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In fact, a thousand years of history and contemporary evidence make one thing
abundantly clear: there is nothing automatic about new technologies bringing
widespread prosperity. Whether they do or not is an economic, social, and political
choice.

—Daron Acemoglu
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ARG, 5 — B bk F)E 5B, k28R B A% K (GPU) A% A ASIC
GH (XPU) #9554, ZMHELTRRINLY, AR TE G N RETHER, 95
AGI #9iE R E. % = B2 Al R ATk A eg Al A0, 2R Fis) Bk
HRRAE AR AT, WA B A, s R BT 458 KV Cache 2% /%
ik, HBM 4258 0 sevficst, K412 Al kBB ERARE. FZBR Al T2
BAFHBAT X 5 GAT L Z 8] dG 1k, k2 £ B R F KR ok, XA 2459
Al FAT &, FRHARRFTLeFIER % 2 F IS L.

A& 9 AR token TAEW, KV A4 RRZH EERMEH EBE

Step 1: The apple ﬁ‘ — “sweet”

Step2: | The apple tastes sweet 9 e
[ KV Cache: Store '
K,V for past tokens
avoids recomputing at each step

HAEM: Xu, Y, Khaira, N. K., & Singh, T (2026). KV cache optimization strategies for scalable and efficient LLM inference

F—BEORTRA: AIEHEEX, MAERTH ZREEX (A4 1), ZAEI|AERE
A ERAEX (R 2). BT AEARLFAZHIRA S, Al LE2BEHRAKRPITIES,
XER Al #ATS TR, B R E44E (Chainof Thought ), F+EHE&K TN, Pk Al
B HEAEROWEF TIRER K, mIENANE. T44E (Chain of Thought) #9457,
FEZAEZTIEAA (HBM) ¥, 6B 5N F 94K E (KV Cache ), M L&/ N3f 38
HA2EZ LA GPU £ ZBHEME, BT AR A M R o SAE R0, RA BRI
FEIR | EARAR IR A PR AN KA AT

B 10 KETHEAY ETXREAR KV EE5AEHERELE

—— 7B (0.50 MB/token, 32Lx32H)
100 - ——  13B (0.78 MB/token, 40L x 40H)

—— 70B-GQA (0.31 MB/token, 80L x 8H)
oy S RTX 4090 VRAM (24 GB)
g SO A100 SXM VRAM (80 GB)
2| e 7B weights (14 GB, fp16)
§ 60l 13B weights (26 GB, fp16)
=
[}
5
<
O 40
>
&

0 T~ s
0 7B KV
0 32K 64K 96K 128K
Context Length (tokens)

FAEEIR: Xu, Y, Khaira, N. K., & Singh, T. (2026). KV cache optimization strategies for scalable and efficient LLM inference
Sod ji At LR AR, ARAT AR R fe B T A M E AL S, LRET R
K AL AT Lo —r A, FAhiRe) 7 KA BT GPU HARSBL, w8Mmik, AR
@AM, RABIEBL R, HAEA 5F LM% (NV Link/InfiniBand ) R+ 44%
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BAEME., x| §e95 ERF L XPU AL, KF@BRTHEED, FIAHTMA
Ji, EZERXE R E SRAM AKX HBM, iEKI€ Token MAVEE|RAK, fF X, GPU 4»
Fl+AeftitF, XPUGMAEBEFH T, ilABEZILTFHANAIEANER, BARZE]
JR%-T Al EZRNENHEAFT R, RR=E] A6 XPU A KRR L5, BRKFLGFLH
TPU, I LihJF & 4949 4% A Inferentia /Trainium, FXEKIF R 494 % 4 Maia, R /ERiLIR
ARG TR TPU, B A 895 An 598 B A 60 Al KARA 45 &, R AL — 1Rk ad )
IR, X5 A+OpenAl+FAF L KT T A ST REEBA R E.

A& 11 =F £ ALEZREPIITER T GPU & T SIMT, TPU & T Systolic

Three execution models, three ways to keep arithmetic units busy.

SIMD, SIMT, and systolic differ in what the silicon treats as the unit of work: an instruction, a thread, or a cell.

SIMD — vector lanes SIMT — warp of 32 Systolic — 8x8 MAC array

VADD v0, v1, v2 LDG r1, [addr + tidx4] matmul A, B » C
FMA r2, r1, ro // no per-cell instruction

activations -
t0 t1 t2 3

t10 || t11 || t12 || t13 |( t14 || t15

t sy1eriJed

116 (| t17 || t18 |( t19 || t20 || t21 (| t22 || t23

Lo t24 || t25 || t26 || t27 || t28 || t29 || t30 || t31

s . . . Divergence: 6 threads in the if branch
(red mask); 26 in else (active). The

L2 - . - hardware runs both paths serially, masking
the inactive side.

L3

Threads share an instruction. Divergence

serializes branches.

L5 : . . p+=Wx*xa (0.37 x 0.12 =
0.0444)

L6 i . 11, weights stationary, activations flow
-+, partials flow

L4

575 3.3 5 10.
Weights stationary, data flows. No

One instruction, many lanes, lockstep. instruction per cell.

FALFIR: Mainz, A. (2022). From SIMT to systolic: A foundation for GPU and TPU architecture

2025 5 4 AtyE 11 AEIZXH TPU VT LA, BB0E 4 2 A 4 Gemini KAEA!, VA%
T RABIA G ey H AR, ENEHEE ZFFVIRIPIEVAE, BT H KiadEst oy
HAEAE KT, HRE A, fdkfe 2Ah L MR8 ey G R/ L7, 11 AAA
Gemini 3.0 4942248 /) An 2 AL S 6 ) th Ak, 53k H — RGeS A AR IN, -3k 12 2
BB KT 4k G 46 H, AR A FaAh X ) Koo &) 092 BB A 46 = %, 2025 5 8 A4 £ 2026
5 Ay, SRR IUEMEMN 18 455 £ 2842, RGHIE—E I E 3042, B Ay
TIEEIN 34 42T F 24 12, FARRGGZIMEEIN 36 42154 F 22 12, A %) 2026 5 6 A
s F—REMAEAE Gemini 3.5 B, FE Gemini 2R IR R T AEH-VFR

( Noam Shazeer ). DeepMind Z 45 K, 4.2 2024 Fi5 N K405 245 £ 294/ 34( John
Michael Jumper ) B E A & IR, LR FIRALR, SR ZIEMEAT BTG %, fskfask
A5 3K R Koo 8] 6 1% BE AR AR = .
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). 2512
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Jun
2021 2022

HAFF IR Bloomberg, 6)7EHR

FZBWR A AlE A E REEGIEENBVLE , K +0penAl+3FEAR X 6 K- T A X,
%38 XPU Mg B RIER, FTAAF 2 3458 ST A K ADIRCH A HE789 Al X HiB#, %
T AEE Al FATT A A 6 FARAT L 6 A, VARIRZ ANIE G KA R 69 7 S B
8 TILA Transformer ZHTE /2 -F Al RAER 6935 4K, EEMNBEGF N ERKRIIEK,
BRERT HEAGH, XBEHEA LI BZ0 SR bR A, AR
REFAD T Fr3Ley &% %A A (HBM) A0 ZLBE (CPO). MLA S KARE £ H a9
# K T 3 (Context Window ) AN+ 7 &A@ F 7 &5, KV Cache #9HAE 2 I L& M 538,
&R AL (HBM) 6% RIFEEI;, RARABTHFGITEESL, RIET ALREHK
1 % AeE R,

AR 13 XBERGIFHR LT IALE LTI KRAHL T HREK

Context window
M Leading models

10M -
500-earnings calls (5M) [J Other models
™ g >80% on average of
- RS Fiction.liveBench and
- Dodd-Frank Act (480K) - - - = = I~ Hagp o m o=~ - s e T - m o - m g oo - oo MRCR (2-needle)
® P iA L g . . o .
100k — @ _ - 0@ O O Il Leading models
- Typical Form-10-K (67k) — — = ——— "~ - - - - i e il
P ° Ul e e 4 O O o [ Other models
® _ - - @
10k e © ®
@ @
1k —
100 —

I T T T T T T T T T
Apr.2023 July 2023 Oct. 2023 Jan.2024 Apr.2024 July2024 Oct. 2024 Jan.2025 Apr.2025 July 2025

FAFF MR : EPOCH Al, LLMs now accept longer inputs, and the best models can use them more effectively

T FAiBE, Fins) B AEEANICFRA IR, B4 K EAASF Al TAF
XEH, A FERG AL, AT HF AL (HBM) 69 “thdFe 3 41838 K o9 #
M, Bloomberg #9438 £ 7, 2026 %, Fiit Meta. B3k, fikdkFo T L iabay AL K AT £
BAHAEF E 7250 12 £ 7T, ABERTF 2025 49 3760 1L £, #17 HiL—1%, KIKE 2023
F £ 2025 Fe9 A, B, 2026 5F EF4F, BB R 5 | AREAAHOR A LK, TR
F R84 (SOX ) K@i i Mag7 4640, PIANIEEA9 XML 0.1 £ 0.14, £ £
HI S SOX/ML T Mag? BBt R &, EHANMIEHRGERTREZIAZE 14, A

EW AT AL LA PEAIL T E 0 b ST T GERIAFT (2009) 1210 5 12
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10 53 5 K E M 6N A 4a B 1048 = T B w4 ) B S TR AR,
128 — B )5 3 F)I838 K A B R TH L 0K, INTHE#ZHGEHE,

BA 14 5% LFHF, Al FLENFGTLESHRANR

Mag7 i #Orc W i 2 8 / bRifsooii 2 il 1.20
R G AR MO W i R R/ Mag7 4 MOk o B R 1.29

/‘-N '\,\,»\ﬂ ' , L
SN W | -
~'|A\Jv\‘ NW \ i Fox2
v b
g N -
g A N\

W\fmf WYY/ Vi) W\\WMJJV“,IMAMA\’\,J/\ / i [
([ 224 5 S 1 U/ Mag7 2R 014 VWAW i

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

HAFF IR Bloomberg, H6)7E4K

REIEFZE, s FATHE K EIRETIL, A IRE LS, 2R AT HIANG R, 3F
FARALERN, BAAEFTAE) RATL, TAE AN Al Z o) FTARF XA, =) B
B G R RS T, “ARE A2 B0 TACA R Fvm A IE 3 KT 69 4k, mdE s>
AE. —FEZEABALARERGER, & HOLHEE—KAMK, BA6)5HEE
K RFEAC AR B KA PR 3K, R BRI H R SUphiX s o ) BEAT IR 69 AL AR 3.
6 A4, Mag7 484483 475 500 484 692 IMEE AN, EF =69 40% % £ 20%vA
T, ARERER AT B E AL 20 12, B4 5 FAK, Al FAF LS k30 Ky s e s
Tl 7 —7 @A A eA 03 K, 20 k% 1824 N A, HBM“4sk” R
Wi m % A TR

B& 15 B8R ATE, KREZREEM B[ OQTRAEE

W 000660 KS Equity > Operating Margin 77.7672 - it NZEZA

60.00

/\/”*’\_/——/’/—7-\’\ /—\/\/_ \*7//\,/%\ m
?ﬁ/:i%/‘ftw/? Blooml;erg, PG 7E 7 -
6 Ay, SK i A tAe Aokt 5 FFME LAIRE, Kok 2018 Fagbfh, # £ 80% 4%,
A3 2028 F=FEACTHAMET 70%. Z 2 SEFHELAIEE, £ R 2018 F49
WAl FEE 60%, A ZF| 2028 HF =& E AT e MMET 50%. desb e A IE R, EkE
EHEHIE Al RATF L5838 Ky 2 MRS, XFstF Al BAF LA %, 2455

EW AT AL LA PEAIL T E 0 b ST T GERIAFT (2009) 1210 5 13
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89524, A 6 Arat T HBM B4 R 26942 218 AR A4, 482 6948 2 A i 38 K I,
AL T IBObE R IT 4 4 K

BT AL FARIEGATR, A T=) A 0GR =42 kT HYme) B &,
A Al KB AR A RMEGEK. HBM #9484, TR A Al AE, MAR AL
Transformer ZE#), vA&EE% 7 (Global Attention ) 22K IEIFAES-, FFIEIF Sk AR
¥, KV Cache #9#AEMK . 4o R P F ARG, X BN T FE“RGH,

=) B A AN AAT T A A REE R, b, 4837 & KV Cache #9 B %A%,
A2 L Transformer ZRH 49 /E AL AERAR K . odo: FXF4E4E4) Transformer Z2H),
H 5 Mamba-3 RAF= MoE R 454, 4849 EAEA £ F L, A& Mamba-Transformer-
MoE RARAHM, #hAE4EE) Mamba RAM 8T A FIHAE, RAFREME, 4 KV
Cache 4G B A BIK, XA RMIVETZAE Lagik 8, M2 CLEWESF 3 ANFEMAL
& A7 9 Nemotron 3 Super R A .

A& 16 HEEFIHFRF AR ZIBEEH Mag 7 585

l u P SRR RO W R AR / Mag7dE B W R R 0.87 ‘

\ % x = 0.14
W UK G (A S ERAE 2 / Mag7 S R RIE L 0.10 )J‘
a s
A
roVA,
ooty N -
Fa'a i f
/ L, N
e [ 2 / " /
A NN R R Al Mt e prga\ U 0.08
i f v/ N
\ e U SR M’"\r'ww A & / ol
\A\,,hf’ R e e e : 0.06
Dec Mar Sep Dec M Jus Sep Dec Mar Sep Dec Mar Jun Sep

Sep Jun far n Jun
2022 2023 2024 2025 2026

HAFF IR Bloomberg, H6)7ER

BRHERBET =] B3I Al TR L, 4 HBM “Fde” R Ik a9 AT A58, An
LRl RF QTR E W AE, @Ik RMERGBEF K, 6 ARG B 6T I
XM= %, RRERMGMBRTRERE, 7 A0E S Aty, &THBIATEZ ALK
F i by A-FA—Mag7 4540 LK 8%, TIRFFARIET K 19%, BRI E DR
Z AN 0.14 &2 0.10, ZHTAEZ LA 145 ZF 0.9,

FZERAMEEAEGAELER, AL ALEA I E = ZIG ik, EATE LN Z R Z AT,
RBZT Al FATF LS%EH, AR BRI —= ) AN AE KRR O
MNEEBZF, BRIERGIXG, BHIREE N LT R 37k, KB mE]T
2021 ik, FHilMkFe 5 A FE FEAGAFAT LA G AT L B ABE ik 69 510, M 184 Al
TR, FARKAEK B MR, #mkd £ RZHBIK &R, EREGAT L
Bk, R H B2 Al REHR O ST, RE Al B E#HAT b fo T 34T L2 9] 84
W, MAHZ B REREHORMEE, XHKEZRMES T,

REF ZE0 A A7 % Mag? 84 AnA7 493 484k, R % —EeAE, RWAZH

Al TR LAHBIEY K E G B, SOX 484040 AR Hh N, X 5 T 345 2480t
NFR, w0 B 4T AR, LiEfiid 493 BT ELF, PIARNEBZF
KB, STOAR ShARIA % 100 454642 T & 2000 4546, B A AAF4069483 R I, &

EW AT AL LA PEAIL T E 0 b ST T GERIAFT (2009) 1210 5 14



R nE;

HUA CHUANG SECURITIES ﬁ)ﬁ Eﬁi_g-gﬂ

A BREER T (Quality) FolsFIAPAER F (Size), BLRBRAHAT L Fott e iT kT
PG K £ 7, LR = AR IIE e £ 7. M AL F AT XK KB 54k, T
AARE 500 4540 An S A EATE 500 4540, B A BAMERARE TS e —HF, ULE
BT R, BHRAEAT, HIRMAER T, LRFRK T RAEMIE £ 7.

A& 17 $idid 3845 F £ 2000 45449 B A% £ 7 A B ARt R

£10.8049 |

b9.50

\/« ".,
ML

5.004" '\

1m,,.Nf’

AN

Dec
|

HAFF IR Bloomberg, H6)7EHK
2023 4% 2026 4 9 Ak, ATk % 100 45442 F & 2000 #5462 bk, M 62 91 E 108,
St R4 AT 3A % 100 4548 3K 180%, F & 2000 454K LK 60%. #2it 100%49 #kta £ %, —
FEA 12 AN A8 EPS RlHbZ £, M-1.8%F £ 39.8%, H—F@mAZFNEFREF, =
Bl B3R5 = £ 6 @R f AN £ 5. AR T 2 B BT, 3R ANE) 6915 A Al £ (0AS) Z4%
TR A AL 4G 3-4 42, 2023 42 2024 F, RIRGELER HAF, Al FATF 441 3750
CE, &%E GDP ALY 1%, AL LIEHART 3R, VAEIEE A E, 2025 F
£.2026 6 Aty, RERfERMEAEL, Al FTAF L4 1.1 k4, & £E GDP s
Z3k 3%, TR R ARHARXT B0 T, AB B ) £,

A& 18 #F-L 500 #5835 FAEFFLE 500 355069 B Ak £ F A BATAT R

[14.1100 ) i \ ™y Lo.9046 ]
“““/‘qv“ M //.f |
WYY W 4
! h U A -

ex / SPW Index 0.9046
r Share [1GBF Est] -- Growth J0.66
PW Index 14.110

RAFE IR Bloomberg, H6)7EHK
Bl 47, 5L 500 4525 FAFEL 500 454620k, M 0.7 9F £ 0.9, xT47E 500 4548 £k
100%, FMREAFE 500 3530 Lk 47%, it 50%690K0E 257, T 2R IMAIEEE 12
AN RAZHA EPS Rl £, A-1.2%F £ 14.1%, K48 2020 5 6 Fepdqi, 4]k 53

EW AT AL LA PEAIL T E 0 b ST T GERIAFT (2009) 1210 5 15
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B, 2023 4% 2024 4 6 Ay, WASEZ L EAT, EPS Rl £, A-12%FF % 7.2%,
AL 500 FgARRT IR, AT EF A T, 2025 4F 8 AME 2026 F 8 Atr, MAdEEK
Z W EAT, EPS FlBbZ £, M 3% E 14.1%, -5 500 4544055805, v Al KA L E
8 BB A .

= AL AT A “K” Bk

RFH LT AL RERD %040, ERAFHEGRAERE, o Al RERF—FIES,
TR —ANFAT W B A3G 1% £ F 69/, FARILT T Al LR AT = TR £ 57, XA
T £ 57 LT T N K R e 8k 77 )

B 19 ARRNAI THOUZFREZ LD AR

Index Index
115 - - 115
110 - 110
105 - 105
100 - 100
95 - 95
90 - 90
85 T T T T T T T T T T T T T T T 85

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Notes: The solid line shows output per hour in the private nonfarm business sector, indexed to 2019:Q4 = 100.
Trends are fitted over 2010:Q1-2019:Q4 (pre-pandemic) and 2022:Q3-2025:Q2 (gen-Al).

FHFA IR Cakir Melek, Nida, and Sydney Miller. "A New U.S. Productivity Chapter? What Industry Data Say About AL" Economic Bulletin,
Federal Reserve Bank of Kansas City, 11 Feb. 2026,
R AL 4RI Z B £ 7 5, FRALAPNAR| e GAT L, KB 5 KA &) Bl
S AL AT £ 7 AR EIR, R, ok Al RRIESH T E T F, RRKGF AL
PoE FAMEGAT AL, KOS AU ) T, Al FEATF L b RARMAA IR

BR 20 REIFLAANS AR ¥ A 05553400 3 L AAR

FRED 2/ — Expendi - Total ge Annual Expendi by Quintiles of Income Before Taxes: Highest 20 Percent (81st to 100th Percentile)
T = Exp : Total ge Annual E by Quintiles of Income Before Taxes: Fourth 20 Percent (61st to 80th Percentile)
— Exp i : Total ge Annual Exp i by Quintiles of Income Before Taxes: Third 20 Percent (41st to 60th Percentile)
pendi : Total ge Annual Expendi by Quintiles of Income Before Taxes: Second 20 Percent (21st to 40th Percentile)
e Expendi : Total Annual Exp i by Quintiles of | Before Taxes: Lowest 20 Percent (1st to 20th Percentile)

160,000
140,000
120,000
/
100,000
/ T ——
/_/ ! /-
—
T L__/——/f 20,000

80,000

60,000

40,000

AN

0
1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

FAF M Fred

EW AT AL LA PEAIL T E 0 b ST T GERIAFT (2009) 1210 5 16



R nE;

HUA CHUANG SECURITIES ﬁ)ﬁ Eﬁi_g-gﬂ

FEVP A, Al RARK R et T2 RE, KR oA R 248 5 A AT b
Fatb G AT IE R £ 7, MARSEEZRFLHNE, RIGEHENARFFFME R
FE, AR BEVBENBRGE R THRESF, IAREN ELEIRE, katfhnit
(Moody's Analytics ) & /% 25 K& %, -Hrid (Mark Zandi) #9—/NERA SX898F50: &
B BNHT 10%6975 4, TTART 45%-50%49 FKAEH 3% I, AR EH 5% 4 69 T ak R
A 20%. 42 KPR MLais, ¥ X2 A b Afetb o fTk ed38 K £ 7, 23] 2025 5T
Fi, AL RATF £ & AE GDP ehlAak 1% 1%, Bm Kok, 52 —FFNE
i, EFTEINNEZAKBRZEROGLER, TREAHPREFZRENLER, TR 4.

A 21 RIFXE K> Bok: . AR THLRFREBIRI

[4-001 19.00
8.00 ]
= H R A U 4% 2551/ F T on 6/30/26 (R2) 18.34
3046 I M1 G R0 F 1) 7.23 @&
R kS R (A JE B 2% %50 (R1) 3.88 0], e
7 W i #flSoftware&SaaSh Wil #(/Mag7 % (R1) 0.84 .
200 17.00
2.50
16.00
2.00
15.00
150
F14.00
+1.00
>13.00
@&

Mar Dec Mar J Dec War J

jun Dec Mar
2020

Jun Jin
2019 2024

HAFF IR Bloomberg, H6)7E4K

AL &4 —FPi@ A B #9342 K ( General Purpose Technologies ), & &iTA2: G854 = F-] wh
#3245 ( The Productivity J-Curve ), KETVAS A AN H—AMNEAT AT Lg%
B, BAFZRIJFHAMXGEZTA, FoAMERAFEARLADLIL, B A4
TARF XSG T e A FFEk, gk, WHFLeHAs. LRIT—AMELIL
HARH, MAKMEBEA G —ANME., doRE—NNERL, PARBET—ANEL
A AT, fe Al F KRS LRAE —A, FHARAA TR RO BAE R @ EZAA, K
AN RN, B E R e Al BATF LR/, e AlE5H 5
HEFREYR, FEZHATHER, EEIRKIELL,

IAE AT L TFRAT &80, Taem B K R 09 3642 KECH AN $ iy B0 Ao B
B, o, 488 Al AT LR ZHTRAZ R TIR G428, ATH 2 Al
TAF I, LEERREHET S, RRT BRI LEMHGER, FRRXEZH A
NERS- 09N AE LK, B R AL AT LA LB 4 L2738k, 4 F K4 F
AT, HHRAIRTERRA. BB, $56) Al FAT Xk 54Tk Auis TP 69K
NEH, THERATREZSFHNE SR, BHRATLHAEAIT —H T, XTI
IT 3k, @S = 5 X hfe KR APLE A M4, mopAH LTI, BHZRELL
Al B R BAR FR AFRA T . R ) ikt i) A T A NIE K g, % F -
MEABANIEK, FRZAT Al FAF L., LEANBRBERITAEERAE, TUMEEY
e B XZFIGR . ALIT LA TI0ER £ F oA LRSI,

B, BEFSHALER, ESZREEMGITRELES, 2RI EHILFFE L4
M. (1) ZFEFSHRNEER, s TRE SN G2 0E 0. e REIE T SEAL S
W& A 7T Fl 4 & ( Spare Capacity ), 3 #3469 ALK, 5 T o ) hahikse ) B2

GEWE AT AL ANE AT EI L S A AR T GEMFST (2009) 1210 5 17
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BAMEKRGR R RT 542, KIRERREZEE RN, LETREMEE LN,

A& 22 HFEFSFHAREAT THELCHNURARA 15%-20%

— High

Cost Increase Relative to No Data Centers

Utilization

15% 1 — Mid-Range (Peak)
- = Mid-Range (Random)
Low

10% A
$
s~ 7 . - ’: ~
_ ’ - \f" M /,l e NI -
5% 4 7 _ ,\\ 77 Nt I - -~
~ \ . 7N -
7. = — P N ~~_7 ~~
- P —_— N — N
— ST — ~ - ~
— ~_ - -
& & <> < < < <o s < <
+ O + O > O > N > o
& S R S G S G < & <

F#A IR Kay, O., Reaser, R., & Taylor; R. (2026). Processing power: The effect of data centers on wholesale electricity markets (Working
Paper No. 2606). Federal Reserve Bank of Dallas

(2) PSR B ER, RIMESRE RN ELERE. Kay, O, Reaser, R., & Taylor,

R. (2026)49 M H 27, 2021 £ 2025 5F, 4Bk QT2 A, WA HIEF SR B F
K, - FAEHGLBARALKGTERY 10%-15%, - F L @A LKeGTakA 2 20/
B, RA 2022 FTF¥FFaEHZE 45 2T, EhmE, ZFEFSHARER,
A E R BT LIRT 2%-6%. 458 50%6944 5 H E T E, R g ikt FRE
WA T AR

BA& 23 LSRN RBENGBESHET SFENFTHME R LR

Price change in

cents/kWh, inflation adjusted to 2025S. Load growth is percent change in retail sales.

Data center & cryptocurrency growth relative to state load in 2019
@ Low Growth @ Medium Growth @D High Growth @ Very High Growth

Price change
(cents/kWh)
6 ® ca
* ME State load (TWh/yr)
o 10 100 200
4 ®
L ™Y ]
2 '
L ]
e} = o [ o @® OR Load growth (%)
¢ ® ® ® * ® AZ
. & "o, © ’ @e
* gl 1A ™
2 @ eNE ® NM
®
® ND
-10 0 10 20 30 40%

Data center and cryptocurrency growth defined as increase in MWs from 2019-2024, relative to 2019 state load. Very high
= > 45 MW/MWh; High = > 15 MW/MWh; Medium = > 5 MW/MWh

HAFF IR Lawrence Berkeley National Laboratory

EW AT AL LA PEAIL T E 0 b ST T GERIAFT (2009) 1210 5 18
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(3) HBEF SIS H L NRERBR KGR REfR, MO LARRERT
(LBNL) 4047 2019 4 £ 2025 5F, & MEE @My Zshiol, KINKE wfakea iz K2
IeFAE RN, R ABIT 6%, 128 HEARG ) AT T, RE ki@ Eareasy
AR, XANMGEFEF SR FREE, BEFTSHAREENPERLL
AL FERT N, HEARE ) AT Rigsgk, REaMEALH LK.

ok, RFELAZFRAZ, FETLET Al FAF L, AIFKFETHFA. (1) Al
TR T 09 ARRT HUARER DS, 2022 2 2026 4F, WRE] WM AL AL 4 & £E GDP it
B, A 0.5%H £ 2.4%, KAMBFF EEE GDP 69— A & T 5%, 2024 F—/EFF
£ 6.7%. PMEF BRHARL, AT B RTaAD S FHAFIT49 2-3 42, ok,

itk 5 FHEL X Z2FK, ESITHOMEGRFH TR, RZKTF ALl TAF L.

Bk 24 @A SLMAEE b d 7§ B4R 4% £ B 4.8 PCE R4 & F 2%

F6.00
10.00+
5.004
+5.00
8.00+
6.0044-00 b 4.00
4.00+
3.004 F3.00
2.004
+2.00
0.0042.004
-2.00+ +1.00
1.004
-4.004
+0.00
| I | ‘ N I
1990-1994 1995-1999 2000-2004 | 2005-2009 | 2010-2014 2015-2019 2020-2024 2025-2029

HAFF IR Bloomberg, 6)7ER

(2) AL F AT Zat F £ BB KK 49Tk R R 2. 2023 442 2024 5, £ E 43 PCE F
FEAN 4.9%, —FTFHEZE 3%. 2025 £ B@KAKF R, R A4S A-LBUT 6T F XAH
3, 57T EE R M AER b, IRSH TR LT ik B X%, 2025 F4%5 PCE &
FA ol T RMAB R W, A-1.2%F 2 2.1%. JRS-H o 46 Bl Fb AN 3.6% 1% £ 3.4%.

AR 25 MUk ELABERGERSA: A ANHERETRENHE

1.004

+0.20

W LOPCER] M TESEHLAR A o it i & I #5 TTMKEE % (R1) 0.19
mOPCERLEE: BSAT AR AR 35 1 46 DTRRE $ (L1) 0.84

AT ™ ;u'

VA VNG S ARTAS MR NN RNAEE

Sep Dec Mar  Jun Dec’ 'Mar Jun ar” Jun’ Sep’ Dec’ Mar Jun r Jun’ Sep’ Dec’ Mar Jun rJun  Sep Dec Mar Jun Sep Dec Mar Jun Sep
2018 2019 2020 2021 2022 2023 2024 2025 | 2026

HAFF I Bloomberg, 67K

Sep” Dec’ Mar Jun
2016 2017
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Al FAT LA ZH £ BBIKKF, 3| T 2026 F4 L3+ 0 Wi——~& HBM Mits X ikag
#HTF, FAALE (DRAM) #2304 (NAND) ¢9Ma& Lk, MNARIE. FieFofeBE A
¥ (SSD) 43R4 KM, X A4EHEFHA% S PCE Flib.

2026 7T 8 ANA, 4 PCE RlHA 2.9%F 2 3%, 3 FAUMAF Aok &0 4648 5
( Computer Software and Accessories Price Index ) #97T#K/E, A 0 A ZE 0.2%. ARHLIRZ
T, EFHRMEIRSMA4454 (Health Care Services Price Index) #9 T #kE, M 0.7%H £
0.8%.

(3) Al FAF L RRIEHAEG LT ZRE ., EFFAFE LR, RAEIFEFKY
AR AT R ST I, BT & A F A G EmegE R, ol f| R LIT694%
SRBETRA AL AL, AR TR S LT EFR, AT RAT, BAXE
TR TAT. 2026 FAT 8 AN A, 10 F805 2 FHEGAIEZMN TI AR EEE 41 A
B, LT HFI A 3.8% M £ 3.3%, EHFEIFFIM 12%EZ 0

AR 26 KHPERMAEHEGA L4 L FARBRE %

FRED W « 10-Year Treasury Constant Maturity Minus 2-Year Treasury Constam Maturity (right)
ge Hourly i of Production and pervisor y Employees, Total Private-Consumer Price Index for All Urban Consumers: All Items in U.S. City Average (left)

75 3.0

2.0

BIERICE

% Chg. from Yr. Ago-% Chg. from Yr. Ago

-5.0 -2.0
2008 2010 2012 2014 2016 2018 2020 2022 2024 2026

Sources: Federal Reserve Bank of St. Louis; U.S. Bureau of Labor Statistics via FRED®
Shaded areas indicate U.S. recessions.

FA R Fred

fred.stlouisfed.org

KA R EAT A AL TATF L Tak, A= AARaT Ak, EER
BB R FE S K R, TvA R34k & KA F . £ EEA LS 25T 512 (SIFMA )
HHIFERT, RTRNN AR E GG BLZA L m, SFT 8 MNA, HFHNF]
e RATEF E 1.5 FALET, EFRHIE I 30.7%. 10 FH0. 20 FHif= 30 40 £ 1%
Y EATEATH A T160 /L EA, WEFR LM 1%, S4BT A (TIPS) AR,

KPP E MO KATEEFR B 41%. FEBLARRT, ABHESZHREN (Term
Premium ). & ZE 9 A&, 10 FHEFIARREN, U\#V‘HE‘VE By RME RA 37 AN, 30
2 AR BAPRIBMN, ASF RS 89 3K TE R A 40 AN E . 2R R AES) KA R Rt

R, IT 3B AL M4, EVRKESAT kAR BAT ey B3R 2%, (1) IT L &
83 Ko, RFEAERELESA 1.612, BIRKY 3000 ZIR A% %, FTe 1312
FhAA W IT ot eg FAR, B A IT Zd 9000 £7T-14000 2T 5, EEALIT £
BHAEA 12 TILEAE 1.8 HILEA.

PR AT AL EANE AR TSI L S FAE I T ERIFET (2009) 1210 5 20
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Bk 27 £E4{ TEAAY IT RAEAFSFTLAY IT A&

IT spend per employee benchmark: the short answer

The 2026 IT cost per employee benchmark is $9,000 to $14,000 per FTE per year across all industries and
company sizes, with a $11,500 mid-point. IT cost per employee and IT spend per employee are the same metric:
total annual IT spend divided by headcount. Where you sit is driven mainly by industry and, secondarily, by
company size:

$14k-$25k $12k-$20k $10k-$16k $8k-%$13k
Financial services Technology / SaaS Healthcare Professional services
$5k-$10k $3.5k-%$7k $3k-$7k $2.5k-%$5k
Retail / e-commerce Education Manufacturing Non-profit

By company size the benchmark runs from about $1,800-$4,000 per FTE under 50 employees up to a $9,000-%$15,000 peak at
1,000-4,999 employees. Full tables by size and industry below. These bands are this site's model, cross-referenced against the
free Spiceworks State of IT report for the SMB segment.

HAFF# IR ITBudgetCalculator.com

A& 4% Run-Grow-Transform (RGT) AZA&!, &4k IT F b T VA 54 = /~3- 4 B %12 E( Run ).
33K (Grow ) Aok 5444 ( Transform ). A FHALA!, 5F 3 A4y, £ H4) (McKinsey
& Company ) #9M H 4R 2, 4wRIe Grow A= Transform B ANEEHEF MR A A4
(Change ), /E# AEFRRFEAR AL IT E 69 S 13%-37%, H ¥ Al 698X & 53
AAV# (Change) #) =X —, A AHEGRATINT L h @) AL F @455 614 A 5%-10%.
FRA L IT LB 1.8 FILEALE, K24 90012 ETE 1800 12 £ 74, & £ E GDP
LBl 3 AR 0.6%. (2) IT B FELAITH, HFRAHEGISHAE LHRAAK
4% (1T Modernization ), iX o] VA4 b 34T & b dd it 5 5 JATRCE . 59428 West Monroe
HHFRBT, ZRGIFAPATHRE, FFEQRE, BHETHEFRBRTAHLLE
HKH 1%-5%. 23485 AT IRIRK E #2849 COBOL KA, A IGAT LT, stmieike
89 EHE LA BRA Java. Python RAH), T ARSI B0, ko), Al g 3046 ETL
(FIR, 453, o) T B, T ABEMNER B IHALIIEE P, M B E 23 ER
i, FI S F AR ERM RS, BARm T, 1T L& ATRASFELAITH. K+
M85 (BCG) 89iRER =, 2026 FF, AWK Al F= Al F#EKIE (Alagents) 9
AoARILF =R (ROI) # £ 13.8%, kb 2025 FF EH 2.6%.

®E, Al AT ZAFFTHAT BN T n, FELZHE G AR E, (1) FHEATLAE
ALy TR A TS, RASK R MO AE. Al SR FEAFL AR BT 7 L8y
12 84Tk, Fok R bk bk # BT 7 Sy AT, 2025 ik, AT LT
IR ARE TFRIRBAIIT., BRESHE S AN, FEATLE LT HRES 1.2%, R
AT 2 L THEIEE 1.3%. Bidk S, 5 84T LE S 692 EFE, BA 2021 F
7 A E 2024 4 12 Ay, 13 8ATE) L L TRR bR B IR T HARALAZRTT, 2022 4F 4
Ay, —#B1H 6.8%, 2024 49 AWeyE e Z 08 2.3%.

BHAT LG RN RIS 4F, B A 2022 5 6 AW E 2024 4 12 Ay, ZHATL S L
IRRKS & TFERFAIIT, 2023 4 7 Ay, WHIEEES 1.4%. HIhR@KA
J&, 2025 S Z 2026 F 8 Ay, 15 EAT A EARRAI T IR T HRIZ £, A 0 FF
£ 1.2%, BHFATLUFERRBAI TG EFEIRR R £, K-02%E 1.3%, EHRAfTL
R Bk, et e LRI R £ F T, EHAT L) TSI 403 T2 847k, 2025 4
£ 2026 4F 8 A4y, 12 84Tt EEI 55k, A 10.5 T E 12.8 7, EHAT LG F IR
fidk, M232HFE2517%.
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& 28 R LA EATLG L LT H I b T HARIERAAI

FRED dj - Average Hourly Earnings of Production and pervisory Employees, Constructi ge Hourly i of Production and visory Employees, Total Private (right)
Average Hourly Earnings of Prodi and pervisory Employees, Information-Average Hourly i of Production and pervisory Employees, Total Private (left)
5.0 5.0
25

2.5

| |
00 /\\L\/\M\hl\ An AL A A A AN AN ‘ I\f\/\A\'\AAh'/W//\ 00
ANVAVIAY AL Ik W AIAN
|

% Chg. from Yr. Ago-% Chg. from Yr. Ago
08y "JA Wolj '8YD 9%-08y "IA woly BYD) %

25 m 25
5.0 5.0
75 75

2008 2010 2012 2014 2016 2018 2020 2022 2024 2026

Source: U.S. Bureau of Labor Statistics via FRED®
Shaded areas indicate U.S. recessions.

FAFF IR Fred

fred.stlouisfed.org

(2) AR ZFH g0 THIGREZA BRI, SR AL FAF X, F1RRAF
PR EGEANA LB, AR ARF L T 693518 g 50, 1A B0 40938 ik 9 B K
T 75, A2 I F AR, T4F £ K A4 69 T 738 K 18 37 444% ( Wage Growth Tracker ),
FEIALE & 69 63T TN, R R AN 24k (Quartiles ). BN BT AL % 76 £
100 & A58, KB ESTELH 1 2 25 B ad, FARBKAMN BT A% 26 £ 50 G4
{280, FHEBANB BT RS 51 275 Boiadk., ek b, i HmAIRS Tk
FATEL, RJE IR S P gk 12 AN A A 3h-F 344

A& 29 REME6 Tk P9 EFRBINEE Q5L

FRED w =— 12-Month Moving A ge of L ighted Median Hourly Wage Growth: Wage Distribution: 1st to 25th Wage Percentile
= 12-Month ge of U i Median Hourly Wage Growth: Wage Distribution: 26th to 50th Wage Percentile
= 12-Month g ge of U ed Hourly Wage Growth: Wage Distribution: 51st to 75th Wage Percentile
= 12-Month ing ge of L ighted ian Hourly Wage Growth: Wage Distribution: 76th to 100th Wage Percentile

8

15754

Percent Change from Year Ago
Y

0

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026

Source: Federal Reserve Bank of Atlanta via FRED®
Shaded areas indicate U.S. recessions.

HAHE N Fred

fred.stlouisfed.org
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BELSF 8 Ay, SRABEH LK 3.8%, KT PIUAD B 4%, KT FF
P B 3.9%. & TARBAME 3.7%. KBk A, REZOBEZ, KEANEH
IR G TN E, 2014 5 7 A E 2024 4 8 AWy, IRKAM B I HEKk—1H
T EBRAME, 2014 447 A ZE 2022 4 8 Afy, —H T HIEKEFIK 0 —BHF
£ 3.7%, 2022 4 8 A E 2024 5 8 Ay, EIANEZFARERIKRF. RN, BELZFAK
¥, 2020 5F 3 A4 E 2024 5F 10 A b, PARBKAN E6) T3 RO G 25 % T ik
NI E. 2020 5F 3 A4 £ 2022 F 7 Ay, —#H 6 THIEKEFM 0.5%FT £ 2.5%, 2022
F 8 AMrE 2024 F 10 Aty, INEFAIRERFKF. ®E, TX2F, IAMEHTH
WRIFGHE, 122 F FBANBEHRERREAR N, 5% 8 Atr, FHERAMNEN
IR, AT 2024 5F 10 A T 0.9%, S ANETHE 1.2%, FARKAR ETFHE
1%, AKBNIE T 1.1%.

B 30 SE+%F, KEAFFTREANEN T FHEERETF HUANE

of Unweighted Median Hourly Wage Growth: Wage Distribution: 1st to 25th Wage Percentile-12-Month Moving ge of L ighted Median Hourly Wage

FRED £ == 12-Month

Growth: Wage Distributi;n: 76th to 100th Wage Percentile

12-Month Moving A

of L A
Growth: Wage Dislributi;n: 76th to 100th Wage Percentile

4

dian Hourly Wage Growth: Wage Distribution: 26th to 50th Wage P ile-12-Month Moving Average of L i d Median Hourly Wage

N /{\,\Wﬂ\, N ‘ L4

% Chg. from Yr. Ago-% Chg. from Yr. Ago

-2
1998 2000 2002

S e R 7

2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026

Source: Federal Reserve Bank of Atlanta via FRED®

Shaded areas indicate U.S. recessions.

fred.stlouisfed.org

HA R Fred

LREFTE, Al AT 3B K EIAAL, TR OZRILESRT He) LM+, 2LHk
I £ B RARGZGFF, £ EEFAT LG TR RIFE T ERAAZITT, 58 ALK
b, TRAEIP R KR L, KB MLaisy s 28 L, ERE T, LiEE Al TR
Fob B TR, T AEE 3] AT AR AULIL A 4755 200 74 69 4546,

W, Al 2ofT Hzt kw3, RAHKRG L 2%

BARBF I —FAC EEZ AL, Al F A4k, dbfmk eI —NELE, ATZE
AMEBRA, RAGRYEZHATHE R, MRS TREBRRELR”, &
FRARBARINA B TR L, AT H BRI, L ATt At B vh R SR H]69,
X FBoRE Al Rk e) B, stTF kb 5o £ IUF R AT, A IR E T A
AP ERE e n, AEY, Z] AR Al TAF L, XARBRIA BT,
B R LT FABALHTE 15 (Engels' Pause ), & Al BPRFILEG T bk, ik, 1E4THL
RFAETHELORZRAZEZRT, ARG Al T Hatlk T3, MBS
M AR T4, LTI LK EFF RN, £ BB RAERFFIH.
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AR 31 BARMGIFAN LG BB KA KRR B4

< = Wage falling behind output growth Wage rising with output = >

100
| w4
80 " A/

Engels’
Pause -
T~ 60
46\ —— —
20 —— Q* - *7/,3
0

1770 1790 1810 1830|1850 1870 1890 1910

— historical GDP/worker historical real wage

HAFF IR Allen, R. C. (2009). Engels’ pause: Technical change, capital accumulation, and inequality in the British industrial revolution

AL T A BAS I A5 A 0], EAA L R 1790 F0A 5, KA A TAF L
R, AMERZ SRR, (EREFIRFERIIL T REEF, FHERKAS
Bed, RAMARMASZ, ZHWAFLARORTFFIEL. HF 1850 FulE, KA
HBAREALIE, KIRLFHkmikA G, AHERZ BRI RGGER £
FRIWEL, mHFAEERR L. BRI EAS0 INAl R, AARRAE TR ] h&E
AR RO TR, B I BT BT R ARG A A AT LS, X R F R
A F Al FATF L 5% E R4, o EMBTRERIN, NFEL, REFAHEANKA
ARG ZFAR, HRE 1 T AT AT R LA 6940 91 sh 2 £ E . KBk 3E E 287, 30-40 F,
1820 F £ 1860 F, £ EAINEKAZ NG FTAT X580, A LT B Ao L R THAR
FRFEK, BRMASET, 7300 XRRIFEE, B EATAHAS, 7
BRFATHRFFRER

B& 32 EE 1770 4 £ 1910 4644 B RN S B4 4)

0.7

06— -----

05— — e

0.4 IW
0.3

T
0.2 —Hv‘.

0.1

O~
1770 1790 1810 1830 1850 1870 1890 1910

hist labour = hist profit hist land

FAF M Allen, R. C. (2009). Engels' pause: Technical change, capital accumulation, and inequality in the British industrial revolution

Allen, R. C. (2009)49 5F 5 & B, 1790 4F £ 1850 4F, 3£ B B KA T, 7 S50 KEA 59%
M2 49%, TR KEAA 22%H £ 39%, HALE KEA 19%M5E& £ 12%. EKABHH,
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KRR IR 8 FARZFALF+ o 0B, AT Feinstein, C. H. (1978)#E & 6 7= & 28
EIBEME, BASAAKTAF L (THRF+GREMIZT) & GDP h], KLM
4.7%H £ 7.6%. £ B4 E EHKIENF LR EXE, B A S xR 7 k538 A 2] 1840
IR AR, R0 E RS BL33E & B Budd, E. C. (1960), HmH %2
1850 4+ £ 1860 4F, EZEMAZRITHATF, RAIITH WA 40%-41%, FERFA
R TR A 45%-46%. Margo, R. A. (2000)547 1820-1860 4 L F4k4BvA/E, AA
A, SRR LT 29 1%, AT A IR B30k — 5. 526 4 AT R4,

ZUH, 1820 £ 1860 FEE K F L RAARKIFZ 8, KEL TR SR, &H
HBILRF QTR T . X—0H, AR A AW RAREFIRFTA+ 5L,

B2 R AT B NEY K, LEZHILT, MAEIES) T LK. 2L BR Gallman, R. E. (1966)
H O HIBANE 0 4 SUF B A 5] B, IR Fishlow, A. (1965)M H 694k 845 KA T . &
B+ R a2 E, T332 1830 F4RE 1850 14X, AiAZ 4K F A X & GDP
s, KZM 0.6%F £ 2.2%.

Bk 33 £E AWK 1820 Fl Bt R LA 2 W g Z R TR

Wages (1820=100)

180

140

120

100

-
I I T N T S T (I (T (A I O
1820 1825 1830 1835 1840 1845 1850 1855 1860

Year

Fig. 1.3 Real Wage Indexes Deflated by the New York City CPI
Notes and Sources: See Appendix A and the notes to Table I.1 and Figure 1.1.

F#F M Sokoloff, K. L., & Villaflor, G. C. (1992). The market for manufacturing workers during early industrialization: The American

Northeast, 1820 to 1860. In C. Goldin & H. Rockoff (Eds.), Strategic factors in nineteenth century American economic history: A volume to honor
Robert W. Fogel (pp. 29-66). University of Chicago Press

ZIRTFHAETAFM, EEOSKILT, LEEERN IRHR T GRBHILT—4F, £
e ik £ B AR AB) ) T AT AL, (2248 T TTE a9 A5, dh2 1820 F
£ 1860 Feg £E, T 1790 4 £ 1840 FH4£E, 2 T —#HEKAH NI FTAT LS
A, RIAIIANKRA S, RBFLTRASAGTAF LS, AH2EBEXA LA
“BAEHT A5

RE W EER TGN TR, EREMERG IR ELAANE KO LS,
FAHFTARETE N, NFLLAF, RF@PRLA >, B b, R4 Zafd
BN R EFHAGTRAKFE TR, —Eo b XBELEEKTRKE, L2 LH
LT VIAE 57 Sh A e B R, Fod b B 407 2h A4kes, XANE AR5 €% AR
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( Habakkuk thesis ) #9472 A 2. IAMBEBLIAS, £E A I BB HAF R B B3040
TR K, FRER LB+ HSAR, KL AT HERBETRENEE IR
( Reservation Wage ). Wooten, H. H., & Purcell, M. R. (1949)#= United States Census Office.
(1864) 694548 R, 1790 SFEEHEmAH 2500 7 & w, 1850 FH £ 1.11¢3%kw, 1860
FHIEE 1.6 10kw. R, FERZRRARETOILERERFE 1500 7-1700 7w,
JUFEAERK. o RAHA KA bt 22, 1790 £ 1860 4, £ E R LA I
2370 7 ANEFE 1 AT, FEE R AN 1380 A HIA E 1140 7, K%K T E
KA HEmAREF. B4, 2EAXIEEAMR 1.7 A E 1.9 0N, EEAHH
@A 0.7 AAEZE 03 00, BT ARZREF, 2EAEENGLREFELTLETE
— REEBE (AEALIIE). CLEAEY fo (FREE), REEAREIEGI LR
TN FHIRAF LT ARG B T4, R E & & -iT 4000 k4, KiBEES), E4% L
WAk A 5 shE R B TE R, TAEKTHRE XK.

B4 34 £EFfEE 1700-1900 56 A ¥ Fbm stk

Total cropland per capita, measured in hectares per person.

2 hectares

1.8 hectares

1.6 hectares

1.4 hectares

1.2 hectares

1 hectares

0.8 hectares

0.6 hectares

0.4 hectares

0.2 hectares |
1700

United States

i i ! United Kingdom
1750 1800 1850 1900

F#F M : HYDE (2025) — with minor processing by Our World in Data

R4, THRBNEGEN AR GFRER % K? K22 M E|— 20 eys5E s bigsn: T8 E
WALZ bt (Wage-to-Rental Ratio ), X ANPRABALZ, HLBA 57 ) A MASHTT, KA HLBA T4
WM MR, RZ TR, AR THRIBENTHE, LERRARAEBRRSRE L
AL IR, PTVAR AR AL, # w3 TfS L2k (Wage-to-Land
Prices Ratio ) 1 424X 454%. #R3% Christensen, P. P. (1981)49M F-, 1790 3= [ 49 T4 £
L HMAEZ LA 0.0175, 1850 4 ZE 0.0165, BEAKRAZ AT ATF L 5EH, 79
B AE TR L HAN A 2%, 1790 FF £ B 69 TR 5 L3utiAs2 1k 24 0.92, 1850 4 £ 0.34.
BERANNOTATE LS, o FE2EBUTADERLINAE, 73 H b —ESF
T L3N, T3 DO T3t HegR-F. BfEdAZ 4G, Lt
LR TF IR, TGN BIER ST LM 30%, 3 IR FAERE TR 69
KF, EEFZNZ, LERZ 1790 5, &£ 1850 4F, MEMIFLS LMMBIET I-
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2ABER, MAETFARNITMEGEALZT £ 1045,

A 35 REBURMFAATEZHE, KKT T bl ARERTHES)

300

200

100

0

18001810182018301840185018601870188018901900191019201930 194019501960 19701980 19902000 20102020
@ United Kingdom

F#FA % Public Finances in Modern History Database (Dec 2025)

RT RN A TR, T —ANEZRE: KADNOTATF LSFHOTLERRE R
Fl. 3EEAIMRES L AT, Crouzet, F. (1972)A4 Tk Farat 2, 35E T kAl
BT K, EBAREEFFAEIATHL69“A 3= > ( Ploughing Back ). & 4 #) IE4%AL
MR IR AR 02— R, oM A AR, — 7 @2 3% B B R KA,
1793 £+ £ 1815 4F, KR&F e F 8L B BAATUY 44103548, R 2R TEH XKW
BAFEEE R, LHAHAEM 2700 7-3000 7 EEEF AR, KEFaTHAET RATR
AL T Ak (Y FRAAEE . B — 7 BRI Fedb TR 2, IR F) AL E HSS
. 1720 569 CGRLKEE) PHIREEE RN, ASKAZ T T bsY, F

ARABFIE S AE, (2K T, ERFERGNERSE, mREFTTEEH
BEART A, A WK HAE A IKAT oA &N BURF 6 Fa b da4R . Tmlah, A, H. (1958)4% ] 545
RAZ, 1815 FFHE BN RA 1000 77 4%, 1850 S5 £ 2.2 10-2.3 1035242,

£ [E W2 RN AT ER . BN RARANEE, IBFRAHHIOTATL, X
By ARMANE: F—MMERI4E L5, RONETENE LB ESMNBUIFRA, MR
AN RS L. BN AR AAUAEE, 1820 £ 1830 4, A 1280 % £7UIE 2650 7
27T, 1830 % 1841 St —H I £ 21 E T, IMFBA B KE A 50%, K& 112
£, L AMESRIR LGB A 20%-25%, wFhZE 20 FIEMATRE 500 B ET, FE
4000 77 £7UvA L, SPFTAKAHAERELA 2000 7 E0., H R A A, BRONET
F AW FRHBA A 21T 1842 F A E, BN FAANFAAIRS-. 1850 SF3A
J& » PAA B 2P An il R L HAE A AR S0 69 IRAT AT A b L, WO KA RN E ik, 1853
£ Z 1860 -, BRINIERHFA WY4RIATHIN 4400 77 2R 150 (4, KREMET
1850 FAXEKFALFAALEY 20%.
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AR 36 THRCRFLERUE, KEHENFTFSARRREK

CHART 8. THE ACCUMULATING BALANCE OF CREDIT ABROAD, 1816-1913
' SEMI-LOGARITHMIC SCALE
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POUNDS STERLING
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HAFF IR Imlah, A. H. (1958). Economic elements in the Pax Britannica: Studies in British foreign trade in the nineteenth century. Harvard

University Press

FEAIT AN 2 RIAF N BEARDA LI, 1850 F, BAMEIFHTLER, EFRIEE
KEAAABEFZBEK, 2T 1900 4, ZXEERBEAT, 7AW 1847 Fa91K.%
49%, F+Z 58%, M XIEME A 1894 44 61%. R, EEFAIRIDEANTF, FAAIITH
Lﬁ%ﬁMM%%i%%r#ﬁﬂA%ﬂ%l***MM%%ESW&E%“ﬁﬁw%
#%@%%W% R BB d, E KR TR ARK Mg LK, R ELEE A KRR

% T #£H. Williamson, J. G. (1995) ¥A 1905 43 E %2 & L% ﬁ%%lm,,%KEl%
%%%lkﬁﬁwlkgﬁjﬁﬂﬁﬁ.ﬁﬁ% AT BE COWEY BIRATE 5,
VA 1853 AL S ATt b, 1853 £ £ 1900 5, & E R F45HAM 58 £ £ 101, £E
TR T FAGHAN 106 F+ £ 156, 47 F3Rt@H 3|4 T4%F 47%. 2R EE £ 589 LRI F
AR @ IRANZ AT PR LG K 6945, 1830 FF £ 1853 5F, EE LRI KIGHM S3AE
58, K@ 9%, FE LRI FTIEHMA T4 E 106, #Hé 43%., EF269R, 1830 F£H
FRRIFAGHA 74, FEERIAIE4H 53, XE%RAE LB LRI FTe94E, wEEZ
& b 40%.

MKEAH EE, A BINFTRRGAZAZ N, SIIANREZRFNEIEY, RBNZF
R 2 I R AU RS, £ B 6 T AN RAEE _EATeE, SFE 1840 FREE
FAGTAGERIFARKFE, L1905 FEE AL T AN EFRTFTAKFARL, At

2L FRIF6 KT Fo o3t K-F B I Aot K69 £ 7?7 BEZRARAH N, SFTEREAZ )
ATyt &, DBRRE AL, s TEAFSHATHF &, UERBE AT, RFIF
AR, BRI AT HT &, BERAZ ARSI Sk, AE TR 66L&,
B 6 B R B EAMHEAT GG 206, BRI RA T AR 73, A%EIA
B A EM (SKill Premium ), M ERAF AWy ikFedt 4k, FES AL, ZEMAF
e RAKI A+ B AT AL 69 205 kﬁ%mﬂ%lAﬁﬁwﬁm,ﬁﬁ%LAmia%%
TAERBIRET I, &%m Wz B R,
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BrEF AR 94 FATR, M T AL A% T AL Tk, Williamson, J. G. (1985)

M BAFIER T, ETEMRET, 1815 F £ 1901 4, FERITIMIIBM, M2 #AE

22, 85 FHNTIA R, MG TALIFE 2 IETFERLEIAN LR
AN 2.2 FF £ 2.9, I AL IR
% 34%. Lindert, P. H. (1974)3#4% 7 KB Hi 49 & B 3 AL AN 2038 .
A Fod O G HALEM, A 12 FHE 1.8, 80 FATIAE, AT ALIFE 1542 TR
M3 E 1.8, ALETAHITH

A H IR 6 B ALK R o KRS

1871 4, FAEHEMN

NG

TR

P 1830 4 £ 1870 4, FALEN
KE, AA#aé%ﬂFﬁé&%;Aéﬁ 1.3 127+ £ 2 4%.
B, EEAA BIIABN —B EATNINE, mRGAERARY AR, XERE AL

K. AR 1827 £
K, AAR S TAE A T AL 2 42H
1820 4+ % 1900 4, 4|

R AR A, EAGEE A, AGVHRLAIA, RMmEBRAKSHFERLIA,
A& 37 £8 1820 FARM S BB BMRE L

Ratio of skilled wage
to unskilled, X 100

Burgess'

"artisans" vs.

'k:lz:borers"

1 | I ]

. N
180 Ny
X :
? i x-x = building trades:
160 H . Ober-Douty
{1 BLs, all cities
/ i"- %{ K
/! o eat
140 ’ e
1 "fv
|
120 b Williamson linked series |
i
0O---0 = manufacturing: Ober-Douty
100 - 1
]
i

1 1 1

I IO B |

1820 1840 1860

1880

1900 1920

1940 1950 1960 1970

Poverty, University of Wisconsin-Madison

? “ ifi%]«‘:iﬂmm é’JiJ

T#%%LA%%%LA

R 75%%//?’ Lindert, P. H. (1974). Fertility and the macroeconomics of inequality (Discussion Paper No. 219-74). Institute for Research on

A7 JEE:‘JH‘T%./\J’-%)@’] s %léﬁifﬁrﬁﬁﬁ)’%,

THH AL 100, 1830 S5 1900 4, £ H % A EFRIH, AAL

A A Ja R EALR
8 B Sy, R4

. TS5 A Wllhamson, 1. G.(1995)é’3*i%'%, A 1905 ﬁﬁ%l%ffm
FEE 1542,

GIFR, e RRR M MR A T A ZHHAE, iiﬂiﬁiﬁﬁ%ﬁiﬁ

AT AG EKIRIA, TR

/\i%jkfigééﬁl/\éﬁ 3 /f%c

f b R Fe 3k E ARG BeFh—— VA KA A IR Bh8g B Shib+AE G T A, BRRFAGTA,

X R A B E 4B ( Habakkuk thesis ) 42 %) 493 30 A
inventions ). iBiTdeFh Lk T ARG HAAE, WALE| RAS) A BRBh G HLES &

29 A 43 ( Labor-saving

“lk$/7r\/”$” ;:E}I‘L';

FH AL, BAR IR 32 & AT 4L ( Standardization ) 5 ¥ Z 4 E A4 ( Interchangeable
Parts ), #5BLAAKAAE AL, T IEIFA FHAET VAR Y K, BEAIE % T AL R 2

GRIAME R, IR AT Y LBEREATA-FHHNFERRAZ.

Broadberry, S. N. (1993) L4541k T 3t rb 4048, VAR E 9 FA-573) L E % 100, 1869

£ 1909 5, £EH2 bR $9J~zﬁmb$x}\947’+; 183, A H-2Z 1879 % % 1889 4,

M 92 FFTE 159, BRXA-ZEHHLE, ZITAAFEERG K

10 “F-89 B 20 - ALK

WA, RELERR TR LT 992 7%7, ,4?3&2?%1/\5bb%ﬁﬁ?%&%lk&bbtbiﬁfﬂii’t,
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B ARE P AL K H@3%m, Katz, L. F., & Margo, R. A. (2013)49 44 27, 1850 % £ 1900
£, FEHE Rt b, 8 EAR AL B AN 57.5%F . 64.5%, FhAEATR AL & AR
39.4%% £ 28.7%, GATRAL & A 3.1%F £ 6.8%., BAEEZFstkF, ERFLK
1289 & UK 47 2% £ 64.5%, 538 AT AL & FbAK 28.7%FF £ 36.4%, A% AR KA &
FEAN 11.6% % £ 11%, @ARK AL & AN 6.9%F £ 17.1%.

Bk 38 “kBa” S TFERRLTHLEMYGRETH

Panel A: Manufacturing Industries

1850 1860 1870 1880 1900 1910
White Collar 3.1% 3.2% 4.8% 4.7% 6.8% 11.9%
Prof-Tech-Manager 3.0 3.1 4.2 4.0 5:2 5.6
Clerical-Sales 0.1 0.1 0.6 0.7 1.6 6.3
Skilled Blue Collar 39.4 38.5 31.8 29.2 28.7 22.8
Middle Skill 2 39.5 38.6 324 29.9 30.3 29.1
(Skilled Blue Collar
+ Clerical/Sales)
Operative/Unskilled | 57.5 58.3 63.4 67.8 64.5 65.4

Source: 1850 to 1910 Census IPUMS; see Appendix B. Manager: includes Proprietors and Officials.

Panel B: Aggregate Economy

1850 1860 1870 1880 1900 1910
White Collar 6.9% 8.3% 10.6% 11.6% 17.1% 19.7%
Professional-Technical 2.3 2.6 2.9 3.4 4.3 4.6
Manager 3.1 3.6 4.4 4.3 5.7 5.6
Clerical/Sales 1.5 24 3.3 3.9 7.2 9.5
Skilled Blue Collar 11.6 11.2 10.7 9.1 11.0 11.9
Operative/Unskilled/Service | 28.7 30.1 32.4 37.7 36.4 37.9
Agriculture 52.7 50.5 46.4 41.6 35.3 30.5
Operator/Supervisory 23.9 23.2 24.8 24.8 20.0 16.6
Farm Laborer 28.8 27.3 21.6 16.8 15.5 13.9

Source: 1850 to 1910 Census IPUMS; see Appendix B.

FAF IR Katz, L. F, & Margo, R. A. (2013). Technical change and the relative demand for skilled labor: The United States in historical
perspective (NBER Working Paper No. 18752). National Bureau of Economic Research
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