusive basis on teasonable tetins and conditions to be agteed
sepatately between Shell and the Reseatch Patther. Research Pattnet agrees and wattants that
Supetvisor and/ot the Reseatch Associate, as the case may be, agtee ko remain in a position to
make such offer for said period.

PUBLICATIONS BY THE RESEARCH PARTNER

Without prejudice to Clause 7, Shell recognises that the Reseatch Associate and/ ot the Supetvisor
nay wish to publish some ot all of the Results topethet with any televant Shell Information as a
paper possibly including softwate within the Research Pattner ot in the open literatute (“Paper”)
and/or that the Research Associate may wish to submit a thesis containing the Results together
with any relevant Shell Information fot a higher degree firom the Research Pattner (“T'hesis”).

Befote publication of any Papet and ptiot to any submission of any Thesis, the Research Partner
shall arrange for the Papet and/or Thesis to be given to Shell. Shell may examine and change the
Papet and/ot Thesis to enable Shell to protect Shell Information and Intellectual Propetty Rights
comptised in the Shell Infottnation, including taking steps to file an application fot patent.

At any time Shell may withhold its consent to the publication of any Shell Information in any
Paper and/or Thesis,

WARRANTIES

Shell and/or its Affiliates make no representation and give no wartanty as to the accutacy of Shell
Information and/ot as to its satisfactory quality, fitness ot suitability for Research Pattner's
putpose. The Reseatch Pattnet will receive and use Shell Infotmation at its own risk,

The Research Partnet watrants that the Results are the sole and otigital wotk of employees ot
conttactots of the Reseatch Pattnet, the Reseatch Assoclate and/ot the Supetvisor and/ot
students itvolved in the Study.

FORCE MAJEURE

Shell and Research Partner ate each excused from petformance of the affected patt of an
obligation of the Agreement while petformance is ptevented by a Fotce Majeute Event unless
the event: (i) was conttibuted to by the fault of the party ot was due to circumstances that could
have been avoided or mitigated by the exercise of reasonable diligence by (A) any membet of
Research Pattner of its Related Patties where Reseatch Partner claims fotce majeute ot (B) any
Affiliate of Shell whete Shell claims Force majeute; ot (ii) telates to an iability to make
payments of money or secure funds.
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Only the following ate Force Majeute Events: (i) riots, wats, blockades, or acts of sabotage;

(ii) threats ot acts of tetrorism; (i) radioactive contamination; (iv) earthquakes, floods, fires,
named hurricanes or cyclones, Hidal waves, tornadoes, or othet natutal physical disastets;

(v) epidemics; (vi) matitime or aviation disasters; (vii) strikes or labour disputes at a national ot
tegional level ot involving labout not forming patt of Reseatch Patthet and its Related Parties ot
Shell, which materially itnpait the ability of the party claiming force majeure to perform the
Agréement; (viif) government sanctions, embargoes, mandates, ot laws, that prevent
petformance; (ix) inability of a patty to obtain licences, permits, or governmental consents
trequited for. petformance; ot (x) hon-petformance of a patty’s Subcontractor whete the
Subcontractor has been or is affected by one of the above Fotce Majeute Events. However,
petformance will only be excused undet this sub-atticle if the parties agree that substitute
petformance by another Subcontractot is impracticable under the citcutmstances.

A party whose petformance is delayed ot prevented will: () notify the other party without delay;
(i) use all reasonable endeavouts (including acceleration of schedules on tesumption of -
petformance) to mitigate the effects; and ({i) provide on a contituing basis plans for resumed
petformance and revised schedules.

Shell may tetminate the Agreement if any Fotce Majeute Event tesults in a delay that exceeds
ninety (90) consecutive ot one hundted and efghty (1 80} cumulative days, except whete Shell has
provided a Putchase Otdet.

RESEARCH PARTNER PERSONNEL AND SUBCONTRACTING

Reseatch Partner is responsible for any Study petformed by and all activities, omissions, and
defaults of any Subconttactot and all Research Partnet’s Personnel as if they were the activities,
omissions, or defaults of Research Partner,

(2)  Reseatch Parther may hot subcontract any patt of its obligations under the Apreement

except as agreed in writing by Shell. Research Partner will ensure that subcontracts ate in all
material tespects consistent with the terms and conditions of the Agteement, including the
terms and conditions of Clause 8, in patticulat by extending the obligations under Clause 8.2
and 8.5 to include those Results obtained by Subconttactot and undet Clause 8.3 to include
Subcontractor’s Intellectual Property Rights.

(b)  Research Partner agrees to indemnify Shell and its Affiliates for liabilities arising from

13.
131

132
(2)
(®)
©
CY

Research Pattnet’s use of Subcontractots in the petfotmance of the Agteement.

TERMINATION

Either Patty may tetminate this Agreement by giving notice to the other Party if the othet Party
commits a matetial breach of any term of this Agreement, whether or not such breach would
otherwise qualify as a tepudiatoty breach at common law and which is either incapable of remedy,
ot, if capable of remedy is not remedied within thirty (30) days of setvice of notice by the Party
not in breach requiting remedy,

Shell may terminate the Study with immediate effect by weitten notice in the event that:

the Supervisor and/ot Reseatch Associate cease to be involved in the Study and the Reseatch
Partner is unable to find an alternative person(s) acceptable to Shell to supervise and/ ot carty
out the Study, as the case may be;

following consultation with the Rescatch Pattnet Shell is of the opinion, that insufficient
progress has been made towatds the aims of the Study;

the direction of the Study has changed significantly from that otiginally contemplated by Shell
such that Shell is no longer interested in funding the Study; or

the Reseatch Partner ot any of its personnel, employees ot contractots, when petforming work
in connection with this Agreement;
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(A)  commits any of causes Shell ot any of its Related Parties to be in breach of
applicable Anti-Bribery Laws;
(B) breaches Clause 14.5 of this Agteement;

(C) commits any ot causes Shell ot any of its Related Patties to be in breach of
applicable competition laws; ot

commits a material breach of the Laws not mentioned in paragtaphs (A) and
paragtap.
(C) of this Clause; ot

(i) any conflict of intetest arises between the Reseatch Pattner ot any of its Related
Parties and Shell or any of its Related Parties, unless accepted in writing by Shell,

13.3  Shell may terminate the Agteement ot reduce Study for convenience at its own disctetion with

134

14.
141

14.2

14.3

14.4

14.5

thirty (30) days priot written notice. In the event of eatly termination, reseatch pattnet shall be
paid for all work perforined and related expenses incurted, including any non-cancelable
commitments, in accordance with this Agreement until the date of termination

Provided that Shell satisfies its obligations under Clause 5 that ate outstanding at the date of
termination, Shell shall have no futthet obligations towatd the Reseatch Pattner  with respect to
the Study after such termination,

COMPLIANCE WITH ANTI-BRIBERY LAWS

The Research Patther represents and wartants that, in connection with this Agreement o the
business tesulting therefrom:

() it is knowledgeable about Anti-Btibety Laws applicable to the petformance of this Apreement

and will comply with all such laws;

(b) neither it nor 4 Related Patty have made, offeted ot authotised ot will make, offet ot authotise

any payment, gift, promise or other advantage, whether ditectly or through any othet petson ot
entity, to ot for the use ot benefit of any Government Official ot any person whete such
payment, gift, promise ot othet advantage would (i) comptise a facilitation payment; and/ ot (i)
violate the Anti-Bribery Laws;

The Reseatch Partnet undertakes to immediately notify Shell if in connection with this
Apreement ot the business resulting thetefrorm it receives ot becomes awate of any request from
a Government Official or any petson fot any payment, gift, promise ot other advantage of the
type mentioned in Clause 14.1(b).

Shell confirms that its appointment of thé Research Pattnet was expressly made on the basis
that Anti-Btibery Laws and the Business Principles would not be violated. The Reseatch Patthet
acknowledges that the contents of this Agteement tay be disclosed by Shell to thitd patties for
the purposes of demonsttating compliance with this Clause.

The Reseatch Pattner tepresents and warrants that neither it nor any of its Related Parties is a
Govetnment Official o othet petson who could assett illegal influence on behalf of Shell ot its
Affiliates. If any of the foregoing becomes a Govetnment Official, the Research Partnet shall
promptly notify Shell..

The Research Pattner shall indemnify, defend, and hold harmless Shell and its Related Patties
from and against any and all losses, damages, claims, expenses, fines and penalties arising out of
the Reseatch Patinet’s representations in this Clause 14 being unttue or atising out of the
Research Pattnet’s breach of any of its wattanties ot undettakings in this Clause 14,
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LIABILITTES AND INDEMNITIES

Liability fot loss of and damage to propetty and fot petsonal injuty, death, ot disease to any
person, atising in connection with the Agreement, will be determined in accordance with
applicable law,

Neither party will be liable to the othet for that other patty’s own consequential loss, ot any
punitive ot exemplary damages that might be awarded in that party’s favout, regardless of
negligence ot other fault,

Neither party excludes or limits its liabilities to the extent they may not be excluded under
applicable law.

INSURANCE

Priot to commencement of performance, Research Partner will atrange any insutance required by
applicable law, and maintain such insutance in effect thtoughout the dutation of the Agreement.
Satisfaction of the obligation to ptocure insugance and petform other actions in connection with this
Atrticle will not relieve Reseatch Pattner of any other obligations ot liabilities.

17.
17.1

172

173

18,
®@

BUSINESS PRINCIPLES/CODE OF CONDUCT
The Reseatch Pattner acknowledges that:

(a) it has received a copy of the Shell Genetal Business Principles (“Business Ptinciples”)
(or alternatively taken note of the Shell General Business Principles at

www.shell.com/sgbp);

(b) it has received a copy of the Shell Code of Conduct (ot altethatively has taken note of
the Shell Code of Conduct at

http:/ /www.shell.com/home/content/aboutshell/who we are/our values/code of
conduct/);

(© it has been made aware of the Shell Global Helpline at

hittp:/ Avww.shell. com /home/content/aboutshellwho we are/our values/complia
nce helpline/,

(d) it has received the Shell Supplier Principles (ot altetnatively taken note of the Shell

Supplier Principles at http://www.shell.com /supplicrs)

The Reseatch Partner agrees that it and its Related Parties shall adhere to the principles
contained in the Shell General Business Ptinciples (of whetre The Reseatch Pattner has adopted
equivalent principles, to those equivalent principles) in all its dealings with, for or on behalf of
Shell in connection with this Agreement and the business tesulting therefrom. In the event that
the Research Partner ot any of its Related Parties supply staff that work on behalf of Shell or
tepresent Shell, the Research Pattner commits that such staff will behave in a manner that is
consistent with the Shell Code of Conduct. The Reseatch Pattnet shall notify Shell immediately
if it becomes awate of any behaviout by Shell staff, the Reseatch Pattner ot its Related Parties
which is, ot may be, inconsistent with the Shell General Business Principles, the Shell Code of
Conduct ot, whete the Research Partner has adopted equivalent principles, theit equivalent.

At Shell’s request, the Research Partner will provide information to Shell as required to complete
and fully respond to Shell’s usual supplier questionmaites and due diligence to confitm
complianice by Reseatch Partner with Business Principles. As patt of Shell’s due diligence,
Research Pattner will grant Shell or ifs reptesentatives teasonable access to the Reseatch
Partnet’s facilities and sites,

FINANCIAL AND PERFORMANCE AUDIT

Shell will have the right to andit; (i) invoiced chatges and proper invoicing; (i) othet books and
tecords; and (iif) the petformance of any othet of Reseatrch Pattnets’ obligations under the

Agreement, including compliance with Anti-Bribery Laws, whete capable of being verified by

audit, For the dutation of this right see the tettns under c.
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19.
191

19.2

20,

Based on the findings of the audit the patties will settle any amounts chatged incotrectly within
forty five (45) days of any audit finding; and Reseatch Pattner will provide any Study, or tefund,
tepait, teplace, ot re-perform any Study whete the requirement to do so is identified by any
audit within forty five (45) days of any audit finding,

Rescatch Pattnier will keep books and recotds available for audit for the longet of the following
petiods: (f) five (5) yeats following tetmination of the Agreement ot any longet period as
requited by applicable laws; ot (if) two (2) yeats aftet the period expites on any obligation of
Research Partner to refund, repair, teplace, ot re-pesform any Study (including cortection of
defects).Research Pattner will keep books and records relating to compliance with Anti-Bribery
Laws available for audit fot the petiod presctibed in the Agteement for retention of such
tecotds.

HSSE & EXPORT CONTROLS

In petforming all work in connection with the Agteetnent, |Patties and Pattes Personnel will
sttictly comply with all applicable laws. Whenever Patties are on a Wotksite they shall behave in a
mannet which is consistent the requirements for the management of health, safety, security, and
environmental protection, as well as any rules, procedures ot codes of practice in force at the
televant Worksite, Research Partnet shall at all times be awate of the Goal Zeto principle and
Shell’s Life Saving Rules, Research Pattner confitms having received a copy of Shell’s Life Saving
Rules (ot alternatively, has taken notice of the Tife Saving Rules at

hitpr
(@)  Trade Comrol Laws, Reseatch Pattnes acknhowledges that it {s familiar with and will

comply with all applicable Trade Control Laws. Without ptejudice to the fotegoing,
Research Parther will provide Shell, in writing, with the televant Expott Conttol
Classification Number (ECCN) and applicable jurisdiction(s) for any dual-use ot military
itetns (e, goods, softwate, ot technology). Without limiting the foregoing, Reseatch
Partner will ensute that Shell Information is used in accotdance with applicable Ttade
Conteol Laws,

(b) Eogort/Inpost Licences. Unless othetwise agreed between the parties in writing, Reseatch
Partner will be tesponsible fot obtaining all necessaty impott and export licences and/ot
any other customs licence as required by applicable laws for the Results, Whete such
licenses ot authotizations ate obtained, Research Partner will provide Shell written notice
of all applicable conditions, including but not limited to those restricting the further export,
use of telease of-the Results,

(c). Restrivied Jurisdictions and Rastyivted Parties. Reseatch Pattnet will ensure that () except with
the priot wtitten consent of Shell, Shell Information is not expotted, provided ot made
available to any Restricted Jutisdiction or Restticted Patties (ii) subcontractots are not
Restticted Patties and (i) except with the priot written consent of Shell, Reseatch Pattner
Petsonnel engaged in the Study are not Restricted Patties or nationals of a Restticted
Jutisdiction, Without limiting the fotegoing, Research Pattner will at relevant times screen
subconttactots and Reseatch Pattner Personnel against governmental lists to ensure none
ate a Restricted Patty,

PERSONAL DATA PROTECTION .

Whete Reseatch Partner is tequited to process Petsonal Data on behalf of Shell to petfotm the Study,
Research Pattoet agtecs to comply, and ensute its Related Patties comply, with the relevant applicable
Iaws. Any member of Reseatch Partner and its Related Patties processing Petsonal Data must enter
into a standard form data processing apreement as advised by Shell.

21.

COMPLIANCE WITH REACH REGULATIONS
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©

22,
221

22.2

22.3

224

22.5

It all cases whete applicable due to Study provided, Reseatch Partnet agtees to comply with

Regulation (EC) No, 1907/2006 (“REACH”), and Research Pattnet wartants that:

()  any substances, within the meaning of the REACH regulation, in Stady have been validly
pre-tegistered ot immediately tegistered (as applicable) in accotdance with REACH; (and
Reseatch Pattner will confirm and provide evidence of compliance in wiiting to Shell
prior to dispatch of those items);

(i) whete substances in Study have beet pre-tegisteted, Reseatch Partner will take all
necessaty steps to ensute that those substances ate validly registeted in accordance with
REACH according to the deadlines set out in REACH);

(i) any J:eg-istra.tion will cover Shell 's uses and applications of the substances (ot those of
Shell 's customets) where these have been notified to Reseatch Pattner (ot to Reseatch
Partner 's “only tepresentative” if appointed and notified to Shell) no later than three
months before the televant registration deadline; and

(iv) any repistration will be kept up-to-date (including any televant amendment to uses).

Research Pattnet will immediately notify Shell it writing if any substance in Stady may or has

become subject to an authotisation or restriction undet REACH or whete any citcumstance has

atisen that would call into question whether any substance in Study is adequately registered,

Reseatrch Parthet will provide Shell with a copy of the current safety data sheets for Study in the

fotmat and containing the information tequited by REACH. Reseatch Pattner will send a copy

of the safety data sheet in the language and to the addtess ot contact as advised by Shell,

TAXATION

The Reseatch Pattner will be responsible for and indemnify Shell from all taxes, levies, social
secutities and othet charges and duties imposed in connection with the provision of the Setvices
and the supply of goods and intangible propetty (teferred to as “T'ax™), except for value added tax
in countties of the Eutopean Union ot an equivalent sales tax which is due in tespect of the supply
from the Reseatch Parthet to Shell (the above mentioned value added tax and equivalent sales tax
are collectively referted to as “Indirect Tax™).

To the extent that the provision of the work and the Results and intangible property ate subject
to Inditect T'ax which is due as desctibed above, the amount of such tax will be added to the fee
on the invoice, Shell specifically does not accept responsibility for any Inditect T'ax that telates to
putchases by the Reseatch Patthet ot the Reseatch Pattnet’s suppliets, Whete legally possible, the
Reseatch Pattner will apply a tax exemption, 0% tate ot any othet tax facility applicable in the
televant counity. In the case Shell has to pay a withholding tax to the tax anthotities undet the
applicable tax regime(s), Shell shall pay to the Research Pattnet the amount of the invoice after
deduction of such tax.

In the event that a refund opportunity atises with tespect to any Tax paid by one party as a result
of the fransactions govertied by this Agteement, both Parties shall feasonably wotk together to
putsue such tefund. If one patty recelves a tefund or a ctedit for any Tax paid by the other patty,
then the patty teceiving the tefund or credit agtees to refund to that other patty the full amount
of such refund ot credit,

In the event that the Reseatch Pattnet is consideted to have a permanent establishment in any
countty oceasioned by the supply of goods or delivery of setvices under the Agteement, the
Research Partnet shall be solely liable for (a) any liability for taxes and (b) any and all other costs
incurred by the Research Pattner due to such permanent establishment.

The Research Partner and Research Pattner Personnel render the setvices under this Agreement
as independent Party(ies) and is(are) not authorized to act as the agent or representative of Shell
ot to represent that it ot they ate entitled so to act. The Research Partner and Shell agree that no
employment relationship shall exist between Shell ot any Affiliates and Research Pattner
Personnel. The Reseatch Pattner will maintain complete control ovet and have full responsibility
fot the petfotmance of its petsonnel, agents, consultants and subconttactots. Shell resetves no
tight to direct, supetvise or control the opetations, personnel, agents, consultants or
subcontractors of the Reseatch Pattnet, Accordingly the Research Parther and Shell agtee as
follows:
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(3)  The Research Partnet shall be responsible for ensuting that all wages, fees, conttibutions
and all social security and other contributions including fot the avoidance of doubt
National insurance conttibutions, chatges and taxes tequited to be paid by the Research
Pattnet in tespect of Research Partner Personnel ate paid, together with any payments due
ot in respect of any Generally Embatgoed Country (GEC) petsonnel requited by law; and

(b)  The Reseatch Pattnet shall ensute that all approptiate deductions ate made from the wages
of the Research Partner’s personnel in respect of taxes, employees social secutity and other
conttibutions including for the avoidance of doubt national insurance contributions,

226 = 'The Reseatch Partnet is fully responsible for its petsonnel and the Research Partner vis-a-vis
Shell assumes foll and exclusive liability fox payments of claims for salaries, benefits, indemnities
and other demands related to the employment, that are made by Research Pattner Petsonnel, or
theit: dependants o successors. Neithet the Research Pattner nor Research Pattner Petsonnel
shall be deemed to be either expressly or implicitly employees of Shell. Should it ever be
determined that the Research Partner ot Research Partner Personnel acted under this Agreement
as an employee ot co-employee of Shell and/ ot its patent(s), affiliates and subsidiary compandes,
then to the maximum extent permitted by law, the Research Pattnet shall defend, indemnify and
hold hatmless Shell, its parent(s), affiliates, and subsidiaty companies against (f) any loss, damage,
claim, suit, lability, judgment and expense (including, but not limited to, attorneys' fees and
other costs of litigation), (i) any fines, penalties, or assessments, atising out of any such
determination, and (iif) any clal of coverage ot eligibility under any of the compensation
arrangements ot benefit plans of Shell and/ot its patent(s), affiliates and subsidiaty companies.

23. ASSIGNMENT AND SUB-CONTRACTING
23,1 'The Reseatch Pattnet shall not assipn all ot any of its tights ot obligations undet this Agteement.

232 Shell may at any time assigh all ot any patt of the benefit of, or its rights ot benefits and/or
obligations undet this Agreement. Shell shall be free to attange for any of its obligations and/or
tights undet this Agreement to be petfotmed ot exetcised respectively by one ot mote Affiliates
of Shell and/or other thitd parties,

24. AMENDMENTS AND VARIATIONS

This Agreement may not be amended ot modified orally and no amendment ot modification shall be
effective unless it is in writing and signed by the authorised representatives of each of the Patties,

25.  LAW AND JURISDICTION

251 This Agteement and any dispute or claim atising out of ot in connection with it ot its subject
matter ot formation (including non-contractual disputes ot clais) shall be governed by and
consttued in accotdance with the laws of The Nethetlands with the exception of its ptivate
international law, The applicability of the 1980 Vienna Sales Convention (CISG) is excluded.

25.2 ‘The parties itrevocably agree that the coutts of The Hague, The Nethetlands shall have exclusive
jutisdiction to settle any dispute ot claitn that atises out of ot in connection with this Agreement
ot its subject matter ot formation (including non-conteactual disputes ot claims).

26. MISCELLANEOUS

262 Failure or delay by Parties in enfotcing ot partially enforcing any provision of the Agreement shall
not be construed as a waivet of any of its tights under the Agreement,

263 Any waiver by Shell of any breach of, or any default under, any provision of the Agreement by

Reseatch Pagtnet shall not be deemed a walvet of any subsequent breach ot default and shall in

no way affect the other tetms of the Agreement.

264 'The rights and remedies provided by the Apreement are cumulative and not exclusive of any rights
ot remedies provided in law, equity, or otherwise and shall extend to Shell’s successots and assigns.
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26,5

" 26.6

26,7

26.8

26,9

This Agteement may be executed and delivered by the patties in countetparts (each of which shall

be consideted for all putposes an otiginal) and by facsimile and when a countetpart has been
executed and delivered by cach of the pattles, by facsimile ot othetwise, all such counterparts and
facsimiles shall together constitute one agreement.

"The covenants, conditions and provisions contained in the Agreement which the parties intend to
sutvive, including confidentiality obligations, intellectual propesty rights and liabilities, audit rights,
wattanties, applicable law, dispute fesolution, and indemnities, suivive tetmination and expity of
the Agteement for the benefit of the patty ot patties to whom they ate given, In addition, the
expity ot tetmination of the Apteement does tot dischatge ot telease either patty from any liability
ot obligation acctued at the time of such expity ot tetmination ot continuing beyond ot adsing
out of such expity ot termination, ;

This Agreement constitutes the entite agreement between the pattes heteto and supetsedes all
pror negotiations, representations ot agreements telated to the subject matter hereof, either
weitten ot otal, No amendments to the Agreement, not any contrary ot additional conditions
specified by Research Partnet in any document provided by Research Partner, shall be effective
unless evidenced in writing and signed by the patties hereto.

In the case of any conflict between the terms of the Appendices and this Apreement, the tetms
of this Agteement shall prevail

The concept of severability of clauses applies.

AS WITNESS WHEREQF, the Patties have caused this Agtecment to be executed in duplicate
otiginal at the places and on the dates specified below.
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Fot and on behalf of
LEIDEN UNIVERSITY

Sighatute:

By:

Title:

Place: = Q,,(', QLQQ ....................
b [eCemabecd3,. 201
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APPENDI¥X I
THE STUDY

Quantum chemistry on a quantuim computet
Principal investigators:

o EEEEETIIN o'sics dcpuitinent, Leiden Univessity (REERIETID

. , chemistry department, Leiden Univetsity

® 5.1.2e Shell Research
Abstract:

Quantum chemistry in its vatious forms is one of the largest consumers of supercomputet time world-
wide and at Shell. Due to the computational intensity of solving Schrédinger’s equation for the electrons
exactly, approximate solutions ate the only practical approach, A quantum computer with 100 logical
qubits can potentially already sclve problems involving chemical systems of interest faster and mote
accurately than classical computers. One can finally itnagine the “cotrect” calculation of reaction
pathways, and for revolutionary applications ranging from environmentally friendly fertilizers to novel
bio-pharmaceuticals ot catalysts for the conversion of carbon dioxide to fuels. Quantum chemistry is
widely consideted one of the first tangible conttibutions of quantum computets to society, The
Nethetlands is a leader in the development of quantum computing hatdwate, but quantum softwate
development has temained latpely unexploted. Hete we propose a focused pilot study to identify
ptomising ditections for teseatch and development in quantum computational chemistry in an

interdisciplinaty team involving physicists and chemists from academia and industry. Compatisons with -

existing state-of-the-art methods on classical computers ate an integral part of this study, thus addressing
the impottant issue of quantum speedup.

Background:

The concept of a quantum computet is quickly becoming reality. Hardwate with 50 qubsits is accessible
in the cloud. This is not yet sufficient to ovettake a conventional (classical) computer but enough to
meaningfully try out small-scale applications. Quantum chemistty is one such application and of great
intetest Shell. A tecent NSF study in the US has made an inventoty of "Quantum Information and
Computation for Chemistry",

In The Nethetlands the National Science Agenda has funded a small pilot study to explote "quantum
chemistty on a quantum computet”, The fout authors of this proposal ate carrying out this study in
collabotation with the hatdware developets at QuTech in Delft. In this document we desctibe a proposal
for a joint programn with Shell Technology.

HExpected impact:

By the end of this five-year project we will have simulated quantum computations of small to medinm-
sized (10-50 electronic states and qubits) molecules in the absence of etrot, and small (2-15 electronic
states and qubits) molecules in the presence of noisy quantum hatdware. This will allow us to malke
connection to cuttent and neat-future experitnental quantum computations of small molecules, and
extrapolate this to the requitements fot simulating propetties of large (100 electtonic states and qubits)
tnolecules that lie beyond the ability of classical computational chemistty techniques, This will be
complemented by petformance compatisons with state-of-the-att classical computation techniques such
as density functional theoty (DFT), quantum Monte Catlo (QMC), coupled clustet (CC), and density
mattix renotmalization group. As part of this, we will pave the way for the quantum simulation of
extended organic molecules and systems with ttansition metal clements by implementing and
optimizing curtent techniques for quantum simulation, We will further develop hybrid quantum-classical
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computet techniques for embedded systetns, extetnal potentials, and excited state dynamics for
photochemistry, We will then prepate for latger quantum computers that could become available in the
next 5 to 10 yeats by identifying particulatly valuable tatgets for simulation and by designing the fault-
toletant circuits that will establish the usefultiess of a quantum computer for computational chemistry,

Wotkplan:
The ptoject consists of two distinct streams, a ‘top-down’ approach and a ‘bottom-up’ approach.

The initial stages of the ‘bottom-up’ approach will consist of optimizing quantum phase estitation and
vatiational citcuits for small quantum simulations of light diatomic and other small molecules to be

- petformed on experimental hatdwate it a pattnet project on supetconducting qubits in Delft]. Attention

will be paid to (1) the matching of tesults to previously reported expetimental tesults and classical
simulations (it being within the grasp of classical computation techniques); (2) the optimization of circuits
for the expetimental systems they ate being petformed on, (3) the development and implementation of
etrot mitigation techniques fot noisy neat-tetm quantum computets, and (4) ensuring that all techniques
used ate scalable to latget and fault-tolerant systems, From here, we will progtress to the study of larger
(~50) qubit systems on classical simulators. As patt of this, we will develop methods fot approximating
ettors in sitnulated quantutn computets when realistic etror models ate no longer feasible
computationally. An open question, which we will attempt to answet during this time, is whether this
quantum fault-tolerance ovethead may be reduced below that of the sutface code. This would allow an
intermediate step between the cutrent small-scale experimental attempts and truly latpe-scale futare
quantum computess with a projected number. of 107 qubits,

The ‘top-down’ approach will begin by using existing software (fot example OpenFermion) to develop
and cost quantum citcuits for standatd refetence problems in quantum chemistey such as ordeting the
spin states in Tron porphytin and determining the ground state potential energy cutves of He2, Be2, Cr2
and Fe2, This will allow a comparison to state-of-the-att quantum chemistty techniques for strongly
cotrelated systems, such as quantum Monte Catlo, multi-teference coupled clustet, and density matrix
renormalization group. After this, we will begin compiling a list of potential simulation tatgets for a
futute quantum computer, focusing on both their value as sitmulation targets and theit cost for a fature
quanfum computer. Alongside this, we will work to develop hybtid quantum-classical algotithms (among
others, based on the widely-used ADF softwate) to allow fot the embedding of quantum simulations in
latger systems, and to study excited-state and dynamic properties of molecules such as photo-induced
electron transfer, A key part of this will be predicting the technical requirements for a future quantum
computet to bteak the ‘usefulness threshold’ (atd at what point this mipht be achieved), and generating
a list of simulations to be petformed on this fitst generation of commetcial quantum computers.

Each individual ptoject desctibed in the above timeline represents a necessaty step towards the usage of
futute quantum computers for quantum chemistty and moleconlar dynamics research, These
developtents ate especially necessaty to inform future experimental and theoretical quantum computing
tesearch ditections, Sequental projects within individual streams will build on former projects, however
the two stteams ate sepatate enough that one may still progress while the othets ate halted (in case of
experimental ot computational difficulties).

Summaty of projects!
1, Optimizing quantum citcuits for neat-term and first-commescial quantutn chemistry applications.

2. Compating quantum computing petformance to state-of-the-att computational chemistry and
integrating quantum computing algorithms with quantum chemistry packages.

1 At the ptesent stage we ate implementing quantum algotithms on non-topological
supetconducting qubits (the Delft toadmap plans for 50 qubit devices in the cloud by the end of 2020).
The topological qubits being developed by Delft in collaboration with Microsoft are not yet at this
stage but out algorithms will be platform-agnostic and will be ready to be deployed on topological
hatdwate when it becomes available.
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3. Quantum algotithms beyond the static ground state; simulating excited states, molecular dynamics,
and embedded systems,
4. Designing workflows tatgeting fitst quantum chemistty ptoblems on a quantum computer,

Interacting and alighing with cuttent Shell reseatch:

Quantam chemistty is a patt of Shell’s Computational chemistry progtam executing mostly in Bangalore,
The Shell Bangalote team both conducts fundamental R&D and assists the Shell catalysis and New
Energies busihesses developing supetior products. DFT is the domihant quantum method, and
computational chemistty uses 5-10% of Shell’s large HPC tesoutces. The systems of intetest are often
highly cotrelated otganic or metallic in nature, and all DFT solutions incut severe unknown
apptoximation errors. Shell R&D will assist the present project with identifying tatget problems which
are of sufficient value to industty to justify costly quantum simulation. In return, we can advise Shell
chemists on the potential and timeframe fot quantum computers to assist in solving relevant research
ptoblems, how such calculations would be petformed in practice, and provide training to Shell in
prepating for the use of quantum computets. As ancillaty benefit, Shell will leasn through this project
what ptoblems can be solved with “beyond-DFI’ methods” such as FCIQMC, CC and density matrix
based approaches, ahd how to even think about “exact” solutions. Such methods ate currently not in
use in Shell due to ovetrwhelming computational demand.
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APPENDIX II
PAYMENT SCHEDULE

In full and final settlement for the petformance of the Study, the production and issue of the Results,
the granting of Rights, and fot fulfilling and/or complying with ail other terms and conditions of the
agreement Shell shall pay to the Research Partner the total amount of GREEEES (Txcluding VAT and
Excluding Travel Expenses)

Year 1 Year 2

Research Associate ww
Dostdor s e

"This amount shall be paid in six 5 installments as follows:

due date: after contract sighatute
due date: December 2019
due date: December 2020
due date: December 2021

due date: at the end of the Study
upon teceipt of the final report
and deliverables.

Fitst installment of BURO Rkt
Second installment of EUROE
Thitd installment of EUROE
Fourth installment of EURO
Last installment of EURORREIE]

To the extent authotized, Shell shall reimbutse all out-of-pocket travel and lodging expenses as patt of
the Study fot Research Pattner at actual cost (including, but not limited to, hotel, aitfates and cat rentals
collectively “Travel Expenses™) provided that such Travel Expenses are documented with receipts and
ate attached to the invoice. Ttavel shall be at hotmal coach/economy class fates; overnight lodging shall
be at tates compatable to standard economy tootn tates. Reseatch Pattier shall artange alternatives to
hotel expenses (e.g, apattment rentals, corporate housing, etc)) and local transportation (e.g. shating of
rental cats, etc)) to minimize lodging expenses where cost effective.

Ttavel expenses shall be invoiced togethet with each installment.

2 Furo in total.

Travel expenses estimated at g}
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APPENDIX III

MITESTONES AND DELIVERABLES FOR SHELL/LEIDEN COLLABORATION

1. Yeat 1 objectives/milestones:
*Determine quantities of intetest for quantum chetnistry can be easily calculated on a quantum
computer,
s Develop fait mettics fot comparing quantum and classical computers for quantum chemistry.
*Learn to calculate cost of algorithms on future quantum computers (e.g. T-gate counting),
2. Year 1 delivetables:
*Paper on calculating gradients on quantum computer,
¢ Paper on new methods for state preparation on a quantum computet,
e Intetface between Openfettmion and Ditac code
*Code to convert quantum compufing ovtput to chemistry data added to Openfermion.
3. Year 2 objectives/milestones:
e Compile list of “good' problems fot a quantum computet (Le. the easiest problems for a
quantum computet to compete with a classical computet in solving).
* Compare quantum computing power to some classical methods on few target problems,
¢ Calculate how much error mitigation can improve NISQ-eta quantum computers,
4. Yeat 2 deliverables:
*Paper on embedding quantum computation in studies of larger systems,
s Paper compating simulated quantum computing to classical computing,
*Code to embed quantum computing subtoutines in latger classical calculations.
*Extensions and additions to openfermion routities for quantum citcuitty.
5. Year 3 objectives/milestones:
* Detetmine/predict whethet quantum computets will achieve useful tesults in quantum chem-
istry without efrot cotrection.
¢ Bxtend testing of simulated quantum computing against classical methods to mote exam-
ples/methods.
¢ Extend study of quantam cémputing ability for excited states and dynamics.
6. Year 3 deliverables:
ePapet on calculating excited states/dynamics on a quantum computer.
*Papet on Jimits of etror mitigation for near-term quantum computers,
» Code to calculate excited states/dynamics on a quantam computet,
¢ Ixtensions and additions to openfetmion toutines for quantum citcuitry,
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