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Our take on CXMT’s 4F2announcement and implication to Samsung
Electronics and SK Hynix

On October 10, news on Chinese DRAM maker CXMT’s advancement in a new cell Giuni Lee
architecture called ‘4F* was disclosed along with the positive comment by its éif&ﬁiﬁ%ﬁﬁsxﬁganpiggg%zwm
president that the company plans to roll out a new server-memory product based on  Allen Chang
‘4F% architecture by the end of 2026. ;ﬁfszc%igz@?ggc‘om

Goldman Sachs (Asia) L.L.C.
Since then, the share price of major memory suppliers, including Samsung James Schneider, Ph.D.
Electronics (SEC), SK Hynix (Hynix), Micron, SanDisk, Kioxia, and CXMT, fell by ﬁ%@!ﬁ%i%ﬁ%ﬁfc‘om

11-26% taking away a total market value of well over US$700bn from the memory Goldman sachs & Co. LLC
Daiki Takayama

complex. We believe there were other reasons as well that likely contributed to the +81(3)4587-9870 |

decline (e.g. credit and Al financing concerns, the higher-than-expected CPI, etc.), G o e

given CXMT’s share price itself also saw a decline and NAND suppliers such as Verena Jeng
Kioxia/SanDisk (which are less relevant to this technology) also saw large declines. In éifjngngjh@sﬁls\_‘;ﬂéﬁ@'e”g@g&com
addition, we also note that DRAM spot pricing, which typically acts as a sentiment

indicator in the DRAM market, has continued to trend up throughout the same time

period.

Nevertheless, in this report we examine the 4F2technology announced by CXMT and
compare the technology/capacity between CXMT and SEC/Hynix in order to examine
how much of this news has been potentially priced in. Bottom line, while we believe
some concerns on the technology progress are appropriate and the capacity gap is
narrowing, we believe there is still a significant technology gap, especially in
advanced node DRAM and HBM.

The recent significant correction in the memory players’ share prices could imply that
the market may have underestimated both the capacity ramp-up and potential for
technology breakthrough from China. We believe the former to be true; however, for
the latter think the market may have actually overestimated, given our view of the
considerable time it would take to complete customer qualifications and then
achieve mass production at high yield levels, as well as narrow the gap in advanced
DRAM technology such as HBM.

In addition, with now SEC trading at P/B valuation of 1.2X/0.9X and Hynix at
1.4X/0.9X for 2027E/2028E, we believe the stocks trading at below book value
implies that the market is already pricing in a downcycle by 2028, which is much
more pessimistic compared to our “higher for longer” view. Hence, we believe from
the fundamental point of view the risk/reward at current valuations for SEC and

Goldman Sachs does and seeks to do business with companies covered in its research reports. As a result, investors
should be aware that the firm may have a conflict of interest that could affect the objectivity of this report.
Investors should consider this report as only a single factor in making their investment decision. For Reg AC
certification and other important disclosures, see the Disclosure Appendix, or go to
www.gs.com/research/hedge.html. Analysts employed by non-US affiliates are not registered/qualified as research
analysts with FINRA in the U.S.




Goldman Sachs Global Technology: Semiconductors - Memory

Hynix are attractive, while also cognizant that there may be limited number of catalysts
that could drive a quick recovery in the share prices for the names, at least in the
near-term.

The author would like to thank Jiung Kang for his contribution to this report.

Exhibit 1: Share price of major memory suppliers fell by Exhibit 2: Total market value of of ~$738bn was taken
11-26% away from the memory complex
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Exhibit 3: Recent DRAM spot pricing has continued to trend
up while share price declined
DDR5 spot pricing & SEC/Hynix market cap.
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What is 4F2 - the benefits and costs

DRAM is composed of millions of individual memory cells that store electrical charges to
represent data signals. In conventional designs, DRAM relies on a 6F? (3Fx2F) layout (F
represents the reference minimum feature size). By contrast, the 4F? architecture
optimizes cell geometry so that each single-bit memory cell occupies an area of just
2Fx2F. Because this 4F? layout requires less physical footprint per cell, manufacturers
can pack more memory cells into the same die area, achieving higher bit density.

However, scaling down to 4F? architecture introduces challenges, as smaller transistors
become increasingly susceptible to current leakage from memory cells. To overcome
these drawbacks, CXMT plans to integrate VSG (Vertical Surrounding Gate) transistors
alongside W2W hybrid bonding. VSG design mitigates leakage by turning the current
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path upright and fully wrapping a gate around it for better control. In tandem, hybrid
bonding enables the memory cell and the control circuitry to be manufactured on
separate wafers under individually optimized process conditions.

CXMT’s move toward 4F? can also be viewed as a response to China’s constraints on
conventional DRAM scaling. Restricted access to advanced lithography equipment,
particularly EUV from ASML, makes it more challenging to reduce the minimum feature
size, F. Moving from 6F? to 4F? offers another route to higher density: reducing the area
required for each memory cell without relying entirely on finer lithography.

However, 4F? does not only come with benefits. 4F* architecture’s smaller memory cells
are more complex to manufacture, as vertical transistors must be built consistently,
capacitors must still store enough charge in a smaller footprint, and closely packed wires
should be precisely designed so that they don’t interfere with one another. Hybrid
bonding adds further processing steps and requires precise alignment between the
memory and control-circuit layers. These challenges can increase manufacturing costs
and reduce yields, potentially offsetting the benefit of fitting more memory into the
same area.

Exhibit 4: lllustration of 4F>

Source: Company data, Goldman Sachs Global Investment Research
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4F? progress/comments by each major player

However, CXMT is not the only player to prepare for next generation DRAM architecture.
According to local news reports SEC is said to have successfully manufactured the
world-first sub-10nm DRAM working die utilizing 4F? architecture and VCT (Vertical
Channel Transistor, similar to CXMT’s VSG). SEC plans to finalize the development of 4F?
based 10a DRAM by end of 2026 and proceed on to customer qualification in 2027 and
mass production by 2028, per these reports. These reports also indicated that SEC
intends to leverage 4F? architecture and VCT across consecutive process nodes - 10a,
10b, 10c - and transition to 3D DRAM from 10d. Concurrently, Hynix also said that it will
incorporate 4F> DRAM as part of its next-generation technology roadmap, as it will
introduce its 4F? vertical-gate platform at the 10nm level and below, using wafer
bonding to place control circuitry beneath the memory cells. In July 2026, Hynix
validated this approach by demonstrating successful read and write operations on a 4F?
test array.
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How do we think about this potential technology advancement by CXMT?

While we acknowledge that CXMT’s technological progress could negatively affect
market sentiment, we believe it is still too early to assess the impact on the
fundamentals of the leading DRAM players such as SEC and Hynix. A clearer assessment
of this new technology would require considerably more information than what has been
disclosed so far, including CXMT’s current development stage (e.g., is it a R&D sample or
a customer sample?), cost competitiveness (compared to already existing productsin
the market), expected yield rate, customer qualification timeline, and commercialization
timeline.

Based on the articles, CXMT would currently appear to be at the product design stage
and is targeting the sampling stage by the end of 2026. While the technology itself could
potentially be an achievement if the company is successful in meeting the target
timeline, we still believe the company likely has significant ground to cover—particularly
because customer qualification and mass production would present an entirely different
levels of difficulty to achieve.

Furthermore, given the advanced roadmaps of SEC and Hynix, the core debate
surrounding 4F? is governed not by technical feasibility in the lab, but by whether the
architecture can actually deliver manufacturing productivity and economic return.
Leading players already possess alternative scaling methods —such as EUV
lithography—which allow them to scale bit density and drive performance gains without
prematurely going through yield loss and cost inflation associated with adopting 4F?
architecture. In contrast, CXMT’s pivot toward 4F* could also be more of a response to
the export controls that otherwise restrict its access to advanced EUV equipment.

How does the DRAM node technology compare between SEC/Hynix vs. CXMT?
Despite CXMT’s aggressive push for technological advancement, we still believe there is
some gap between the technological level between Korean players and CXMT. As seen
through Exhibit 5, while Korean player’s manufacturing capacity is focused on 1b node
with mix shifting towards 1c node, CXMT currently mostly produces 1z node DRAM and
is likely to continue at this node for 2027. We believe that CXMT’s further expansion into
advanced nodes such as 1b and 1c could be difficult without access to EUV equipment.
Global DRAM suppliers started to adopt EUV layers several years ago, with Hynix mainly
starting from 1a nm and SEC even before 1a nm. While CXMT may make progress in
DRAM scaling through alternative pathways that do not need to utilize EUV, we believe
there would still be technological limitations and cost implications in doing so.
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Exhibit 5: Korean player’s manufacturing capacity is
shifting towards 1c node, while CXMT mostly produces 1z

node DRAM
SEC, Hynix, CXMT DRAM node comparison
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Exhibit 6: SEC, Hynix, CXMT LPDDR generation
comparison
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How does DRAM capacity compare between SEC/Hynix vs. CXMT?

As for 2026, we expect SEC and Hynix’s DRAM wafer capacity to reach 770KWPM and
660KWPM by year-end, while we estimate CXMT to achieve 290KWPM over the same
period. However, we expect CXMT to rapidly ramp up its capacity to 513KWPM by end
of 2028, increasing its capacity by 77% in two years. Compared to CXMT’s aggressive
ramp-up, SEC and Hynix’s capacity additions that we expect are relatively modest, as we
estimate SEC and Hynix to reach 930KWPM and 770KWPM by end of 2028, implying
21% and 17% increases, respectively. By 2028, we still expect the Korean memory
makers to be the leading players in terms of capacity by a considerable amount;
however, we do recognize CXMT’s agile initiatives to scale up its production volume and
close the gap with the leading players.

Exhibit 7: Compared to CXMT’s aggressive ramp-up, SEC and
Hynix’s capacity additions that we expect are relatively

modest
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Will CXMT catch up with Korean player’s HBM leadership?
We expect larger hurdles for CXMT in narrowing the gap in HBM relative to the leading
players. HBM competitiveness depends not only on DRAM technology itself, but also on
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the packaging technology and the ability to manufacture advanced base dies that sit
underneath the memory stack. In earlier generations like HBM3, base dies could still be
produced on mature nodes. However, as HBM advances toward next-generation
specifications, the base die has shifted to advanced foundry nodes (e.g. 4nm foundry for
SEC’s HBM4 base die) to handle much higher bandwidth and power efficiency. For CXMT
to build a competitive next-generation HBM product, local Chinese foundries would also
need to produce advanced-node base dies at scale. Yet, due to ongoing geopolitical
export controls that restrict domestic foundries from acquiring advanced WFE—notably
EUV lithography tools—securing base dies based on advanced nodes locally could
potentially remain a bottleneck in catching up to the leading suppliers of HBM.

Despite CXMT’s aggressive capacity ramp, likely not enough to satisfy local China
demand

The recent sell-off in memory stocks following CXMT’s 4F2 announcement suggests the
market may have underestimated China’s catch-up ambitions, raising concerns over
long-term memory pricing if incremental supply comes online from China. However,
despite the aggressive capacity ramp assumptions and bit supply growth assumptions
for CXMT over the coming years, we expect the company to cover only 50% of China’s
domestic DRAM demand and 40% of its domestic HBM demand by 2028. As a result, a
large portion of the rapidly expanding China DRAM demand will most likely continue to
rely on the leading memory suppliers. And, we believe despite rising competition from
CXMT, both SEC and Hynix will continue to have significant opportunities in the China
market.

What is priced in?

The recent significant correction in the memory players’ share price could imply that the
market may have underestimated both the capacity ramp-up and potential for
technology breakthroughs from China. We believe the former to be true; however, for
the latter believe the market may have actually overestimated, given our view of the
considerable time it would take to complete customer qualifications and then achieve
mass production at high yield levels, as well as narrow the gap in advanced DRAM
technology such as HBM between CXMT and the leading players. With now SEC trading
at P/B valuation of 1.2X/0.9X and Hynix at 1.4X/0.9X for 2027E/2028E, we believe the
stocks trading at below book value implies that the market is already pricing in a
downcycle by 2028, which is much more pessimistic compared to our “higher for longer”
view. Hence, we believe from the fundamental point of view the risk/reward at current
valuations for SEC and Hynix are attractive, while also cognizant that there may be
limited number of catalysts that could drive a quick recovery in the share price for the
names, at least in the near-term.
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Exhibit 8: SEC shares are trading at 1.3X 12m FWD P/B with
22026E/2027E ROE of 53%/54%
SEC 12m FWD P/B vs. ROE

3.0X 1 [ 60%
25X 1 b | s0%
2.0X 1 L 40%
15X A L 30%

1.0X 1 r 20%

0.5X A F 10%

0.0X T T T T T T
Jan 14 Jan 16 Jan 18 Jan 20 Jan 22 Jan 24 Jan 26

0%

12m FWD PBR
=== -1 STDEV

10yr avg. +1 STDEV

ROE (RHS)

Exhibit 9: SEC shares are currently trading at 3.0X 12m
FWD P/E
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Exhibit 10: Hynix shares are trading at 1.5X 12m FWD P/B
with 2026E/2027E ROE of 114%/68%
Hynix 12m FWD P/B
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Exhibit 11: Hynix shares are trading at 2.7X 12m FWD P/E
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Price Target Risks and Methodology - Samsung Electronics

Valuation methodology: Our 12m 2026-2027E EV/EBITDA-based SOTP target price for
the common share is W500,000. Our 12-month target price for the preference share is
W380,000, applying an updated pref-to-common discount of 24%, derived from
average between 1) the pref discount of the 2-factor model, and 2) the 1-year historical
average discount to common shares. We are Buy rated on both the common and

preference shares.

Key downside risks: 1) major deterioration in memory supply/demand, 2) sharp
contraction in smartphone margins, and 3) mobile OLED market share loss.

Price Target Risks and Methodology - SK Hynix Inc.
Valuation methodology: Our 2026E/27E avg. P/E-based 12m TP is W3,500,000,
applying a target P/E multiple of 9.0X.

Key risks: Key risks include 1) major deterioration in memory supply/demand and delay
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in technology migration, 2) weaker demand for smartphones/PCs/servers which would
impact overall conventional memory demand, 3) Samsung’s positive HBM business
progress which would impact HBM revenue and profit, 4) lower Al-related capex which
would impact overall HBM demand, and thus HBM revenue/profit for the company.

Valuation: Our 12-month target price of Rmb129 is based on a 16.6x 2030E P/E,
discounted back to 2027E at a COE of 12.7%. Our target multiple is derived from peers’
correlation between forward-year trading P/E and earnings growth.

Key downside risks: Fiercer-than-expected market competition;
Weaker-than-expected market demand; Unstable geopolitical situation.
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108000 82000 77000 84000 140000 320000 3.000 300,000 4 88000 63000 64000 63000 110000 360000 8000
350,000 4 105000 73000 108000 gt ! - 87000 68000 85000 )
300,000 1 103000 95000 72000 123000 . g0 7000 250,000 1 8E000 71000 | 59000 99000 s 7,000
250,000 102000 8c000 ol 6,000 200,000 21000 o 6,000
200,000 1 97000 » " 2ak000 5,000 150,000 {——F7000 ] 5,000
150,000 185000 o R 4000 100,000 75900 ) 220000 4000
L — e L RN TR W S e |- ' . s = LN I TP IR ‘
50,000 § 260000480000 3,000 50,000 1 2000885000 3000
0 2,000 o 2,000
g B 3 2 B 8
= NDJFWMAMITASONDIFRAMTTASONDBIFRANTTAS E = NDJFMANMITASONDIFRANJTASONDIFRMARMRTTAS E
g 2023 | 2024 [ 2025 2026 E 2 2023 | 2024 I 2025 2026 £
[2] = w =
Source: Goldman Sachs Investment Research for ratings and price targets; FactSet closing prices as of 9/30/2026. Source: Goldman Sachs Investment Research for ratings and price targets; FactSet closing prices as of 9/30/2026.
O Rating Covered by Giuni Lee o

B Price target
®  Price target at removal
KOSPI

Not covered by current analyst

The price targets shown should be considered in the context of all prior published Goldman Sachs research, which may or

Rating Covered by Giuni Lee
B Price target
®  Price target at removal

KOSPl

Not covered by current analyst

The price targets shown should be considered in the context ofall prier published Goldman Sachs research, which may or

may net have included price targets, as wellas developments relating to the company, its industry and financial markets. may not have included price targets, as well as developments relating to the company, its industry and financial markets.

Target price history table(s)

Samsung Electronics (Pref) (005935.KS) CXMT (688825.SS)

Date of report Target price (W) Closing price (W) Date of report Target price (Rmb) Closing price (Rmb)
08-Oct-26 380,000 194,000 23-Aug-26 129.00 58.00

31-May-26 360,000 202,500

30-Apr-26 245,000 158,300

07-Apr-26 220,000 130,900
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Samsung Electronics (Pref) (005935.KS) CXMT (688825.SS)

Date of report Target price (W) Closing price (W) Date of report Target price (Rmb) Closing price (Rmb)
11-Mar-26 200,000 138,900

29-Jan-26 159,000 115,600

08-Jan-26 142,000 101,900

16-Dec-25 110,000 79,800

30-Oct-25 99,000 82,500

14-Oct-25 89,000 72,300

22-Sep-25 78,000 66,700

31-Jul-25 69,000 57,600

01-May-25 61,000 46,850

01-Apr-25 64,000 47,700

02-Feb-25 59,000 43,000

08-Jan-25 60,000 46,800

16-Dec-24 63,000 46,550

31-Oct-24 68,000 47,950

08-Oct-24 71,000 49,900

23-Sep-24 78,000 52,400

31-Jul-24 88,000 64,900

05-Jul-24 87,000 68,000

05-Apr-24 85,000 69,000

21-Mar-24 81,000 65,800

17-Dec-23 77,000 59,300

31-Oct-23 75,000 53,600

Samsung Electronics (005930.KS) SK Hynix Inc. (000660.KS)

Date of report  Target price (W) Closing price (W) Date of report Target price (W) Closing price (W)
08-Oct-26 500,000 262,000 31-May-26 3,500,000 2,333,000
30-Jul-26 490,000 207,000 23-Apr-26 1,800,000 1,225,000
31-May-26 480,000 317,000 11-Mar-26 1,350,000 955,000
30-Apr-26 320,000 220,500 28-Jan-26 1,200,000 841,000
07-Apr-26 285,000 196,500 29-Oct-25 700,000 558,000
11-Mar-26 260,000 190,000 24-Jul-25 300,000 269,500
29-Jan-26 205,000 160,700 16-Jul-25 310,000 296,000
08-Jan-26 180,000 138,800 24-Apr-25 290,000 178,300
16-Dec-25 140,000 102,800 01-Apr-25 300,000 197,000
30-Oct-25 123,000 104,100 23-Jan-25 290,000 219,500
14-Oct-25 109,000 91,600 15-Jan-25 285,000 198,200
22-Sep-25 96,000 83,500 24-Oct-24 280,000 198,200
31-Jul-25 84,000 71,400 23-Sep-24 255,000 162,000
01-May-25 74,000 55,500 01-Jul-24 290,000 235,500
01-Apr-25 77,000 58,800 27-May-24 255,000 201,500
02-Feb-25 72,000 52,400 25-Apr-24 225,000 170,600
08-Jan-25 73,000 57,300 21-Mar-24 210,000 170,000
16-Dec-24 75,000 55,600 25-Jan-24 185,000 137,400
31-Oct-24 82,000 59,200 17-Jan-24 180,000 131,000
08-Oct-24 86,000 60,300 26-Oct-23 170,000 120,000
23-Sep-24 95,000 62,600

31-Jul-24 110,000 83,900

05-Jul-24 108,000 87,100

01-Jul-24 105,000 81,800

30-Apr-24 103,000 77,500

05-Apr-24 102,000 84,500

21-Mar-24 97,000 79,300 .
17-Dec-23 95,000 73,300

WEGEH IV

Price targets shown in table(s) are unadjusted for corporate actions.

16 October 2026



Goldman Sachs Global Technology: Semiconductors - Memory

Regulatory disclosures

Disclosures required by United States laws and regulations

See company-specific regulatory disclosures above for any of the following disclosures required as to companies referred to in this report: manager or
co-manager in a pending transaction; 1% or other ownership; compensation for certain services; types of client relationships; managed/co-managed
public offerings in prior periods; directorships; registered market maker. Goldman Sachs trades or may trade as a principal in debt securities (or in
related derivatives) of issuers discussed in this report.

The following are additional required disclosures: Ownership and material conflicts of interest: Goldman Sachs policy prohibits its analysts,
professionals reporting to analysts and members of their households from owning securities of any company in the analyst’s area of coverage. Analyst
compensation: Analysts are paid in part based on the profitability of Goldman Sachs, which includes investment banking revenues. Analyst as officer
or director: Goldman Sachs policy generally prohibits its analysts, persons reporting to analysts or members of their households from serving as an
officer, director or advisor of any company in the analyst’s area of coverage. Non-U.S. Analysts: Non-U.S. analysts may not be associated persons of
Goldman Sachs & Co. LLC and therefore may not be subject to FINRA Rule 2241 or FINRA Rule 2242 restrictions on communications with a subject
company, public appearances and trading in securities covered by the analysts.

Additional disclosures required under the laws and regulations of jurisdictions other than the United States

The following disclosures are those required by the jurisdiction indicated, except to the extent already made above pursuant to United States laws and
regulations. Australia: Goldman Sachs Australia Pty Ltd and its affiliates are not authorised deposit-taking institutions (as that term is defined in the
Banking Act 1959 (Cth)) in Australia and do not provide banking services, nor carry on a banking business, in Australia. This research, and any access to
it, is intended only for “wholesale clients” within the meaning of the Australian Corporations Act, unless otherwise agreed by Goldman Sachs. In
producing research reports, members of Global Investment Research of Goldman Sachs Australia may attend site visits and other meetings hosted by
the companies and other entities which are the subject of its research reports. In some instances the costs of such site visits or meetings may be metin
part or in whole by the issuers concerned if Goldman Sachs Australia considers it is appropriate and reasonable in the specific circumstances relating to
the site visit or meeting. To the extent that the contents of this document contains any financial product advice, it is general advice only and has been
prepared by Goldman Sachs without taking into account a client’s objectives, financial situation or needs. A client should, before acting on any such
advice, consider the appropriateness of the advice having regard to the client’s own objectives, financial situation and needs. A copy of certain
Goldman Sachs Australia and New Zealand disclosure of interests and a copy of Goldman Sachs’ Australian Sell-Side Research Independence Policy
Statement are available at: https://www.goldmansachs.com/disclosures/australia-new-zealand/index.html. Brazil: Disclosure information in relation
to CVM Resolution n. 20 is available at https://www.gs.com/worldwide/brazil/area/gir/index.html. Where applicable, the Brazil-registered analyst
primarily responsible for the content of this research report, as defined in Article 20 of CVM Resolution n. 20, is the first author named at the beginning
of this report, unless indicated otherwise at the end of the text. Canada: This information is being provided to you for information purposes only and is
not, and under no circumstances should be construed as, an advertisement, offering or solicitation by Goldman Sachs & Co. LLC for purchasers of
securities in Canada to trade in any Canadian security. Goldman Sachs & Co. LLC is not registered as a dealer in any jurisdiction in Canada under
applicable Canadian securities laws and generally is not permitted to trade in Canadian securities and may be prohibited from selling certain securities
and products in certain jurisdictions in Canada. If you wish to trade in any Canadian securities or other products in Canada please contact Goldman
Sachs Canada Inc., an affiliate of The Goldman Sachs Group Inc., or another registered Canadian dealer. Hong Kong: Further information on the
securities of covered companies referred to in this research may be obtained on request from Goldman Sachs (Asia) L.L.C. India: Further information
on the subject company or companies referred to in this research may be obtained from Goldman Sachs (India) Securities Private Limited, Research
Analyst - SEBI Registration Number INHO00001493, 10th Floor, Ascent-Worli, Sudam Kalu Ahire Marg, Worli, Mumbai-400 025, India, Corporate
Identity Number U74140MH2006FTC160634, Phone +91 22 6616 9000, Fax +91 22 6616 9001. Goldman Sachs may beneficially own 1% or more of
the securities (as such term is defined in clause 2 (h) the Indian Securities Contracts (Regulation) Act, 1956) of the subject company or companies
referred to in this research report. Registration granted by SEBI and certification from NISM in no way guarantee performance of the intermediary or
provide any assurance of returns to investors. Goldman Sachs (India) Securities Private Limited compliance officer and investor grievance contact
details, a copy of the annual compliance audit report and other relevant information and disclosures can be found at this link:
https://www.goldmansachs.com/worldwide/india/research-analyst. Japan: See below. Korea: This research, and any access to it, is intended only for
“professional investors” within the meaning of the Financial Services and Capital Markets Act, unless otherwise agreed by Goldman Sachs. Further
information on the subject company or companies referred to in this research may be obtained from Goldman Sachs (Asia) L.L.C., Seoul Branch. New
Zealand: Goldman Sachs New Zealand Limited and its affiliates are neither “registered banks” nor “deposit takers” (as defined in the Reserve Bank of
New Zealand Act 1989) in New Zealand. This research, and any access to it, is intended for “wholesale clients” (as defined in the Financial Advisers Act
2008) unless otherwise agreed by Goldman Sachs. A copy of certain Goldman Sachs Australia and New Zealand disclosure of interests is available at:
https://www.goldmansachs.com/disclosures/australia-new-zealand/index.html. Russia: Research reports distributed in the Russian Federation are not
advertising as defined in the Russian legislation, but are information and analysis not having product promotion as their main purpose and do not
provide appraisal within the meaning of the Russian legislation on appraisal activity. Research reports do not constitute a personalized investment
recommendation as defined in Russian laws and regulations, are not addressed to a specific client, and are prepared without analyzing the financial
circumstances, investment profiles or risk profiles of clients. Goldman Sachs assumes no responsibility for any investment decisions that may be taken
by a client or any other person based on this research report. Singapore: Goldman Sachs (Singapore) Pte. (Company Number: 198602165W), which is
regulated by the Monetary Authority of Singapore, accepts legal responsibility for this research, and should be contacted with respect to any matters
arising from, or in connection with, this research. Taiwan: This material is for reference only and must not be reprinted without permission. Investors
should carefully consider their own investment risk. Investment results are the responsibility of the individual investor. United Kingdom: Persons who
would be categorized as retail clients in the United Kingdom, as such term is defined in the rules of the Financial Conduct Authority, should read this
research in conjunction with prior Goldman Sachs research on the covered companies referred to herein and should refer to the risk warnings that have
been sent to them by Goldman Sachs International. A copy of these risks warnings, and a glossary of certain financial terms used in this report, are
available from Goldman Sachs International on request.

European Union and United Kingdom: Disclosure information in relation to Article 6 (2) of the European Commission Delegated Regulation (EU)
(2016/958) supplementing Regulation (EU) No 596/2014 of the European Parliament and of the Council (including as that Delegated Regulation is
implemented into United Kingdom domestic law and regulation following the United Kingdom’s departure from the European Union and the European
Economic Area) with regard to regulatory technical standards for the technical arrangements for objective presentation of investment
recommendations or other information recommending or suggesting an investment strategy and for disclosure of particular interests or indications of
conflicts of interest is available at https://www.gs.com/disclosures/europeanpolicy.html which states the European Policy for Managing Conflicts of
Interest in Connection with Investment Research.

Japan: Goldman Sachs Japan Co., Ltd. is a Financial Instrument Dealer registered with the Kanto Financial Bureau under registration number Kinsho 69,
and a member of Japan Securities Dealers Association, Financial Futures Association of Japan Type Il Financial Instruments Firms Association, and
Investment Management Association of Japan. Sales and purchase of equities are subject to commission pre-determined with clients plus consumption
tax. See company-specific disclosures as to any applicable disclosures required by Japanese stock exchanges, the Japanese Securities Dealers
Association or the Japanese Securities Finance Company.
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Ratings, coverage universe and related definitions

Buy (B), Neutral (N), Sell (S) Analysts recommend stocks as Buys or Sells for inclusion on various regional Investment Lists. Being assigned a Buy or Sell
on an Investment List is determined by a stock’s total return potential relative to its coverage universe. Any stock not assigned as a Buy or a Sell on an
Investment List with an active rating (i.e., a stock that is not Rating Suspended, Not Rated, Early-Stage Biotech, Coverage Suspended or Not Covered), is
deemed Neutral. Each region manages Regional Conviction Lists, which are selected from Buy rated stocks on the respective region’s Investment Lists
and represent investment recommendations focused on the size of the total return potential and/or the likelihood of the realization of the return across
their respective areas of coverage. The addition or removal of stocks from such Conviction Lists are managed by the Investment Review Committee or
other designated committee in each respective region and do not represent a change in the analysts’ investment rating for such stocks.

Total return potential represents the upside or downside differential between the current share price and the price target, including all paid or
anticipated dividends, expected during the time horizon associated with the price target. Price targets are required for all covered stocks. The total
return potential, price target and associated time horizon are stated in each report adding or reiterating an Investment List membership.

Coverage Universe: A list of all stocks in each coverage universe is available by primary analyst, stock and coverage universe at

https://www.gs.com/research/hedge.html.

Not Rated (NR). The investment rating, target price and earnings estimates (where relevant) are removed pursuant to Goldman Sachs policy when
Goldman Sachs is acting in an advisory capacity in a merger or in a strategic transaction involving this company, when there are legal, regulatory or
policy constraints due to Goldman Sachs’ involvement in a transaction, and in certain other circumstances. Early-Stage Biotech (ES). An investment
rating and a target price are not assigned pursuant to Goldman Sachs policy when this company has neither a drug, treatment or medical device that
has passed a Phase Il clinical trial nor a license to distribute a post-Phase Il drug, treatment or medical device. Rating Suspended (RS). Goldman Sachs
Research has suspended the investment rating and price target for this stock, because there is not a sufficient fundamental basis for determining an
investment rating or target price. The previous investment rating and target price, if any, are no longer in effect for this stock and should not be relied
upon. Coverage Suspended (CS). Goldman Sachs has suspended coverage of this company. Not Covered (NC). Goldman Sachs does not cover this
company.

Global product; distributing entities

Goldman Sachs Global Investment Research produces and distributes research products for clients of Goldman Sachs on a global basis. Analysts based
in Goldman Sachs offices around the world produce research on industries and companies, and research on macroeconomics, currencies, commodities
and portfolio strategy. This research is disseminated in Australia by Goldman Sachs Australia Pty Ltd (ABN 21 006 797 897); in Brazil by Goldman Sachs
do Brasil Corretora de Titulos e Valores Mobiliarios S.A.; Public Communication Channel Goldman Sachs Brazil: 0800 727 5764 and / or
contatogoldmanbrasil@gs.com. Available Weekdays (except holidays), from 9am to 6pm. Canal de Comunicagdo com o Publico Goldman Sachs Brasil:
0800 727 5764 e/ou contatogoldmanbrasil@gs.com. Horario de funcionamento: segunda-feira a sexta-feira (exceto feriados), das 9h as 18h; in Canada
by Goldman Sachs & Co. LLC; in Hong Kong by Goldman Sachs (Asia) L.L.C.; in India by Goldman Sachs (India) Securities Private Ltd.; in Japan by
Goldman Sachs Japan Co., Ltd.; in the Republic of Korea by Goldman Sachs (Asia) L.L.C., Seoul Branch; in New Zealand by Goldman Sachs New Zealand
Limited; in Russia by OO0 Goldman Sachs; in Singapore by Goldman Sachs (Singapore) Pte. (Company Number: 198602165W); and in the United States
of America by Goldman Sachs & Co. LLC. Goldman Sachs International has approved this research in connection with its distribution in the United
Kingdom.

Goldman Sachs International (“GSI”), authorised by the Prudential Regulation Authority (“PRA”) and regulated by the Financial Conduct Authority
(“FCA”) and the PRA, has approved this research in connection with its distribution in the United Kingdom.

European Economic Area: Goldman Sachs Bank Europe SE (“GSBE”) is a credit institution incorporated in Germany and, within the Single Supervisory
Mechanism, subject to direct prudential supervision by the European Central Bank and in other respects supervised by German Federal Financial
Supervisory Authority (Bundesanstalt fiir Finanzdienstleistungsaufsicht, BaFin) and Deutsche Bundesbank and disseminates research within the
European Economic Area.

General disclosures

This research is for our clients only. Other than disclosures relating to Goldman Sachs, this research is based on current public information that we
consider reliable, but we do not represent it is accurate or complete, and it should not be relied on as such. The information, opinions, estimates and
forecasts contained herein are as of the date hereof and are subject to change without prior notification. We seek to update our research as
appropriate, but various regulations may prevent us from doing so. Other than certain industry reports published on a periodic basis, the large majority
of reports are published at irregular intervals as appropriate in the analyst’s judgment.

Goldman Sachs conducts a global full-service, integrated investment banking, investment management, and brokerage business. We have investment
banking and other business relationships with a substantial percentage of the companies covered by Global Investment Research. Goldman Sachs & Co.
LLC, the United States broker dealer, is a member of SIPC (https://www.sipc.org).

Our salespeople, traders, and other professionals may provide oral or written market commentary or trading strategies to our clients and principal
trading desks that reflect opinions that are contrary to the opinions expressed in this research. Our asset management area, principal trading desks and
investing businesses may make investment decisions that are inconsistent with the recommendations or views expressed in this research.

The analysts named in this report may have from time to time discussed with our clients, including Goldman Sachs salespersons and traders, or may
discuss in this report, trading strategies that reference catalysts or events that may have a near-term impact on the market price of the equity securities
discussed in this report, which impact may be directionally counter to the analyst’s published price target expectations for such stocks. Any such
trading strategies are distinct from and do not affect the analyst’s fundamental equity rating for such stocks, which rating reflects a stock’s return
potential relative to its coverage universe as described herein.

We and our affiliates, officers, directors, and employees will from time to time have long or short positions in, act as principal in, make a market or act as
liquidity provider in, and buy or sell, any securities, derivatives, or other financial instruments referred to in this research (including any financial
instruments issued by the companies referred to herein), unless otherwise prohibited by regulation or Goldman Sachs policy.

The views attributed to third party presenters at Goldman Sachs arranged conferences, including individuals from other parts of Goldman Sachs, do not
necessarily reflect those of Global Investment Research and are not an official view of Goldman Sachs.

Any third party referenced herein, including any salespeople, traders and other professionals or members of their household, may have positions in the
products mentioned that are inconsistent with the views expressed by analysts named in this report.

This research is not an offer to sell or the solicitation of an offer to buy any security in any jurisdiction where such an offer or solicitation would be illegal.
It does not constitute a personal recommendation or take into account the particular investment objectives, financial situations, or needs of individual
clients. Clients should consider whether any advice or recommendation in this research is suitable for their particular circumstances and, if appropriate,
seek professional advice, including tax advice. The price and value of investments referred to in this research and the income from them may fluctuate.
Past performance is not a guide to future performance, future returns are not guaranteed, and a loss of original capital may occur. Fluctuations in
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exchange rates could have adverse effects on the value or price of, or income derived from, certain investments.

Certain transactions, including those involving futures, options, and other derivatives, give rise to substantial risk and are not suitable for all investors.
Investors should review current options and futures disclosure documents which are available from Goldman Sachs sales representatives or at
https://www.theocc.com/about/publications/character-risks.jsp and https://www.goldmansachs.com/disclosures/cftc_fcm_disclosures. Transaction
costs may be significant in option strategies calling for multiple purchase and sales of options such as spreads. Supporting documentation will be
supplied upon request.

Differing Levels of Service provided by Global Investment Research: The level and types of services provided to you by Goldman Sachs Global
Investment Research may vary as compared to that provided to internal and other external clients of GS, depending on various factors including your
individual preferences as to the frequency and manner of receiving communication, your risk profile and investment focus and perspective (e.g.,
marketwide, sector specific, long term, short term), the size and scope of your overall client relationship with GS, and legal and regulatory constraints.
As an example, certain clients may request to receive notifications when research on specific securities is published, and certain clients may request
that specific data underlying analysts’ fundamental analysis available on our internal client websites be delivered to them electronically through data
feeds or otherwise. No change to an analyst’s fundamental research views (e.g., ratings, price targets, or material changes to earnings estimates for
equity securities), will be communicated to any client prior to inclusion of such information in a research report broadly disseminated through
electronic publication to our internal client websites or through other means, as necessary, to all clients who are entitled to receive such reports.

All research reports are disseminated and available to all clients simultaneously through electronic publication to our internal client websites. Not all
research content is redistributed to our clients or available to third-party aggregators, nor is Goldman Sachs responsible for the redistribution of our
research by third party aggregators. For research, models or other data related to one or more securities, markets or asset classes (including related
services) that may be available to you, please contact your GS representative or go to https://research.gs.com.

Disclosure information is also available at https://www.gs.com/research/hedge.html or from Research Compliance, 200 West Street, New York, NY
10282.

© 2026 Goldman Sachs.

You are permitted to store, display, analyze, modify, reformat, and print the information made available to you via this service only for your own use. You
may not resell or reverse engineer this information to calculate or develop any index for disclosure and/or marketing or create any other derivative
works or commercial product(s), data or offering(s) without the express written consent of Goldman Sachs. You are not permitted to publish, transmit,
or otherwise reproduce this information, in whole or in part, in any format to any third party without the express written consent of Goldman Sachs.
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otherwise develop or improve a machine learning or artificial intelligence model or system, or provide or reproduce this information, in whole or in part,
as a prompt or input to any such system without the express written consent of Goldman Sachs. Furthermore, you may not bulk download this
information, or employ any robot, spider, crawler, scraper, automated agent, or other electronic means to scrape, harvest, extract, or retrieve this
information, without the express written consent of Goldman Sachs. A breach of the above terms may result in termination of your right to access this
service.
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