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CHAT L. £, THREQZRY,

It is impossible to place the origins of the Internet in a single moment of time. (1) One
could argue that its roots lie in the earliest communications technologies of centuries and
millennia past. or the beginnings of mathematics and logi n with the emergence
language itself. For each component of the massive infrastructure we call the Internet, there
are technical (and social) precursors that run through our present and our histories. We may
seek to explain, or assume away, whatever range of component technologies we like. It is
equally possible to narrow Internet history down to specific technologies with which we are

the most familiar.

There are also many individuals that may be said to have “predicted” the Internet. In
1908, Nikola Tesla foresaw a technology that would allow “a business man in New York to
dictate instructions, and have them instantly appear in type at his office in London or
elsewhere” and would allow global access to “any picture, character, drawing, or print.”
Thirty years later, H. G. Wells articulated his idea of a “World Brain” as “a depot where
knowledge and ideas are received, sorted, summarized, digested, clarified and compared.”
These ideas were followed by a 1945 essay by Vannevar Bush, predicting a machine with
collective memory that he called the (2)memex, with which “Wholly new forms of
encyclopedias will appear, ready-made with a mesh of associative trails running through
them, ready to be dropped into the memex and there amplified.”

These predictions, however, do not help us understand why the specific events,
innovations, people, and circumstances that formed our Internet emerged when they did.
Doing so is not possible from the scale of centuries or single individuals. This column's focus
is on the defining inventions and decisions that separate early technologies that were clearly
not the Internet, from a wide range of recent inventions that may help characterize our

Internet, but were also built within it. (3) Thus. in this column we trace both the early

historv of the science and infrastructure that emerged as the ARPANET. and the trajectorv
of lopment it set for the even broader construct that we now call the Inter
(LLF, &)

[[##&] ARPANET -+ Advanced Research Projects Agency NETwork i, #{ C#I® CGEM I/ v
MBE=V Ca—F Ry V=2, A V8 =Xy NOBRERDBIAVE2—F Xy hT—2.

. Reprinted with permission from An early history of the internet [History of Communications] by Leonard Kleinrock, IEEE
HSR: Communications Magazine
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(Hi#:  Cardiff University, Al helps optimize power electronic converters, TechXplore, November 9, 2022
X BB, —HRER)

(Z#) power converter: TEHZHEER, current: I

fl1.
fE12.
fi13.
fil4.
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2. ROEXZFHA, UTORDIZEZ X,

A dwindling birth rate combined with a growing elderly population produces easily calculable results.
The population ages at such-and-such a pace, the working population declines and the dependent elderly
population rises, with foreseeable strains on the economy and social welfare programs. (1) The signs have
been clear since the mid-1980s, says economist Kazumasa Oguro. Little was done, and the crisis

proceeded unchecked.

All developed countries are aging, but (2) none as rapidly as Japan. In 2020, 28.8 percent of Japanese
were elderly — 65 or over — versus 20 percent in the U.S. and Europe. That’s nothing compared to what’s
ahead, says Spa.

In 2025 the youngest of Japan’s baby boom generation turn 75. From 2025 to 2040, the “working-age
population” (age 20-64) will fall by about 10 million. “It’s like a tsunami,” says Oguro.

A rising tsunami, he might have said. In 2000 there were 3.6 people of working age per elderly person.

By 2050 there will be 1.3. Where will the money come from? (3) Supposing the consumption tax to be the

p_em_em_b_LZ_%Q._That is, Spa adds, presuming the economy grows at a modest but steady pace of 1

percent per year. Oguro, for one, fears that’s overly optimistic.

(i3t : “The crisis of super-aging -how can Japanese society cope?”, JAPAN TODAY, January 22, 2022 X
Y Gk, —FimsE.)

(%) dwindle: BT 3 foreseeable: FHITIHEAR strain: f#8
1.  THRE(Q D The signs GEE) BT HNEZ AAFETEZ R IV, (20 XFELIW)

fi2.  THE@DOERICOWVWT, EOMRPE BERFTHEIRE,
3. THEHOZ BAHIZIRLZ IV,
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f13 ROV RT LAOBEHME (AT ADGEEBEKOE) & FROARLZFIHA L TRDZ I,

Ll e i o

det‘( [; g}) = det(S) det(P — QS 'R)
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20 2 AEERILRFERSEIE BITEMER (202 4F4 ANE)
<EHATHERE > —MRAFRR
(202 347H 8 HE) AREE . BRI B4 B Bk EE:2004

[%]

1. TREBEDOHEN : 156Hz~8kHz 2% L, 74 F R NEETEAL, 8y b/ H VT PMFE(
TRET5B. ZOF 4 DEMEROBEEEL RS K. BB SR EL Z L.

2. HABETHWOLNAEHITA B, 25N Co 3FEN LR Sh, FhEho4ARERIT 0.6, 0.3,
BHIC 0.1 Thd. 0RO brE—%RKD L. 727201, logh. 6=—0.74, log0.3=-1.74,
log:0. 1=-3.32 THH L L, = hubt—0FIEFIL2HET5.

3. AvF—Fy b7 ha)UZBL, IPMDIPT7 FLARBRRDO L IIZEEIND L %,
IP7 FLx 192.168.5.11
YT xy kw22 255.255.255.224
IDXRY U= T RLRERD L.

4. FACHNVEBBERT o ZEEICHEBRLTW OPORFIBEH L. 2053 b o0 22T THRIC
A L.
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20 2 4EERILRFZERFP BTEHER (2024FE4 A%
<ELHETHRRE > — R AZERER

(202 347H 8 BEM) RBRALE - HPSERIZEET 5 HRE BlA: 2004

(8]

TP (1), (2), (B) KDV THEARI,

e:+e-z

(1) 22— 4%y b 7—2 THVSNZEELER f(z) = tanhz =
f(z) = %xf EROEZ L,

@) TRO X %%y b7 — 7 MEERO= =T LRy b — 2 %25,

ﬁﬁ#ﬂ:‘i, Eif (1{5)“—7) ’5.’ w = [’UIu w12 HI13 Wo1 Woo Wo3 W 'w2] & L'C, }\7.7 T = [.’B] g 33] Iz
NTaHhz%E, RTEDS,

U1 = W11Z1 + Wi2T2 + W13T3, U2 = W21 + w222 + w233,
Y= log(l + e"‘), Y2 = lOg(l + e“’), vV =uY) +weyY2, -2=7.

SOk EDME (%) % E = B(w) = '%(z-1)2 ot E, OF OB

6w1 Bwn
DILBBELZODEZASTHobL LI,

Z T1,22, T3,Y1, Y2, 2, W1, W2

@)&%$&—ﬂuﬂ#§%@:L5wbéna.5v¥A7xyxbu&%#m:okﬁ%ﬁﬁk»u#%
ENLEFETHIY, FOIIRTRICEST, TORMAZHE-TWEIDI% 150 FERETHHHLZ IV,

(R Z%7)
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202 4AEERBILKRFERERE BTEHERN (2024F95A%)
<fl-+HEIHIEE> —BRAFRR

(2024%2H 2 4 HER) REBE B . EFERICEE 3 2 ErE il Bl : 2004

(i ##)
1] ~[8]2 5. BRI HEHOBRRMEZW/T LI 2 FIREZBIRL, MELRI,
R Lo A HIc R LT 1 M OMERE Vv, SREROBTEOMICER LICBIROFEEZILALRE,
FREMOREIZT THE ZNLRWEAREHEEZE>THIVR, TOEZHRLTIHZ L,

I gE

1] ARv—v 53X« VP —F
[2] #Eats

[3] ¥EEmEEE

4 Y7 ro=71%

[5] fimes

6] 25 4T1%

7] @EXy bU—2

[8] #WRFE¥ T%

II. BB OBIREH
OF — 3V A = REREZELT %4
[1], [2], [3], 8] 75 1 KA @®IR, &RV 7 fAMA D 1 FEik %2 @I

OY7 by =7 ITHEREEHRT S %4
[4], [5] 25 1 FEIRAZ IR, 78V 78 EN5 1 GUE SRR

OWMETHE LF¥ER 2 ERTHF4E
(6], [7] 225 1 BURERIR, %Y 7 HUKA O 1 BURE IR
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202 4FEERLKERERE BTENER (20249 %)
< HHRTHIERE> —RAZRR

MR B - FFRSICEE 5 R BER: 200K

(202442 A 24 8 %EH)

[1]

il 1 U FORBEZ IR mEEEL TR LS.

Vo2 EHIIRMEL, 202O0OTHTEEL TS, BE 1,2,3 ~OZORG 1 DX/ 0lgnkE, & THOBE
A, BBEOTFERIITORICELD THD. ZOLEOBEBLERYB/NCT I8 EEE RO SRESE
EREL2EV . LT IO j~DOBEEE x; (7=1,2; j=1,2,3) &T5.

BE 1 odh i b BER A
L 1 2 3 Pite
1 18 14 10 400
2 35 20 15 500
mE 200 250 400

(2) HAHYMBIETIE, H¥ERMPITB TANRL bOV T FEHATHNS, ZRMMETOTANRL FOKBEA
BUILLFD LD THAD. TN3A b 4 BT C 17: 00, 18:00, 19:00, 20: 00 N H#HEZPILTE
5. ZDLE, 1T00 o 8EETET A MOANEE x1, 18:00 o8BET AT V3L bOANEE x2, 19:
00 DoEEETHTNANAL FOAEEx3 & LT, BUDVROUARTIOV 7 M EWRTBEZERLLRE

.

i

DEANE

17

:00—18 :

00

4

18 :

00—19:

00

19

: 00—20

: 00

20 :

00—21:

00

21:

00—22:

00

22 .

00—23 :

00

o || |on |-

R 2 FHITHETMCB LT T ORMICE 222 &\,

(1) H3EOITIE, BR1RMYZYFEYS ABF L, BRAOTOBEORERMIII1I A THTHD. ZD
L&, FHEEEL LI AL ZRDL.

@) DDLELIZONT, A/pkpbTdHLE, WWIFHLTIIZBWT p BRTAHABICOVTIRR L.
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202 4FEEREILUKRERYR BTEWHER (202 4FE9AAF)
<HEEATHERE> —RAERR

(2024424 24 B%EH) ARERFE - EPSBICBE T 2 Kk BA:2004
[2]
)]

1 1 30

3 0 0 1

LU, SIKTEMERARZ MV X = (Xy, Xo, X3)T 233 BGTIERDE Na(p, B) K- TV

ZT%O
ZDEE, RO (1) 5 (4) DMIZER &

(1) X, O2%%ERD &,

(2) Xi+X, DHHERD &,

(3) MR EX +Xe+ X3) 2R X,
(4) BBV(X +Xo+ X3) 2R &,
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20 2 4AEERFIURFERER BIL¥H%ER (202454 AANF)
202 4FEERILUKRFERTE BIEHER (202489 ANE)
< ERTHRRE> —RAZERR

(2024424 2 4 A %) HEBEEE - BFEEKIZEIT 2 A M EAL: 2004

[3] MEREORBRUCOWNWTE 2D, HEL, AEEEZHLDTOIZ, pgr REOXFEHV, WEX
1, RBEEKE LGFR)1D 4 SORERE. AD), V(EZR), »@R51), D(~TARWERWTER
T35, e, 2HO0EBHE (K] L ) 2, £hth, t,f&dbbbT, b, 2o0mERXA L Bioxt
LT, ADHE L BOEBHEBEIC—BHIHLE, ALBREMETHD VW, A~B EHHDT,

(1 #R/EKX —(—(—qV—r)—-—p & AERREKXT, LV,mOolhbHARWHODHEET X,

2 #HEX PA—PA((p—@ Vr) LEMERRERT, REVBELEVDLOZRD X, 7L, RBERAORX
ik, TOREBXICEHNAAEFTOHBRAOETH S,

3 A=(((p—g)—r—9—p B<,

(8.1) A DEBfER % 1T,

(3.2) A L FIfE 2, WMIMANEHIL ORBEXOH L 2T X,
(8.3) A LFAIE R, REFEERORBXDH Z2ET X,

@) WREXOESE S RO L D ITRMMHIZERT 5,

TE .
EBROMEEEILS KR T S
-les
+AeS 2 bHiE—(A—1)ES
A BES2HIFAABES

(4.1) SOERT, MEEHELALENL2VHOOH % 3 D2%IT &,
4.2 TRTOMBELEICHAE 2BV YTHLE, HFEDASSIZ fTHHZ LEHAHE X,
(4.3) L&D AES LB OMELE p o LT, [A~—p TRV Z & 2FEHE L,
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20 2 4FEEREIUKRFERER BTENERN (2024F98AF)
<{GLATIRE> —RAFERR

(202452824 B8%EH) HREA B : FPskIZBE 3 5 AR BA:2004

[4]

1 koFMIZEZ L.

1) V7 b0 =TOTEHRMBBRDOLNTVAEBIZONT, V7 by =7 OHEHRFADOB AN LH
j ot o

©Q Y7 y=7FakR L, MRICHAEL.

@ Y7 =77k RAET VLMD, MRICHEHE L.

@ Y7 b o=TT7 %72 F ¥ Lidar, MERICHRAEL.

(B) V7 by =7 OESMRAE (verification) & Z MMM (validation) IZ oW TENENHRBICHAE X.

6 Y7 b7 ORSFELIZEAREED, WRICRAT L.

) BEAXTTANENZ 2 TH X MR EIZEARKD, MRCBRAT L. (2 7% 2 MEOH ZRR
THRELTHHLTL R

(8) #WELRFHTHV OB STS HEREICHSOWVT, YOk dRFENMRICHAY L. KL RTREL
THRALTHRW)

9) MEAHR VAT AT HHHORERTH B ) TVF A AMELIZEARERED, HRCHAEL.

(10) Xy bPU—Z BRI NEVATAIRODONZEX2 U T 4 LIXEARKED, MRICRHTL.

M2 ROXEEZHATEMIEZ L.
Ny Tre—2L, MRARZ Y, BLEFRZ LV, REC IHORIMER N—RF VAT LZHETS
V7 0 =TEEVED. TOVATLAZEBLLER, t—FIFLELTVS. FIERETHIRARS V2 1
Eff4L e —F R5E— FTI#T 5. BT — FTOMBPITMBRS %2 1 BT L —423HE— T
MBT 5. RE— FTOMBPITMARSY & 1 BT L & —FITHUTEE— FTMET 5. & —F B
WEIER S % 1 BT L e — 2B EEIET 3. £, BEZV VORI I3BERH LN LDHDRDLN
IRE (t°C) 2BBTHLe—FRRAEILTS. RAEEPZ, MBARZ U 2HLTH E—FIZFUMB
DRV, BEEEPIZEERY % 1 ERLZRICNBRE V2T L e —ZBMBMTEE LI 5.
(D) ZOP—REFVRAT A, BEOVAT LAOMRER, WRERMOBREIN T LT, 77 ARER
L. 77ADAY y FROBHEITER L TRV,
Q@ ZOF—RFZVRTFANNENOANEINDIER (XU F) KL, VATLARREZ YD L 5L
¥, POLIREI DZOMTHZ LT, REEBK (REBERK) 2iEReX.
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20 2 4EERILKRFERER BTEWER (20244 9N
< ATHIEE> —RAFRR

(2024524 2 4 B%EH) R B - EFERIC B3 % Xk BA: 2004

[5]

1. HoA#EL, RICKERTSE, FROBORIZIIROMEEL Y K
EVMEZFBAD, EMOEHARIZITROME X ) /NS WVEE T H
A2 TWVD, Fl, TRTOBARICBWTFE CEHZHLT
W3, TOX)RFHERLET—Z1E CREE) 2LV

IDEZREN,
2. HOAMEIZRNT, 9 BEETINE 523 FIHEZ>WV
TR LREN,

3. MoKz, 10 ZiEBNTD 7 OOFEICOWTHREAL,
10 ZEBMULEEOARZRLZEN,

4. ROARFEE»D, 18 ZHIRTS7-DOFIFTO>VTHIAL,
13 ZHIBRLI=#BOARZ R LR EV,

5. HAT—FEAIKHLT, LOFZHEM LEKROBIITEY bEZXDZENTES,
(A) HOAEERRBT 5T — 2 KA LR UHBRERNLR B,

1. DRBEZWIE LI L TROBENRKR LI RD LI BRAROEAZRLEZZ VN,
(B) HOAEENRET 5T —FER LA UBRERENOR S,

1l OFBZBRELIED) X TAOBEIBREBIEL 2D L I RADOFIEZRLRE,

6. TFT—HHFEA (BE HIBR, BNREOBRELZET) §554%T, 5. TRLE (A) & (B) oAD
ELHDIE ) VBB L ERHMOBAPOHERINVWEEZEZOND D, BHE EHITRLRZEIW,

7. TOT—FEOKRBFEE LT, AAK, AVLAK, RERLWoF—ZiENEITFLN 5,
IhHDOFHR, 1. OF —FWELZ L0 I RFHTHREBLIELDROINEZREN,
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(202442524 BEHR) HREH B : WREESIC T 2 AR B 2004

[6]

UTORTREND, HRZEHEL THFELSEIHESFRHY ETRHORRE EREE LS,

LI'(t) + R I(t) = V()
MD"t) = -KIt)2/ D)2+ M g

ZIZ7T, LR MK, gIW), V), D®) xEhTh, EBEEFOIAA VDL FIF R, af
NOEG, HEROEE, BRNES, ENMNEE, a4/ VNS ERR, 24 VOmREOENE,
EREA LMER L OFERE, THD, I'(D, D"W) 1XEhTh, It) © t I2X5 1 WB#S, DO t
IZX% 2BMRTH S,

M8 1. BIER~OASZ V) & LT, REEHZ bV x(t) ZEUNICEBEL, ZOMKEL
FROERERESF BN ZH T X,

i 2. BRADGEBIIEBRIV L THDITEL, IANDA U F I Z  RATERTEE 0L
T5 (L=0 ¢73), Z0LEXOBKELROERERESFEBRNZHHE L,

RE 3. FRE 2 DRITHT HBMERE B XD, V=vo, =10, D=do BFEFERTHo7/, T2
HbH, Rig=vo, -Kio2/do?+ M g=0 MBI L7, FEENLDOBINLREE v(t), i), dt) %
V(t) =vo + v(t), It) =ip+i(t), D(t) = do+ d(t) & T %, ZOEHFRIZKBWTTA T—RBEZHAV
THRIGIER 21TV, FlEREFEORZ BOEHRERESBATCHLbYE, 2721, R=1,M=1,
vo=1,i0=1,do=1,K>0,g>0 &7 5,

FIRE 4. B 3 THOLNEBRBIREBHFEXLS, vi) 56 dt) ETOEEBEEZHEHE L, &
EHBN 21T Zo

FIRE 5. FIRE 4 TELNGEEBRKICA VAV REER AN LEL SO AT EHE L,
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20 2 AEERILKERER BTHEWIER (202 4F9 AAE)
<HERIIRE> —RAYRER

(202442 KA 2 4 HZEH) HRBRFE . FPIERICRE T 5 AR ik BA : 2004

[ 7]
1. 7HaE8ET 4 PENAET HICRA L L BT L EEAADED R, ZTHIZBE LU TORMWIZE Z L.
(a) HEALERONFIC OV THERIZR~X.
) EAAEREKI8kHz], iz 16bitlCT e /EREF A PENMET R L X, FDF4UEL
WROFEZRD X.

2. WEOAN—Ty MCBL, UTOMWIEL L. ZIZT, ¥—"—0bRxy N\V—28HTZ7 74V
EX a—RTE8, 77 ANVOT—2KEE D, ¥yru—FRZhbholillE TLT5L,
AN—Ty MI DITTRO LN, TOMALIL bitls TH 5.

(@) IOM A b7 7ANEF Y a— RTEDISHPPoEEDAN—Ty b ERD L.

AT 2T 5.
(b) AN—Ty MIMEEBROEE X 0 /NEL 250, ZOBRHBIZIEW 27hdHb. BHO—DZIERRE.

&’4V9~*vbuﬁwT,MM?TFVX&IPTFVX@@WKOWTﬁ&I.

4. UTFOHGEC OV TMHRICHAE L.
(@) Fr—sUIPT FL2

(b) A X—FIPT7 FL A

() F—rES

(d) well-known #— h
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2 0 2 AEEREILKFERER BTH¥HER (2024F9AAN%)
<BELERRE> —BRAERR

(202442 A 2 4 BHEH) REF B : HPIFURICEET 5 R BEA:2004

(8]
TR (1), (2), (3) KOWVWTEHERRZW,

(1) =2=3 2y b7—=2TAVSNSHEHLBIB f(z) = log(1 + €%) iKOWT, LOWBM f/(z) = ja:_f x
Robiz L,

(2 THD &SR3y bI—I7MEERO=2—FNVAXy P I—22EXS.

BARMCIZ, BEA (RFXA-K)2Ww= [‘w11 W12 W13 Wo1 Wos. W3 W) 1.02] eLT, Ahz= [z1 zp 3] I
N3 ANz E, RTEDS.
U1 = W11T1 + W12T2 + W13T3, U2 = W21T1 + W22 + W23x3,
y1 =tanhwu;, y; =tanhus, v=wiys +woy2, 2z=1.

ZDrEDWE (%) %R E=Ew)= l(z—l)z”t‘%?%t%, o .2 a5 ¥ 21,T2,T3,Y1, Y2, 2, W1, Wa
2 Ow; ~ Own

et —e "
e +e*

() BMZSARY Y ZLIBERY 5 ARV ¥ ZIXOWT, FREFNOFEL RA%R 150 £~200 FRETH
BALZRE W,

TdH5.

DIERERBDEZHNTHoHLLRZEW. 2L, tanhz =

(i z = $T)
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