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ABF market update: Hot Chips 34 key takeaways; content
enrichment to drive supply tightness

According to our recent supply chain checks and the 2022 Hot Chips 34 event (here), James Wang
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chip performance, which we believe should lead to larger IC size and more complex
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technology later this year, and Nvidia will launch its first 2.5D packaged server GPU
in TH23, which all suggests a strong 2.5D/3D packaging technology upgrade trend
should accelerate in the coming years. We provide a recent update for key CPU/GPU
etc ICs below and expect the packaging technology upgrade trend will continue to
drive overall ABF products’ spec and suggest long-lasting ABF supply tightness.
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Exhibit 1: Advanced packaging ABF demand overview (assuming no ABF capacity constraints)

2020 2021 2022E 2023E 2024E 2025E
Server CPU 2 5D/3D packaging adoption rate 6% 10% 15% 52% 84% 100%
OT CPU 2.56DJ3D packaging adoption rate 18% 18% 19% 21% 37% 84%
GPU/FPGAJASIC Al accelerator 2 5Df3D0 packaging adoption rate 1% 1% 5% 20% 40% 60%
Networking (FPGA/ASIC) 2 5D/3D0 packaging adoption rate 35% 46% 54% 55% 56% 56%
Cthers IC 2.50/3D packaging adoption rate 1% 1% 5% 20% 3% 56%
As % of total logic IC shipment 16% 18% 21% 30% 45% 75%
Average die per 2.5D/3D IC 2.5 25 3.0 3.0 3.5 3.5
2.5D/3D designed IC ABF consumption as % of total ABF consumption 38% 4% 47% 58% 2% 91%
Total ABF demand (US$bn) assuming ne supply constraints 5.0 74 10.0 13.5 18.3 251
Total 2.5D/3D IC ABF demand (US$bn) assuming no supply constraints 1.9 30 4.7 78 13.2 229
YoY 61% 55% 67% 70% 73%

Source: Company data, Goldman Sachs Global Investment Research
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Key PC CPU/GPUs update:
Intel Meteor Lake PC CPU

Intel announced at the Hot Chips 34 event that it will launch and ship the Meteor Lake
CPU in 2023 (we only expect very small volume shipment in 2H23), which will be the
first Intel client CPU packaged by the advanced packaging technology (which is a 3D
Foveros packaged IC; Intel 4 CPU tile + TSMC 5nm GFX tile+ TSMC 6nm SoC tile and
IOE tile) with 50% + more ABF capacity consumption (including yield rate loss)
compared to Alder Lake/Raptor Lake generation, and should suggest strong PC ABF
demand (45% of the total ABF substrates market demand in 2022E; Exhibit 16) growth
in coming years. Moreover, Intel also announced plans to launch its new Arrow Lake
products in 2024, which are also based on 3D packaging technology, and suggest a
strong ABF substrates demand growth rate in the long term.

AMD Raphael (Ryzen 7000 series) PC CPU

The Raphael PC CPU’s component suppliers have already started mass production (CPU
socket/ ABF substrates) in August, and the IC will come to the market in the coming
months this year, which consumes 20%+ more ABF substrate area per IC compared to
the past generation products (from 8-10 layers in the previous generation to 10-12 layers)
with even higher ABF capacity consumption, considering the yield rate loss for
producing higher layer count products.

AMD RDNA3 PC GPU

We believe AMD will launch its new RDNA3 PC GPU in the coming months, which will
be the first PC GPU to adopt 2.5D packaging technology, with 80%+ more ABF capacity
consumption compared to the previous generation, which should also benefit ABF
suppliers.
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Exhibit 2: Comparison between 3 different packaging designs
performance

Company Intel AMD TSMC
Chip Stratix 10 Zen N.A
Technology EMIB MCM CoWoS
Channel 1mm N/A 500 um
Chiplet 1/0 bumps pitch 55um 150um 40um
Interconnect AIB IF LIPINCON
Data Rate 2GT/s 10.6GT/s 8GT/s
Power consumption 1.2pJ/bit 2pJ)/bit 0.56 pJ/bit

Exhibit 3: Intel Foveros packaging design

Source: Company data

Source: Company data

Exhibit 4: We believe overall PC CPU ABF content per IC will grow
by a 29% 2022-25E CAGR
Rebased ABF content per IC in 2020 as 1
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Exhibit 5: We believe overall PC GPU ABF content per IC will grow
by a 24% 2022-25E CAGR
Rebased ABF content per IC in 2020 as 1

3.00

2.50 24% 2022-25E
CAGR

2.00
1.50
1.00
- I I I
2020 2021 2022E 2023E 2024E 2025E

mhvidia wAMD

Source: Company data, Goldman Sachs Global Investment Research

Key server CPU/GPUs update:

AMD Genoa server CPU

Source: Company data, Goldman Sachs Global Investment Research

25 August 2022

According to our supply chain check, AMD Genoa will launch in TH23, which is based on
chiplet packaging technology, with 50% + more ABF capacity consumption compared to
the Milan generation product (both ABF packaging size and layer count are higher than
Milan), which should drive the overall ABF substrates demand in 2023/24E, and suggest
better ASP for ABF substrates suppliers.

Intel Eagle Stream server CPU

Intel Eagle Stream should start mass production from TH23 with small volume
production starting from 2H22, according to our supply chain check. For the ABF
capacity consumption, given the slightly larger packaging size and higher layer count
compared to the old Whitley product, the ABF consumption is 50%+ higher than
Whitley (given the Eagle Stream is the first EMIB packaged Intel server IC). We
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therefore believe the Intel server ABF substrates players should benefit from the strong
demand growth in 2023/24E.

Nvidia Hopper server GPU

Nvidia will launch the new Hopper server GPU in 1H23, which is the company’s first
2.5D packaging server GPU (2 dies packaged in one IC) with 100%+ ABF consumption
given the larger packaging size and higher layer count, which should be the key driver for
the ABF suppliers in coming years. However, Nvidia's overall order demand will likely be
weak in 4Q22 given it still holds high inventory on hand (see here; Kinsus and NYPCB
already saw Nvidia cut 4Q22 orders), and it might want to digest more inventory before
launching the new GPU platform in 1TH23.

Exhibit 6: Server CPU ABF content per IC to grow by a 30% 2022-25E Exhibit 7: We believe the server GPU ABF content per IC will grow

CAGR significantly in coming years with more chiplet designed products
Rebased ABF content per IC in 2020 as 1 launched
Rebased ABF content per IC in 2020 as 1
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3.00 30% 2022-25E h 43% 2022-25E
CAGR 850 CAGR
2.50 3.00
2.00 2.50
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1.50
1.50
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2020 2021 2022E 2023E 2024E 2025E
mNvidia = AMD
untel = AMD
Source: Company data, Goldman Sachs Global Investment Research Source: Company data, Goldman Sachs Global Investment Research

25 August 2022 4



Goldman Sachs

Greater China Technology

Exhibit 8: PC/server CPU roadmap

Codename [Series) [Platfom) Launch quarter Package [pin-count]  Package size (mm) Package dimension {mm2)

amm Sandy Bridge 1011 LGATTSS 3757315 1,408 up 10 B39

2nm vy Bridge 22 FOLGATIEE A5 1406 up 1o G249

22nm Hasell 2013 FCLGAT150 ATETIE 1,408 up 1o 699

1dnm Broadwell (C 1015 FOLGATIS0 35S 1406 up 1o 356

14nm Broadwell (R | 15 FCBGA1364 IT5TIA 1.406 up 0 1723

14nm 35 FOLGAT151 IEIE 1406 up 1o 330

1d4nm Skylake (X ) a7 FCLGAZIGE 5257450 2383 Lp to 1800

14nm Kaby Lake a7 FCLGAT151 375 1.408 up 10 350

Inted 1dnmi+ Coffes Lake A7 FOLGATIST AEIE 1.406 up o 1570
T4+ Casade Lake (19 X) 4014 FGLGAZIGE G25%46.0 236 up 1o 599

T4nmr+++ Comet Lake 2020 FoLGA1200 AT 1.406 up 1o 450

T4+ +4++ Rocket Lake: 4000 FoLGA1200 /LIS 1.406 up to 589

Desktep CPU intel 7 ipreviows Inel 1inms++) Alger Lake 4021 FOLGATTO0 45.0%37.5 1680 up 1o 589
Inbel 7 jprevious Imel 10nmé-+e+) Ragptar Lake 2H2IF FCLGAITO0 46.0%375 1338 TRA

Intal 4 jprevious Inel Fnm) & Extema M5 Melgor Lake 2HIN02AF FCLGATBS1 46.0%37.5 1638 TEA

Itel 204 (previous Intel Snmi) & Exemal N3 Armov Lake 224 FGLGATBST 450975 1688 TEA

Intel 184 {previous Intel 3nmj) Lurar Lake H2EF TaA TEA TBA

14nm Summit Ridge 1oy pOPGA-1331 40.0%40.0 1,300 up 1o 448

14nm Sumenit Ridga (TR) a7 FOLGA-9004 5054754 441 A

AND 12nm Pirnacle Ridpe 208 WOPGA-1331 40.0%40.0 100 up to 3880
Trm Matisse k=L pOPGA-1331 40.0%40.0 1,800 Lp ta 3890

Trme Vemreer 4020 HOPGA-1331 40.0%40.0 1.600 up 1o B4G

Sem Raphael 2H2IF WOPGA-1T18 400%40.0 1600 THA

m Granie Ridge 202HZAF WOPGA-1T18 TBA TEBA TBA

3nm Sandy Bridge [Romiey] o LGA 1156 ATEETE 1408 up b 3618

2inm luy Bridge (Xeon E3)[Romiey] 2z FOLGA 1155 3T5731A 1.406 up 1o B85

2anm Iwy Bridge (Heon E7)[Romiey] Q4 FOLGA 201 52.0745.0 2430 g 1 BEH

22nm Haswell [Grantiey] 2013 FCLGA 1150 ATEIE 1,408 up ta 774

14nm Broadwell (Pantinum T [Grantley] s FCBGA 1867 ATATETA 1.406 up 10 200

14nm Broadwell (Xeon E3) [Grantiey] = ] FOLGA 1150 ATETETE 1.408 up 10 556

{dnm Broadwell (Meon 5, E7) [Grantley] 106 FCLEA 204 1 4504505 2363 wpta diiE

14nm Shkylake [Puriey] 4015 FCLGA 1151 ELER I 1.406 up b 3115

o Tanm Skylake (Hoh performance| [Furiay] a7 FOLGA 3647 T6.0%50.5 4294 upto 13001
14nmer Cascade Lake (High peromance) [Furey] m L] FOLGA 3647 TE.O™56.5 4294 upto 17806

tdnme++ Cocper Lake [Cedar siand] 2000 FCLGA 4180 TTE55 4378 upta 13012

1O Ice Lake [Whithery| 1o FCLGA 4189 TIE*565 4370 up to BOAY

Server CPU . . . WG version: T8 04671 HCG verson: 4446

Intel 7 jprevious Imel 10nm++) Sapphire: Rapids [Eag le Stream| 1H23F FCLGA 9877 HEM wersian: 100 05570 HEM wersion 5700 TRA

bl 7 (previows el 1inme+) Ermerald Repids [Eagles Stream] 2H2HF FOLGA 4677 BD0°58.0 (TBA} 4720 (TBA) THA

Intel 3 (previous Imel Fnms) Granie Rapids [Mauntain Stream P-care] H24F FCLGA 4677 B20°61 0 (TRA} 5002 (TBA) TBA

Inbel 3 (previous Indel Fnms) Sierra Forest [Maurtain Stream E-core| 2024F FCLGA 4677 B2 0°61 0 (TEA} 5002 (TBA) TBA

14nm EFYC Naples 2T FOLGA4D24 S50.57T5.4 4411 Lp 1 4200

Trm EPYC Rome =1L FCLGAA0GY 5054764 441 up ta 6580

Treme+ EFYC Milan 1o FCLGAAM4 SHETH4 4411 up ta TS0

AND Treree EFYC Milan X 1022 FCLGAADY, 58.5775.4 141 Lp to BBOD
Srm EPYC Genoa 1HZHF FOLGAGISE 204764 5420 THA

Bom EPYZ Bergarmo 2H2IF FCLGABDSE T20TEA4 5420 TRA

Inm ERYC Tum 24255 FOLGABIOE TBA TBA TBA

Source: Company data, Goldman Sachs Global Investment Research

Other ICs update

Intel’s server GPU Ponte Vecchio and Nvidia's new Grace server CPU (launch in 1H23
together with Hopper server GPU) will both adopt the advanced packaging technology,

which should continue to suggest a higher advanced packaging IC penetration rate;
however, we don’t expect the volume demand for both products to be significant in

2023, and should only suggest limited upside for the overall ABF substrates industry

given the small volume.

On the other hand, Tesla announced the details of its DOJO super computer system
micro-architecture at Hot Chips 34. The Dojo Al system is for the company Al training for

self-driving system, which is built by the company’s owned D1 die (die-size 645mm?2).

The company packages 25 D1 computing dies (6*5 D1) and 40 I/O dies in one Dojo

training tile package by heterogeneous RDL, with liquid cooling and mechanical

packaging inside the tile, and the tiles are scalable with their own interconnected

technology.

Other ICs mentioned at Hot Chips 34 included China vendor Biren's BR100 GPGPU (die
size at 1,074mm2 vs. Nvidia's Ampere of 826mm?2), which suggests the strong

packaging technology upgrade trend will accelerate not only in the US semi industry but

also in the China semi market, and benefit ABF players who have capacity in China.

25 August 2022



Goldman Sachs Greater China Technology

Exhibit 9: Intel Ponte Vecchio GPU diagram - EMIB + Foveros
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Exhibit 10: Tesla Dojo Training Tile design
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Exhibit 11: Nvidia Grace CPU design diagram - a chiplet designed ARM based CPU
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Our thoughts

We believe the IC suppliers’ positive attitude on adopting advanced packaging
technology in their high-performance IC in coming years should continue to drive the
packaging size of new ICs and suggest more complex ABF substrates design, just as
we mentioned in our early 2022 ABF industry report (here). We believe the growing
packaging size and more complex ABF substrates design will continue to drive the
overall ABF substrates market demand, and is irreversible. As such, we believe the
long-term ABF market size will continue to grow (Exhibit 13) with the increasing 2.5D/3D
packaging penetration rate (Exhibit 1) which should lead to a higher ABF substrates layer
count and larger packaging size for ICs. Also, the potentially lower yield rate given more
high-layer count product launches could make the ABF substrates capacity consumption
growth rate even higher, and lead to tighter supply demand conditions.

For ABF ASP we continue to believe the spec upgrade given the increasing penetration
rate of advanced packaging IC will drive better ABF ASP in the long term, as the IC
packaging technology upgrade seems to be the key focus for IC suppliers in the coming
years (players mainly focused on semi front-end process upgrade before 2019). We
believe ABF suppliers can still enjoy a favorable ASP trend (Exhibit 12) given spec
upgrade even excluding the like-forlike base pricing hike after 2023 (NYPCB and Kinsus

25 August 2022 7
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believe the like-forlike base ABF substrate pricing hike will be less frequent after 2023,
given the already high base in 2022).

Overall, we maintain our positive view on ABF substrates suppliers in the coming years,

given the upgrading spec, which should not only drive ABF suppliers’ product ASP but
also suggest favorable ABF substrates demand growth, given the higher ABF capacity
consumption. However, the recent semi industry demand slowdown given ongoing
inventory digestion (TSMC believes the inventory digestion should last for few quarters -
here) suggests nearterm ABF substrates demand volatility, which could more or less
impact on substrates players’ revenue/GM growth rate in 2H22, but we expect the
demand to come back rapidly in 2023. Maintain Buy on NYPCB/Kinsus/Unimicron.

Exhibit 12: Taiwan ABF substrates suppliers’ ASP growth rate will
continue to be strong in the coming years, despite no (or limited)
like-for-like base pricing hikes after 2023

Rebased 2018 ABF ASP at 1
3 25%
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25
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Exhibit 13: ABF demand (US$bn) to deliver solid growth in the
coming years
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Exhibit 14: ABF industry utilization rate to remain tight with solid
demand uptrend
ABF revenue (NT$mn)
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Exhibit 15: We expect ABF suppliers to continue to enjoy strong
OPM growth
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Exhibit 16: ABF substrate demand breakdown by end markets
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Exhibit 17: Key ABF suppliers’ capacity expansion calendar
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Exhibit 18: Our Unimicron ABF key assumptions

2017 AiE 29 2020 21 zomE  mak  z0mE
ABF revenue (NT $mn) 14473 17,573 20,685 26,295 42 845 77,403 96,367 122934

Revenue YoY 66% 21% 18% 7% 63% 81% 2% 25%
Shipment growth 66% 19% 14% 2% 49% 55% 13% 19%
ASP growth 0% 2% 4% 4% 9% 17% 12% 5%
Utlization rate 75% 85% 86% 97% 112% 12% 123% 122%
ABF capacity increase 0% 5% 13% 7% 30% IN% 22% 20%
ABF ASP (2017 rebased at1) 1.00 1.02 1.06 1.10 1.21 141 1.58 1.65
ABF GM 15.2% 18.1% 21.0% 22.6% 34.7% 50.7% 52.0% 52.8%

COGS 0.85 0.84 0.83 0.85 0.79 0.69 0.76 0.78
M aterial 0.47 0.47 0.47 0.49 0.50 0.52 057 0.59
Labor 0.08 0.08 0.08 0.08 0.07 0.05 0.04 0.04

Overhead 0.30 0.29 0.28 0.28 022 0.12 0.15 0.15
ABF OPM 6.3% 8.8% 12.6% 125% 24.6% 42.0% 43.4% 44.5%
ABF OP (NT & mn) 916 1,553 2600 3,296 10,558 32,547 42 740 54,755

% of Unimicron's total OP -B8928% 112% 74% 82% 80% B86% 93% 95%
Source: Company data, Goldman Sachs Global Investment Research

25 August 2022 9
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Exhibit 19: Our NYPCB ABF key assumptions

2017 2018 2019 2020 2021 2022 2023E 2024E
ABF revenue (NT $Smn) 8,519 9,758 11957 17,588 26,462 38,686 S46%8 66,948
Revenue YoY 1% 15% 23% 4% 50% 46% 41% 22%
Shipment growth -10% 10% 14% 2%% 18% 9% 28% 17%
ASP growth 1% 0% T% 21% 28% 4% % 5%
Utilization rate %% 64% 78% 9% 98% 99% 9% 99%
ABF capacity increase 0% 0% 1% 5% 7% 18% 22% 9%
ABF ASP (2017 rebased at 1) 1.00 1.00 1.07 1.29 166 222 241 2.53
ABF GM (6.5%) (4.2%) 12.48% 23.3% 39.6% 52.3% 55.1% 56.1%
COGS 1.07 1.07 0.94 0.99 100 1.06 1.08 1.1
M aterial 0.59 0.59 0.59 0.61 063 0.66 0.66 0.66
Labor 0.11 0.11 0.07 0.08 007 0.07 0.08 0.08
Overhead 0.37 0.37 0.28 0.30 0.30 0.33 0.34 0.37
ABF OPM A21% 9.6% 7.4% 19.1% 36.7% 48.4% 53.4% 55.8%
ABF OP(NT $ mn) (1,034) (934) 889 3,353 9723 18,719 29,224 37,324
% of NYPCB's total OP 57% 79% 1247% B82% 76% 83% 91% 91%
Source: Company data, Goldman Sachs Global Investment Research
Exhibit 20: Our Kinsus ABF key assumptions
2017 2018 2019 2020 20 2022 2023E 2024E
ABF revenue (NT Smn) 4173 4544 5,506 8,185 12,990 23,926 35,287 47210
Revenue YoY 11% 19% 49% 59% 84% 47% 34%
Shipment growth 10% 16% 40% 44% 62% 33% 2%
ASP growth 1% 2% 6% 10% 14% 1% 5%
ABF capacity increase 0% 5% 3IT% 42% 4% 52% 24%
ABF ASP (2017 rebased at 1) 1.00 1M 1.04 1.10 1.1 1.38 1.53 1.60
ABF GM 33.0% 35.6% 30.7% 32.7% 36.6% 44.8% 46.2% 47. 2%
COGS 0.67 0.65 0.72 0.74 0.77 0.81 0.82 0.85
M aterial 0.37 0.36 0.40 0.41 0.43 0.45 0.49 0.51
Labor 0.07 0.06 0.07 0.07 0.07 0.08 0.08 0.08
Overhead 0.23 0.23 0.25 0.26 0.26 0.28 0.26 0.26
ABF OPM 19.0% 21.6% 15.7% 17.2% 21.1% 298% 30.7% N.T%
ABF OP (NT § mn) 793 1,002 863 1,408 2746 7,138 10,819 14,966
% of Kinsus' total OP 199% 127% -52% 105% 55% 68% 78% B0%
Source: Company data, Goldman Sachs Global Investment Research
Exhibit 21: Unimicron’s P&L
NTSmn 1011 01 3021 4021 1032 2032  3QiE AQiFE 10Q23E 3Q33E  3QI3E 4023E 2020 2021 20E2E 2023E 2024E
Revenue 21823 24031 28145 30564 30711 35635 36,509 37.234 36007 3B.14F 45346 47321 87.803  104.563 140260  166.819  197.186
Gross profit 3766 4550 6792 8466 0923 13469 13393 13712 13030 13940 16572 17463 12828 23663 50497  51.005 75.133
Operating expenze (2521)  (2606) (2618) (2,748) (2734) (3,119) (3376} (3574) (3532) (3635)  (3959) (3994) (B,811)  [10,493) (12803) (15120) {17,282)
Operaling incoms 1234 2044 4174 6718 7,989 10350 10,016 10139 9498 10305 12613 13469 4017 13170 3763 45885 57,851
Pratax income 258 2374 6302 6406 7,491 11108 10,176 10,303 5651 10454 12,762 1369 5,234 16629 39077 46666 58,01
Taxes axpense (363)  (549)  (864) (1.240) (1.805) (2.720) (2.137) (2.164) (2.027) (2.609) (2.680) (2672 (917)  (3.104)  (5.635)  (9.887) (12.317)
Net income 2183 1828 4215 4996 65667 8030 7914 7984 7404 7825 10062 10717 5462 13292 20635 36058 45073
EPS.NTS 149 1.24 2.7 338 3.85 544 536 5.41 5.02 530 5.81 730 374 8.98 20.06 74.44 30.55
Ratio analysis and assumption
As % of sales
Grose margin 172% 194% 241% 277% 323% 37B% 365% 368%  362% 365%  366%  369% 146%  226% 36.0% 36.6% 38.1%
Operating expense ratio 1M6% 108%  93%  90%  89%  88%  92% 96%  98%  95%  8.7% B4% 10.0% 10.0% 9.1% 9.1% 3.8%
Operating margin E7%  B5% 148% 187% 234% 290% 273% 272% 264% 270% 27 8% 2B5% 45% 126% 26.9% 27 5% 293%
Net margin 100%  76% 150% 163% 185% 295% 216%  214%  206%  205%  222%  228% 52%  126% 211% 21 6% 22 8%
Qoll growth [%)
Revenue 33%  101% 171%  86%  05% 160%  3.0% 14%  -33%  59%  18.9%  44% - -
Gross profit 174%  238% 4B1%  246%  172% 357%  -08%  24%  B50% 7%  18.9% 4%
Operating income T5.1%  B56% 1042%  370% 257%  440%  13% 12%  63%  B5% 224% 5.8%
Net income 56% 163% 1306% 186%  134% 417%  14% 09% -T3%  G/% 285% 72% - -
Yo¥ growth (%)
Revenue 51% 10.7% 222% 354%  407% 483% 304% 218%  17.2%  70%  236%  271% 5% 19% 34% 19% 18%
Grose profit 314%  360% 1027% 1646% 1642% 1897% 970% 620%  513%  35% 037%  274% 13% 34% 3% 1% 73%
Operating income 447%  b548% 2668% T7109% 4824% 4064% 1399% 773% 321%  04%  259%  32.9% 15% 228% 186% 22% 26%
Ilef incom 4701% 27 3% 1647% 1438% 1605% 3394% 87/ 8% B98% 7%  P6% Jr0% 360% 53% 147% 124% 2% 25%
Source: Company data, Goldman Sachs Global Investment Research
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Exhibit 22: NYPCB's P&L

NT$mn g 2021 oA 402 1022 2023 3QE  AQ2E 1023 202E 3023 4Q23E 2020 20 2022E 2023E 2024E
Revernue 0,856 12485 14414 14774 44 562 15186 16752 16755 164493 20 087 22547 22537 8513 5222 53 255 A1.665 99,739
Gross prof it 2200 3.370 4 408 4905 5393 5,943 6,675 6,976 £ TA3 766 9,616 89773 5,752 14,863 24 5986 34,808 44 079
Operating expenss (466) [495) (529) |523) [608) (561} (5B5) (578) (520) [E15) (699} (EBT) (1.644) (2,012} (2,329) (2,621) (2,942)
Opsrating income 104 2675 1,873 4382 4,786 5,382 6,090 5,338 6133 8.151 8917 2,066 4108 1287 22 656 J2Z8T 41,136
Pretax income 1343 2,893 4074 4286 5215 6.0T7 6121 6428 6173 8.182 9.048 9117 4003 13005 231,841 32419 41.268
Taxes expens: (258) [564) (950) [731)__(1.331) __(1.213) (1347} [1414) (1420 (1.B00)  (1.969) (2.097) [337) (2514}  (5.304)  (7.285)  (9.289)
Met income 1565 2 320 3113 3554 3 B84 4 364 4774 5.014 4753 6 382 6,979 020 3 666 10,552 13 536 25134 31983
EPS,NTS 245 3.60 A.82 350 5.01 7.53 139 T.06 1.36 9.88 10.80 10.86 5.67 16.38 28.69 38.90 48,50
Ratio analysis and as sumption

As % of sales

Gross margin 20 3% 27.0% 31.2% J32% T 0% 381% 39.8% 41.6% 40.9% 43 6% 42 6% 43 4% 149% 28 5% 358.6% 42 7% 44 2%
Operating expenss ratio 4.3% 4.0% 7% A5% 4.2% 3.7% 3.5% 35% 3.8% 31% 1% 3 1% 4.3% 3 9% 7% 3.2% 0%
Opsrating margin 16.0% 23.0% 27.5% AT 370% 35.4% J64%  382% 3T 2%  406% JHa%  403% 10.7% 24 % 35.8% 39.5% 41.2%
Iet margin 14 6% 18.7% 22 1% M41%  267% 32.0% 285%  299%  2B8%  318% 31.0% I 1% 9.5% 20 3% 29.3% 30 8% 321%
Qo0 growth (%)

Revenue -1.2% 15.0% 13.0% 47% -1.4% 4.3% 10.3% 0.0% -1.6% 21.8% 12.2% 0.0%

Gross prafit 16.6% 53.2% I0.5% 11.3% B.9% 10.2% 12.3% 45% -3.2% 29.8% 8.T% 1.6% - - - - -
Qperaling income 19.9% 65.8% 34.9% 13.0% 9.2% 12.4% 13.1% 5.1% S% 329% 94% 1.5% - - - - -
Met income 19.5% 46.9% 153.7% 14.2% 9.3% 252% -1.8% 5.0% -52%  343% 94% 0.6%

Yol growth (%)

Revenue T 1% 37 4% 34.3% A% A% 21.6% 18.7% 134% 433% 323% 34.6% 34 5% 245 16% 2% 29% 22%
Gross proft B0 6%  1436%  159.7%  1599% 451% TEA% 51.4% 42 2% 25.2% 47 5% 44.1% 40 1% 254% 15 9% 58% A0% 26%
Operating income 342 2% 1902% 2035%  2030% 176.0% 87 2% 57.0% 46 0% 26.1% A14% 46 4% 42 0% A660% 213% TE% 43% 27%
et incom 230 6% 1T96% 198°5% 16AGH  1401% 108 9% SdA% 4% 2Pd4% 319% 462% 40 0% 1089% 18 3% 5% J6% 27%

Source: Company data, Goldman Sachs Global Investment Research

Exhibit 23: Kinsus’ P&L

NTSmn 1a21 2021 l=Fi] 4021 1G22 2022E 3022E 4Q22E 1023E 20Q23E 3Q23E  4023E 2020 2021 2022E  2023E  2024E
Revenue 7,226 8,720 4.768 9,964 10,14 11,454 12352 12,888 12276 14203 15766 16225 27,088 36673 468819 DB 468 V1,353
Gross profit 1,508 2 365 31222 3,341 3,522 4,249 4704 5,046 4,726 5,583 6,229 6,500 5,819 10526 17522 23037 20693
Operafing expense (1L161)  (1,279) (1530} (1.5&1) (1440) (1,519) (2001) (2.054) (1.015) (2130) (2475) (2.564) [4470)  (5521)  (7.022) (0.084) (11.060)
Cperating income: 438 1,086 1,691 1,790 2074 2,730 2703 2,993 2811 3,453 3754 3,936 1,341 5005 10500 13853 18633
Prefag income 461 1,131 1,806 1,776 2212 2,928 26887 2,073 2776 3,403 3,704 3,901 1,123 5164 10799 13783 18308
Taxes expense (78] (118)  (234)  (241) [491)  (633)  [591)  (654)  (611) [748) (78] (780) [194)  (672) (2.369) (2917} (3.894)
Net income 258 453 1.385 1,363 1,629 2 096 1,961 21084 2015 2 454 2776 3,021 542 3.858 TTE9 10266 132834
EPS, NT$ 0.57 1.89 3.07 3.03 3.39 4.65 4.35 4.84 4.47 5.44 6.16 6.70 1.21 8.56 17.23 22.77 30.91
Ratio analysis and assumption

As % of sales

Gross margin 221%  271%  330% 336% 352% 3T 1% 381% 388% 385% 303% 305% 401% 215%  20A%  3T4%  304% 4H16%
Operaling sxpense ratio 16.1% 14.7%  167% 156%  1458%  13.3%  162%  168%  166%  15.0%  157%  15.8% 18.8% 1656% 150%  1566% 16.5%
Operaling margin 6.1%: 12.4% 17.3% 18.0% 207% 238% 21.9% 23.0% 229%  24.3% 23.8% 24.3% 4.9% 14.0% 22.4% 23.9% 26.1%
MNet margin 36% 9.8% 14.2% 13 7% 15.3% 18.3% 15.9% 16.8% 16.4% 17.3% 17.6% 18 6% 2.0% 10.8% 16 6% 17 6% 10.5%
Qo0 growth (%)

Revenue -4.3%  207T% 11.9% 1.9% 18% 14.4% 7.8% 5.2% -B6%  18TR 11.0% 2.9% - - -

Gross profit -11.9% 48.0% 36.2% 3.7% 5.4% 20.6% 1007 % 7.3% -6.4% 16.1% 11.6% 4.4% - - - - -
Operating income: -201%  148.2% 55.08% 5 8% 15.8% 31.6% -1.0% 10.7% -6.1% 22.8% BT 4 8% - - - - -
Met income 619% 230 4%  624% -16%  122%  37.0% G4%  11.4% TT%  21.8% 131% 88%

Yo growth (%)

Revenue F26%  246%  471%  319%  3846%  31.3%  265%  30.68%  226%  240%  Z76E%  248% 1% 32% 31% 25% 22%
Gross profit 520%  559%  1244% 84 1% 120.4% 79.7% 46.0% 51.0% 34.2% 31.4% 32.4% 28 8% 111% 81% G6% 31% 29%
Operating income M10% 155.3% 4008% 2268% 3741% 151.4% 608% A7 2%  3548% DA A%  3809%  3156% -181% 273% 110% 33% 34%
Het income 2E7A% 264.6% 2241.0% 7020% 4925% 146 7%  41.6% 60.2%  31.07% 17.1%  41.6%  38.3% 127 % 612% 101% 32% 36%

Source: Company data, Goldman Sachs Global Investment Research

Valuation and risks

Unimicron (3037Z.TW, Buy): Reiterate Buy with an unchanged 12-m TP of NT$275
(based on an unchanged 11x 2023E EPS, which is 0.5 s.d. higher than the past 2-year
average one-year forward PE multiple of 10.3x). Key risks: (1) Fasterthan-expected
capacity expansion from other ABF peers, (2) slowerthan-expected smartphone sales,
and (3) further raw material price hikes and NTD appreciation.

NYPCB (8046.TW, Buy): Maintain Buy with an unchanged 12-m TP of NT$430, based on
an unchanged 11x 2023E EPS (0.9 s.d. higher than the past 2-year average one-year
forward PE multiple). Key risks: (1) fasterthan-expected capacity expansion from other
ABF peers, (2) slowerthan-expected smartphone sales, and (3) further raw material
price hikes and NTD appreciation.
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Kinsus (3189.TW, Buy): Maintain Buy with an unchanged 12-m TP of NT$250 (based on
an unchanged 11x 2023E EPS; 0.4 s.d. lower than the past 2-year average one-year
forward PE multiple). Key risks: (1) fasterthan-expected capacity expansion from other
ABF peers, (2) acceleration in China semiconductor localization, and (3)
slowerthan-expected smartphone sales.
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Disclosure Appendix

Reg AC

I, James Wang, hereby certify that all of the views expressed in this report accurately reflect my personal views about the subject company or
companies and its or their securities. | also certify that no part of my compensation was, is or will be, directly or indirectly, related to the specific
recommendations or views expressed in this report.

Unless otherwise stated, the individuals listed on the cover page of this report are analysts in Goldman Sachs’ Global Investment Research division.

GS Factor Profile

The Goldman Sachs Factor Profile provides investment context for a stock by comparing key attributes to the market (i.e. our coverage universe) and its
sector peers. The four key attributes depicted are: Growth, Financial Returns, Multiple (e.g. valuation) and Integrated (a composite of Growth, Financial
Returns and Multiple). Growth, Financial Returns and Multiple are calculated by using normalized ranks for specific metrics for each stock. The
normalized ranks for the metrics are then averaged and converted into percentiles for the relevant attribute. The precise calculation of each metric may
vary depending on the fiscal year, industry and region, but the standard approach is as follows:

Growth is based on a stock'’s forward-looking sales growth, EBITDA growth and EPS growth (for financial stocks, only EPS and sales growth), with a
higher percentile indicating a higher growth company. Financial Returns is based on a stock'’s forward-looking ROE, ROCE and CROCI (for financial
stocks, only ROE), with a higher percentile indicating a company with higher financial returns. Multiple is based on a stock’s forward-looking P/E, P/B,
price/dividend (P/D), EV/EBITDA, EV/FCF and EV/Debt Adjusted Cash Flow (DACF) (for financial stocks, only P/E, P/B and P/D), with a higher percentile
indicating a stock trading at a higher multiple. The Integrated percentile is calculated as the average of the Growth percentile, Financial Returns
percentile and (100% - Multiple percentile).

Financial Returns and Multiple use the Goldman Sachs analyst forecasts at the fiscal yearend at least three quarters in the future. Growth uses inputs
for the fiscal year at least seven quarters in the future compared with the year at least three quarters in the future (on a pershare basis for all metrics).

For a more detailed description of how we calculate the GS Factor Profile, please contact your GS representative.

M&A Rank

Across our global coverage, we examine stocks using an M&A framework, considering both qualitative factors and quantitative factors (which may vary
across sectors and regions) to incorporate the potential that certain companies could be acquired. We then assign a M&A rank as a means of scoring
companies under our rated coverage from 1 to 3, with 1 representing high (30%-50%) probability of the company becoming an acquisition target, 2
representing medium (15%-30%) probability and 3 representing low (0%-15%) probability. For companies ranked 1 or 2, in line with our standard
departmental guidelines we incorporate an M&A component into our target price. M&A rank of 3 is considered immaterial and therefore does not
factor into our price target, and may or may not be discussed in research.

Quantum
Quantum is Goldman Sachs’ proprietary database providing access to detailed financial statement histories, forecasts and ratios. It can be used for
in-depth analysis of a single company, or to make comparisons between companies in different sectors and markets.

Disclosures

The rating(s) for Kinsus, NYPCB and Unimicron Technology is/are relative to the other companies in its/their coverage universe: Advantech
Corp., Airtac International Group, BizLink Holding, Chroma ATE, Delta Electronics, Elite Material, Flexium Interconnect, GCE, Hiwin Corp., ITEQ Corp,
Kinsus, Lotes, NYPCB, Taiwan Union Technology Corp., Unimicron Technology, Win Semiconductors Corp., Yageo Corp., Zhen Ding Technology Holding

Company-specific regulatory disclosures
The following disclosures relate to relationships between The Goldman Sachs Group, Inc. (with its affiliates, “Goldman Sachs”) and companies covered
by the Global Investment Research Division of Goldman Sachs and referred to in this research.

Goldman Sachs beneficially owned 1% or more of common equity (excluding positions managed by affiliates and business units not required to be
aggregated under US securities law) as of the month end preceding this report: Kinsus (NT$125.50) and Unimicron Technology (NT$154.50)

Goldman Sachs has received compensation for non-investment banking services during the past 12 months: NYPCB (NT$270.00)
Goldman Sachs had a non-securities services client relationship during the past 12 months with: NYPCB (NT$270.00)

Distribution of ratings/investment banking relationships
Goldman Sachs Investment Research global Equity coverage universe

Rating Distribution Investment Banking Relationships
Buy Hold Sell Buy Hold Sell
Global 50% 35% 15% 65% 58% 45%

As of July 1, 2022, Goldman Sachs Global Investment Research had investment ratings on 3,132 equity securities. Goldman Sachs assigns stocks as
Buys and Sells on various regional Investment Lists; stocks not so assigned are deemed Neutral. Such assignments equate to Buy, Hold and Sell for
the purposes of the above disclosure required by the FINRA Rules. See ‘Ratings, Coverage universe and related definitions' below. The Investment
Banking Relationships chart reflects the percentage of subject companies within each rating category for whom Goldman Sachs has provided
investment banking services within the previous twelve months.
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Price target and rating history chart(s)

Unimicron Technology | 3037. TW] Stock Prics Currency : Taiwan Dollar NYPCE [E045.TW) Stock Price Currency : Taiwan Dollar
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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; for equity securities, market making and/or specialist role. 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 subject company, public appearances and trading securities held by the analysts.

Distribution of ratings: See the distribution of ratings disclosure above. Price chart: See the price chart, with changes of ratings and price targets in
prior periods, above, or, if electronic format or if with respect to multiple companies which are the subject of this report, on the Goldman Sachs
website at https://www.gs.com/research/hedge.html.

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 the Global Investment Research Division 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 met in 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
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information in relation to CVM Resolution n. 20 is available at https://www.gs.com/worldwide/brazil/area/qir/index.html. WWhere 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, 951-A, Rational House, Appasaheb Marathe Marg, Prabhadevi, 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. 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 and Type Il Financial Instruments Firms Association.
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.

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, Coverage Suspended or Not Covered), is deemed
Neutral. Each region's Investment Review Committee manages Regional Conviction lists, which 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 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) have been suspended 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. 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. Not Available or Not Applicable (NA). The information is not available for display or is not applicable. Not Meaningful
(NM). The information is not meaningful and is therefore excluded.

Global product; distributing entities

The Global Investment Research Division of Goldman Sachs 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 Mobilidrios 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. Horério 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 OOO Goldman Sachs; in Singapore by Goldman Sachs (Singapore) Pte. (Company Number: 198602165W); and in the
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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.

Effective from the date of the United Kingdom'’s departure from the European Union and the European Economic Area (“Brexit Day”) the following
information with respect to distributing entities will apply:

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: GSI, authorised by the PRA and regulated by the FCA and the PRA, disseminates research in the following jurisdictions
within the European Economic Area: the Grand Duchy of Luxembourg, Italy, the Kingdom of Belgium, the Kingdom of Denmark, the Kingdom of
Norway, the Republic of Finland, the Republic of Cyprus and the Republic of Ireland; GS -Succursale de Paris (Paris branch) which, from Brexit Day, will
be authorised by the French Autorité de contréle prudentiel et de resolution ("ACPR") and regulated by the Autorité de contréle prudentiel et de
resolution and the Autorité des marches financiers ("AMF") disseminates research in France; GSI - Sucursal en Espafa (Madrid branch) authorized in
Spain by the Comisién Nacional del Mercado de Valores disseminates research in the Kingdom of Spain; GSI - Sweden Bankfilial (Stockholm branch) is
authorized by the SFSA as a “third country branch” in accordance with Chapter 4, Section 4 of the Swedish Securities and Market Act (Sw. lag
(2007:528) om véardepappersmarknaden) disseminates research in the Kingdom of Sweden; 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 fir Finanzdienstleistungsaufsicht, BaFin) and
Deutsche Bundesbank and disseminates research in the Federal Republic of Germany and those jurisdictions within the European Economic Area
where GSl is not authorised to disseminate research and additionally, GSBE, Copenhagen Branch filial af GSBE, Tyskland, supervised by the Danish
Financial Authority disseminates research in the Kingdom of Denmark; GSBE - Sucursal en Espafa (Madrid branch) subject (to a limited extent) to local
supervision by the Bank of Spain disseminates research in the Kingdom of Spain; GSBE - Succursale ltalia (Milan branch) to the relevant applicable
extent, subject to local supervision by the Bank of Italy (Banca d’ltalia) and the Italian Companies and Exchange Commission (Commissione Nazionale
per le Societa e la Borsa “Consob”) disseminates research in Italy; GSBE - Succursale de Paris (Paris branch), supervised by the AMF and by the ACPR
disseminates research in France; and GSBE - Sweden Bankfilial (Stockholm branch), to a limited extent, subject to local supervision by the Swedish
Financial Supervisory Authority (Finansinpektionen) disseminates research in the Kingdom of Sweden.

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 our Global Investment Research Division.
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 nearterm 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, excluding equity and credit analysts, will from time to time have long or short positions in, act
as principal in, and buy or sell, the securities or derivatives, if any, referred to in this research.

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 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/characterrisks.jsp and
https://www.fiadocumentation.org/fia/requlatory-disclosures_1/fia-uniform-futures-and-options-on-futures-risk-disclosures-booklet-pdf-version-2018.
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 the Global Investment
Research division of GS 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
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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.

© 2022 Goldman Sachs.

No part of this material may be (i) copied, photocopied or duplicated in any form by any means or (ii) redistributed without the prior written
consent of The Goldman Sachs Group, Inc.
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