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ol

David L. Parnas, "On the Criteria To Be Used in Decomposing Systems into Modules",
Communications of the ACM 15(12), 1972-12, pp. 1053 -1058. DOI
10.1145/361598.361623 <https://dl.acm.org/doi/10.1145/361598.361623> — 1971
ZHA 718 A st g2 2] ZET} Aol A& PDF: <https://cse.msu.edu/~cse870/Pub

lic/Lectures/SS2007/ParnasPapers/decomposition—macklem.pdf>

LpA7} 2 A= KWIC(Key Word in Context) M1 Al Agolt, £4-5-2 ¢j2jdtol 7t
e dolE gFR 8 ol sAX] F dutileo s HHe SRie) 19509 A
ARl 7ol 2 A=, BA SRl o4t b ATk

YE9] 2 "its interface or definition was chosen to reveal as little as possible about
its inner workings"o]®, Zt HEo] ZF5+= Z1-2 "a design decision which it hides from all
others'th. gh=po] Qofo 4] 23] 2ol= "M% 7HeA 71&" o] w49 ool A] Y&

E@o] opet.
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!iiiliﬂ

19674, &

Zol(Melvin E. Conway)E= == ofHE H[ZYA 2R/ (Harvard
Business Review, HBR)o]| E Wt}

718 A7t ot dln HIAIE S5 Z v Aol it

Sid] 22]0] (Melvin Edward Conway, 1931-)

u]=9] HFE AR} 1963 =74 ZF ™ (coroutine)olZhE Fa A AL
(1% #%), 19580 HEA 2208 o]A1E23 SAVES wHEglo =ge
AAZ AL5 2x9] odEHE FIAoh —, 1980d o= HUE HFHE
At maZ HupdHE AARA. 2y 19 o]Fo] §2 A2 o Y
Z72 A 712 P 2o, 11 o] FEAF 117F 241 Ao] ofytt.
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SIH{E H|=L|A 2|5 (Harvard Business Review)

19228 &7t St E Agistele] Ao she- AR
HAofl 2ol H g ofolt]e] o] XA (canon) HEE 9

7 997k okueh, 7 W97 278 2 — dleld — olck.

A O =2 b Ao 28 771 AAE = ST A" e
oAl Moo= e ZHzh ZE 4 Aurd#E 2Ty SujanE] et

3uf A2 7F gtk o]oF7 |t

HBRo] g%t Z12 dlo[edtt. oA7F oty of A A=

1968 4€ 7|xj

=22 olZ4) dlo]e ol d (Datamation)oll AT}, BA IT Rofol A 717
2 A 19684 495, ARE TASE ol@A WA, (How

Do Committees Invent?).?
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H|o|E{H|0| M (Datamation)

19579 7rel ml2e] dlole] Mgl 41¢) HA. 1960~70d e el o] Hopel
Vg qgRLTE 2 oA A7t ohet AAXGRE Hol o 3
ofelelue] Eatelth — s FWe aTwel AU ol 9L

8752 b= wiAlol A WA|71E Ao 3t

QR A7 AR WA Aolats B AR WAk &3 AAdel
ol &7} )Tk Eolct
B

Zle1e] M2 (Conway's Law)ol2hz o] 52 2017t 01 A] ot

&O

7P de| wolsoxe Ai2 = HEA(Frederick P. Brooks Jr.)th.
19759 T aiHA alXl  (The Mythical Man—Month)°] 1 =%&

Ql-gstHA 28A ERIL, 11 o] Fo] 3tk

=8| E HEA (Frederick P. Brooks Jr., 1931-2022)

I o

)

IBM System/360 €A AL ol 5, 1 Amold e AL
a4l (1975)02 i} "kold 4NEY] Z2AE e o £}
o ATk BE 0] y2o] of 74 Lttt 19998 AL o] Aol A 17t

gL A2} ohfet gt

oli g =)
e 2 |

2

’l_
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ohE ARE . =2ol vhea # e Fl 19684 7Y, HEd T2l

21 Ao A 22 B2 (George H. Mealy)7} o] =72 Q25 t}HA]

M9 % o] Zo] Ak o] Aol H WS etk UG AL A7

W79 (Alan MacCormack)® 2= (Carliss Y. Baldwin)¥ A4 (John
Rusnak)o] TAIE ol7leiHer 2] of7|e 5] o] %A
a2 7Hd (mirroring hypothesis)= A5t &2 72 ATZEQOE
shhe 719eb] Q) 24jo] gEm shhe Fold 24o] WEUS o

FEo] AgEst ofgA thex

il
A
ox,

g_l_;d
v

oj2{2! 7Hd (mirroring hypothesis)

'zAo] Fxe} 1 2Ao] WE AFY T/t HEE WGINE YAS AF
FsT GHE RS A ZAole] BT BE e 24 FFsAolt. 249
AR FANMZE AGbRE "o Ee] APE(EA FE
WY A 1 1k JB)E A2 SA2 WET, B 4B FAZ ek
24017} & ¥ Zo] B2t o] Azgsiet
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4414

1967 2012 2026
@ @ @ @

HBR &t o 71 A3 0] 20| RH|
"5%elg”  Datamation XY Research Policy 41(8) A2t 7

a9 3 — WA SH7HA. o] Ao 377} st frHle o] Z1H ] LXK EelA HF 71t
0o= Fsict,

HBR2 S2[X| kTt

4408 BT 1 WAL YA e A= A,

AT, 27 AR DA HYW, 9o olgHrh As:

ot AE WA AHstal I BRYUE "He Wre Aol olEel &3t

2ol 71 (Inverse Conway Maneuver)©]2f= o] 2o]7] AJ2Fgh 712
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oiZ90| 7|= (Inverse Conway Maneuver)

rr

2ol HAe =72 Rl & 2. 23] o7|HAE AXH, HAst
oIFIEIHE WA Aoty 2L 1 RO AHWsHH 1 opr|€E 7} erths
dhatoltt, AE YA (Thoughtworks)®] 7]& Flojg7zt o] EES mIHct

9akell 4] o] 3] A7k &4l BAI7 GIrks Fe th Theet

Z2 F2I} A 2H AR5 Aot BARS 761 9] oW, AR A= &

o] glojFch ALt B o7|EHAE o= 4= Qlthe= o|opr| 7t H A,

AAZ 287 Q5= F97) Aot

ARe OAEG ZAAHG Zolrt Het AL o] AR olA
o] BALE S wh=L 5 AFHt(constrained)= Zlo|t}h, Aok A2

k)

-
(1Y

o
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197k gle. 29l
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ol

ghe] 9= Z4lo] 2219 Ato|Eof| 715K o] gt <https://www.melconway.com/Hom

e/Conways Law.html>

o] 23l Aol E o] A7 & "Any organization that designs a system (defined broadly)
will produce a design whose structure is a copy of the organization's communication

structure.”

Melvin E. Conway, "How Do Committees Invent?", Datamation, 1968-04. 5 <(http
s://www.melconway.com/Home/Committees Paper.html> — &3] B+ A%]
14(5) :28-31 2 22} glo]E{Hjo]Aofitk Qlrt, Zgjo] Hel Afo]Eo] A5 Azd 7=

oA %3 "April, 1968 7HA]5F Ath. o] AL U T E4E A EoR 4] ghe

i

Frederick P. Brooks Jr., The Mythical Man—Month: Essays on Software Engineering,
Addison—Wesley, 1975. ZJl°] ¥2] dAF-2 "Why Did the Tower of Babel Fail?" %

LA 9tk &o] Ei "p.111"2 19954 7|H ¥ Z<po] 1 1975 Wk 9] gom s
o] A2 Z4E A2 Yett,

ESA 2 A E5E= 212 1968 7¥ National Symposium on Modular Programming©l| 4]
Z2] W] 7k st "How to Design Modular (Software) Systems't}. o] -2 71 2z&
12} ghelobA] Zch. 122l Z90] 9l Ao E= BEATE Piztz Hevh — U] A2
T APl Eof gtk & A F o]k £k o] A2 SAo5tA] (=t

Alan MacCormack, Carliss Baldwin, John Rusnak, "Exploring the duality between

product and organizational architectures: A test of the 'mirroring’ hypothesis", Research
Policy 41(8), 2012-10, pp. 1309 —1324. DOI 10.1016/j.respol.2012.04.011

AELA 7)& Flolg o] = A <https://www.thoughtworks.com/radar/techniques/i

nverse—conway-maneuver
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4%

H| et SiLtet, [0k k= T2~

19734, AEHL{ =

59l(Carl Hewitt)?} H]$5(Peter Bishop)d AEFo]A(Richard Steiger)7}
[JCAIo W =20] AlFofl= Ql5A]50] Sof7tt!

Zt 9l (Carl Hewitt, 1944-2022)

MIT 9325 A7L4Y AFE B, HE Rel(Actor Model)d] &<erat.
EdY (Plannen)zh= 27] 345 T2 dolE TS, 1 Ajlo] AH
g2 oot 19 ndle FRIL HA| EPATW, AF FAALE FEE A
LE dojet m A Azt 1 AEE FRA O R gt Slrh

)

flo

1JCAI (International Joint Conference on Artificial Intelligence)

1969358 A9 AFA% 2okl G =4 2. 1973 2-AHEA dd
A132] ol HE =Fo] TRE .
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1AL AF AT Aad the A ZHFT A o] ofy et ALt

A 2" Aol ZE7bgTh =52 FHFE oflElAef TR e <lo] dAe}

AT FALHE oft2+ A7 vHHE "x= 224 Ho|H(position
At o~

I (Lisp) 2} AlE2H(Simula) @F A= E 3 (Smalltalk) o] 30|
AZ|A At Aol HE (actor)Th.

= M

o]r

BE o] deth, At AFHel geiel H Qe mailbox) 717 Thele
st AARE @ WMol sy LaHoR gt e 2

FEA &L, FAE Fol7he AL wA A #olH,

ol

oHE{ P& (Actor Model)

A ALY oA 2l dEE fARAE Hod A T & 4 A —

O e oA HAAE it QA AHE T Ottt HAIAE T2 o9

A7) FES v o HEAE §3 FHdlockk: glth. 72 oF5HGul

Agha)7b 1985d A=A olE d4He=z AR, s MIT
wEo A G o 2 gt

o] Al oA et o= ZAutrt ot Qe 9 E sty QoA = Hlo]E AE
(data race)o] ¥H#H o2 Er155ict AME|7ZF AR o)A gt HHof| o v A|A]qt

Helsizt, = o] B5o] 2L 2he FAlo] A=Y o] gir

¢
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o2l OTP (Erlang / OTP)

AR e] FA174H] SJAE o H < (Ericsson) oAl & HAEF(Joe Armstrong) 5°]
WE Z2 ey dojet I ZF gho]E @] (Open Telecom Platform). 3}
W7ol 9 — Tk FA A, FEH 29, F2 Foll 4 — £ o
FEAA EXth 19989 eEasg FAHTE =B (WhatsApp)el 71
et A e, £9] Ee AW oA O’ RS — /8% 2Ake
AzYo] 507 Hgat AH & i 2009t AFolxl, AH AAl= 9 o
TR

A71A &2 Aol 912 F A (location transparency)o|th. HEE 7t 7|+=
Fxe I dEH7E 22 Z2AA ko] SlE, 22 714l Sl HEA
Avel e Fgo] ARt Aol m=AA AEAPID)E =Z

I2AIAE 71 diot ohE L EO] T2 NAE 7 of A7 2o
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Hej5o] AA4e TrEHA AlSe] 714, shte] FEOAM W es Ui

ofo] =t} ZH= E & (supervision tree)tt.”

= Eg| (supervision tree) - let it crash

A=Y/OTPL] Holl Ae Fx. ZFYot= YA (worker) T2A|A flof] HEz}
(supervisor) ZR2A|AE Fil, 5= ZR2lo] HO0H H|g] AJsh M=
U3t —  one_for_one (2 AT AAIRD), one_for_all (FA HAE
AAZD, rest_for_one (L F w49 FAE AAIZH. A=A A= 4
A=ze] AAelet ERrt "ok AL Hrb ofvst Atk — Aujrp
o7tz A=A & Egle] BoFo g ula] A3l & Ao|c}.

sle o2 A et BEk 088 Aste SA gk Al 1700

o] 4ol off ¥HA A 1A= vrH-& A Zhetd Helr tii2o] QlofofA
Zo Fr o AR 2o, 2OE
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Al

Aol A= Hetdo] ZA. Z2AA7]E HEeE 78 4 fle A

o7k ohfet Bl ek, -3 ol giek

rir
Mo

AAE AZ1E ol AR FEeIA ALY PR §AT A e
AP, o] o)L o] He| FurRA th bk, o T HAekelo]
obje} EFe) A 2HT CI7 1 A2l S B

2] HAct A" Ego|A(stack trace) PR ARLL
AAE ATFAAE 4= glth HEl A7 Hll WA X7} BollA A=t %01
C7t 2AE AAZSITEA, 11 o]opr]= Al 9] 210 oA Ut

o male FR7b HA 2k dge FA WAY Axeles =4
Aol 4 @2} AohoraL, 1 otoltioli @A (Elixin 2} ol7HAkka) Z-&
& ojojzirt
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Yobrt olsmet A AR B4 £ES 92 & 9, Ad Efo]ag

b 4= QA A AHE mEiGe] g2 5 A o= A=A e,

1 o= Hrrt gekx] i Alkto] dekr] vt

ol

1 Carl Hewitt, Peter Bishop, Richard Steiger, "A Universal Modular ACTOR Formalism
for Artificial Intelligence", Proceedings of the 3rd International joint Conference on
Artificial Intelligence (IJCAI'73), Stanford, 1973, pp. 235-245. <https://dl.acm.org/doi/
10.5555/1624775.1624804

EJ(Smalltalk)= "RE

2 ABeHSimula 67 AH et FAAE A& £YTH Qlofoln, AR
e glojc}, o BLe o]

Zo] A o]m AR vl A 2e £EE 92 1
AR oA WA S FAO] GAF SO AN

3 Gul Agha, ACTORS: A Model of Concurrent Computation in Distributed Systems, MIT
Press, 1986. sF9]+=2-2 1985% m]A|ZF JSH(A] =% John H. Holland)o]th — 1+
A= MIT F91 Z1goll A o] Foif ot k9] = nlA kol A 'etet. o] & &3]
5,

4 go] AA w2 £ GAEF O] HiAR=zol| A2l=lo] Qlrth Joe Armstrong, Making
reliable distributed systems in the presence of software errors, KTH, 2003. <https://erlan

g.org/download/armstrong_thesis 2003.pdf) — 7H <= A|-S& 198602 X = 2%}
A g7k gk, o] A 1 AL E 12 FelskA] 3l

5 TP =2 52 WA <https://www.erlang,org/doc/design principles/sup princ.html>

6 9 ZRALE 2 SUD Yheap)& 2D YA w2 ek oA
A ALRCHHEF vhol el F2 7He gt AE Jog Ak oot ow})
347} glche o] PalVL oho SlEt o] vlel PEe ok,

7 AYAElixine 2 7P ABEAM) HelA Ei 012 20114 24 2 (José Valim)
1 RHS 3} ob7HAkka) JVM 919] el Tel9ich,

o

42


https://dl.acm.org/doi/10.5555/1624775.1624804%3E
https://dl.acm.org/doi/10.5555/1624775.1624804%3E
https://erlang.org/download/armstrong_thesis_2003.pdf%3E
https://erlang.org/download/armstrong_thesis_2003.pdf%3E
https://www.erlang.org/doc/design_principles/sup_princ.html%3E

=
o

Ul
Al

olol= o
-r|‘."_-|2|7 |' a2 M
1989, ¥st 7l 3|At
A #e] 155 (Object Management Group, OMG)2 &3t 7 3 YAIZ
SHettt. HP IBM-A-off &-ofw| 2] 7t -3-Hlol8 A E-3Com-7=ZHXL
fU AL 2 o] B S9!
OMG (Object Management Group)
1989y el A5 H|ge] 7| BE LAY B #igof FolA] g AT8
EZg S94 P WEL o] Eo|girh. CORBA 9% UML(EF
gyl Qle]), BPMNMH|ZYA Z2AA Yl 17|H) 22 HFo| of7]A
vl o] Fold FF AL o] 27o] WE BEBo| ohizt AHEEE WEL
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19914, Ho| EsIX| et=C}

CORBA 1.0 19914 1090 et} 214 mels} lejso]~ He] 2lo]
(IDL)7} Solztm, $4 8% et Aemo]A =
99ir. elof e C st

CORBA (Common Object Request Broker Architecture)

AR BE Qol-2GAA-7I A Gl AASe] Aze| WAEE 28 5 A
= Rz AEHol~ Ho] Aoj(IDL)Z Aok How 7t gloje] A (stub)7h
A E(skeleton) I E7F AL, T1 Ato] S ORBZ} F7R&th 1990t 714
ulEglele] EFol Hel @, Audet. o] MelH CORBAL AAE 719k
A=) o ALt
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ORB (Object Request Broker)

CORBACIA ¥4 AA ©&& F7ste 5. 2Esh= £ 84S Tor tiA
AAE 2, JAAE A Huyx, 3L HEHer TR Eole
I A HME &2 Bt — J70] AA =i, A9 AlFo)7]|=
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2E]ar whl 2ol it
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It AL, @ wige] ORB7} o2 #iHe] ORBS g 2 Frie
=olgit

1 t4L w& ZAo] IIOPdnternet Inter—ORB Protocol)o]xl, Z1710]
Eoizt A2 1996d 899 2.00|c}. 5.

2xt

a] 2] ol (Michi Henning)2 199595 € 2002¢7k2] CORBAE Tt
OMG ob|8 HE adolgls, ORBE 2y FARL, A4Yw
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AAE= F 7HA7F AR A7l A4 2740] glojA, FE diY 7le=
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CORBA®] ofg ¢t 2oz Fold, HEHIE ¢ HolA sHllv=
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Jdh HEY e 22 33 2 Ade] 2laL, #7143, A7t v A,
Ao r Auigttt, 24 934 Y HolA R o] zfo]5o] AetA]= Al
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OMGS] g3t PA| A o]F: <https://www.omg,.org/about/> - <https://www.omg,or
g/spec/ CORBA/>

CORBA 1.0(1991-10), 1.1(1992-02), 1.2(1993-12), 2.0(1996-08). 34 &] 3]1= 2.0
19979 0. iz, oli= WA| e ARt B4 Ae AR Aol melth o] AL
OMG®] A o8 n7]E w2t}

IIOP+= GIOP(General Inter—ORB Protocol) S TCP/IP ¢]o]l g2 Zlo]tt. 2.0914 #-2
12 Abgro] B3, ol A RMI-IIOP 502 o]ojZc.

Michi Henning, "The Rise and Fall of CORBA", ACM Queue 4(5), 2006-06. <https://q
ueue.acm.org/detail.cfm?id=1142044) — Communications of the ACM 51(8), 2008¢]|

45
BhEe H2es fulEo] MeE det ol o) AN s} Stk hirp://www.drevande

Rkl

rbilt.edu/~schmidt/corba—response.html> — 17} TAO(The ACE ORB)zt= AA|7H
CORBA ¢ o] /Rl A2 R1I=]2|gE, 1 o] x| o= AFo] glct. TefA o] A2
"7 AN 7RG AT JEAAE T shA] o=t

2024 o]% 535t 152 MCP(Model Context Protocol, Anthropic, 2024-11),
A2A(Agent2Agent, Google, 2025-04) 5©] QIt}. o] A2 o] 59| & o557 g
— oFF CORBAZE 71 AR (0] BAIE ‘3—1’}@%7})5 485 & S+ Urh
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cost is zero / The network is homogeneous.
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SOAP - WS-* - WSDL
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AEHo]AE XMLE HE o], WS-*& HPEMHA-A=H45
24 ) S wAle] EAolth. 20008 2 719 Egte] BT, 5
CORBASH 72 3§ — Sielslyl Fanc BAE WA wes — & Q.
AFe dAAN Bt 9ol Ael zol7] ep=ch.

o

REST7F AA= Aed Al7]= o=k 20064 2010 Ato]&2 ict,
IAE =m0 =5 eold7|Hks g AS wiZelsith. HTTP= v

oltjout lgitt. JSONo] XMLEth th7] Halth, ¢ HehexoA Hvi&
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Roy Thomas Fielding, Architectural Styles and the Design of Network—based Software
Architectures, BfAR=1, University of California, Irvine, 2000. 5% ] RESTt. <https://ic

s.uci.edu/~fielding/pubs/dissertation/top.htm>
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Aol A%t

FEHo]x

AJA 9] d&F AFS A2 H|(Sorbet) 7} ¥kt Y= dry—schema $1°]

ZHA| AJZFSE  Component::Schema 2= Sl|A] A7|at HF 2ho|HEgE

Redl, A B738e w2brbr] o2 flal 534t Aloks AAD o HEY
e =A7E AT 22HE &7 F 70l HEHUE FAIA A=Y

Aote BHAsHs 7|8 w77} Ht,

Packwerk®} A2H)| (Sorbet) —LIE YS 5l= £ £

Packwerk+ &1 mto]7} REE0] 20209 9¥of eEAAE FIHT FHS HA
2A7| "ol HEUET A HEUES YWRE F=x =
AA AAS AZth A2 (Sorbet)= A~ E=FO] I (Stripe)7F BHEo] 201919
40—7H°Wr FH-E M3 FH B AR, 71€ ZE9 BHYS dste XHH
T Utk fujutolof A AEH7E B A2 A flolA 7= gk
2 — Foe FH 730l 47t — otk & t FHlols At AT
gen=z  dHEol  AHH  HAR  F1,  CIgt odEelAd A"k
<https://github.com/Shopify/packwerk) - <https://sorbet.org/>
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Z9ch. BlAESL o B3 He] 222 FA4 Gure

sheth Z20] MRS, 1o 27k Aol 1, Alge] Glojof et

Packwerk ARl 7ottt il I 277 2n, Z4 A JAx2e
MEA7E BAAeRE A Y2 AR, I7S A& sHH Fola Ao}

S27F Egsitt. Ao s WS oE2 %A o

BAE A71< "ol BSHONA 71A ALz SARH.

of o] gl A Sl Aol & 714 Ut
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ol

Kirsten Westeinde, "Deconstructing the Monolith: Designing Software that Maximizes

Developer Productivity”, Shopify Engineering, 2019-02-21. <https://shopify.engineerin

g/deconstructing—monolith—designing—software—maximizes—developer—productivity

Y& "Monolithic architecture is the easiest to implement. If no architecture is enforced,
the result will likely be a monolith." | =] tigh A2 72 =9] "due to the global

"

availability of all code at an application level

Philip Miiller, "Under Deconstruction: The State of Shopify's Monolith", Shopify
Engineering, 2020-09-16. <https://shopify.engineering/shopify—monolithy — A 7]

A Y8 "Call graph logging produces a lot of data, so it's hard to separate the signal
from the noise." / "Sometimes it's not even clear which component a call is from or to." /
"took over an hour to run, which doesn't make for a useful feedback cycle." Packwerk
L9 "we developed a new tool called Packwerk to analyze static constant references."
A2 H|7F A SE A "Initially, we built a hash schema validation library called
Component::Schema based on dry—schema" — "we ran into problems keeping up with

breaking changes and runtime performance for checking more complex contracts.”

22 2. Y& "Even if a centralized team could make it happen, the design would

degrade once the team switches its focus to something else."
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19564

U (George A. Miller) 9] =& A== =27t Eoi7ttt. vpHol 52} 7
EejantolvA 2, BAl= JE A §5Fo] E 712 eHAof Toto] At !

ZX| Z2{ (George Armitage Miller, 1920-2012)

AT} SPHEA 712X vl=r A2 ekat Q125 % (cognitive revolution) 2]
A F otz JI — FA| FHRAD F5FY7F "MK T Do)

A= o] o] ofyrEtar 2 f wrel, "= S HHE
Aot Ala”o R TRt o] 9] =72 Aestol|A 71 gol Q185 +=
% shold, 1 §IA|7t o] =8ol o8H R Yoy sirh Y=yl
(WordNet) ] ZA| 2ol 7] & St
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ol =tz dd J&HL, dF] 8FHAM R dES du =

AGsIeAL Sl B3 AF A2 DEE A9 x| 07|
vk
20014

T (Nelson Cowan)©] 1 S=AHE thA| AlAkghet,
=7 AFo] tiddoeltt, ©@r]719 9] upye] &2t 4. BAl= A A%

&g Az’

WA A2k (Nelson Cowan, 1951-)

g figke] QxR &Y 7Y (working memory) A9 F4

QIZolch, 19] 7]el WelS whatet Zo] ohet Welo] 4 Role 2R
AQA Eelal W Rolet — 54&47154 Jolel 2712 Aotd &4 Gepo] B

e Ad AAC ddth "ele 72+ Aol £08  HRAL
(rehearsal) =& FolA(chunking) 719lot= AL =2 42 AfE|9

£ Ajgehd W B 4+ 10] e,

N
[UHJ

A, T 7R

£lx|7|et Hoj2| Al7| (rehearsal / chunking)
Hy7Ee £og HrES) 7]9E fAske A — HIHIE o o
FAAE o] olZloltt. Pole] RNk ofe] G2 ofn] Qi o WY B
21 — 010 1234 5678 = 117} =27} o2} 35)oj |t} o] Eo] QIO %
S5Fo] At Zgho] 7t AL F HEHg AdF o R Fa5ta
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Ao Wash 7ol etk ARG & e It 24 4

A Aol e AF A9 Folds BE 4 Ax A%

= A& Az
20%%o|ch, 22d 1 golelso] el WS FAlo] Aelshol grha
AL FA A, goto} ] A= Fol ek,

7Hrs] 241 Qe A BAE A mAE A2 E2 dof ofytt.

X& —7taks| 3 7]

7+2
22 1956 — &l 7|-EH0f2| 517|2 x| ek Ay
ZE — 2AIE XI5t whx|7|
VRSV Y
41
DL 2001 — 5 MBS ACHEIH, S £7} OILI2H S Afo] 27e] £7} 518 BHECE

3% 13 — A 2242 T2 gt o] FHo] 3% AA|<] Wyjst Ak,

19884
243 (John Sweller)= ISA AR, 27 E28d EAE 45ty
kS, E5] BXSH BAE ol o & 7t=E Z17 .

198860 =R ABL TRA 2 Fo] QAnak sl vAE @

(Cognitive Load During Problem Solving: Effects on Learning)tt.”
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& A8 (John Sweller, 1946- ) - QIX| 55} 0|2
T3 FARAAYA digte] wsAlEEat QIAHESE o]&(Cognitive Load
Theory)& A%t B35S WAIA (ntrinsic, &A1 A7 2 7FA o]28)
QA& (extraneous, H A -1t 7271 Q291 W Q3 of2]-2) 02 et}
o] Ao AAA AL 17t WA FRotE Aot Folth F59 Tt
olyel @4 ArTZEA(element interactivity) — FA]o] I sfopat o]s)r}t
Adots 94 o] 4 — o2 Holgitt, 47t 2 w9k == & /i Fobrt
U, A 2E gotofgt Lol 5ot Al Bt =rt°
T JolE 7t2E 7|8k o714 U2tk 2AE AANT dfof & do] IH=EH
°o =

A Ao, ofyd WA Ho|tt, FEHo]A] 7] F o' AL A&

297t ARt B2 A

A2l E.

Mo
2
e
N

9ol dels a7tk Aol

8l 0]Zdo] of7[=lix{2| ofof7[ 17t
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B Grhe 22 vfslgo] B4 gob Hekt Folo,
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ZHol7t Eet Ak A= 24 HlE2] A Atro] o4 Weold IEe]
s

o[ ool A Atk 2FA o8 Sofdtt]

S A2l BarshA the A btk $e7t 1 BEAS g Wl &
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tlo

AR 71 F 07 P ghe A2,

AR, AA ol etk 224 oleF & WA WE e WA
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= & A7) ek 7 27ke] Fale
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ol

George A. Miller, "The Magical Number Seven, Plus or Minus Two: Some Limits on
Our Capacity for Processing Information", Psychological Review 63(2), 1956, pp. 81—
97. <https://doi.org/10.1037/h0043158

Wel Hele =2 A Betel A of %Z}Oﬂ Ael ek SEER AUW, TS 44
Aoz meka W Ho] girk. UL 32 48 7742 Adskehs 2918 o] g4 ojet
o] gheth — Shelo] Mol B2 sjolg Wt 1] whgolt.

Nelson Cowan, "The magical number 4 in short—term memory: A reconsideration of
mental storage capacity", Behavioral and Brain Sciences 24(1), 2001, pp. 87-114 (5=
=3 23} pp. 87-185). <https://doi.org/10.1017/S0140525X01003922

John Sweller, "Cognitive Load During Problem Solving: Effects on Learning”, Cognitive
Science 12(2), 1988, pp. 257 - 285. <https://doi.org/10.1207/s15516709c0g1202 4>

1998 A o] 22 of7]of] {4 K5k(germane load, 8ts5 AHA|o]| 2Aol= FshHE HEF
Rk of W= 20100 A Al stell A 23 ERict — o] Folglo] ME} RIEES
Hots Aoz o wiee #ed7]o] Aoz A Fe). 3872 8ot 24 AAm Tt
o H 5] Wt
4 AT AgAo] o] Ao A7)} of 2t AR W Z2 Toleh= Hol Fastrh 12l o]
Agoll= o] Aol f2lgh gdo] st v Sk — Ao 28442 2hm of A &/do] ohyzt
A= x g o]9] AR Aot AEI= o] 845 sho] A7|nta o] o a-gA]
A S FEh 1949] "@3l"o] eli= FAof At A<l o] g7} 7] gir}. thut Y] wolof
S Aol Qlek — Qlz] Ko} o] 2o] 42 A7 A7|ut S15S Sy 4 Al Aol

SE §ARSE A7)0 S5o] ohch, F20] o] ZHAY olHe] ok,
o},

on P

19 1571, 12701 667). BE27F Tiim A

o 3
HE RE0D & 2A7%} o] A F7e,
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24 3A (Ronald Coase, 1910-2013)

= ey AAska. T 7]9e] EA | (The Nature of the Firm, 1937)&
BT HEFT, I =Tut ARG A Lo B4, (1960)2 19919 -4
ASdS Both T =7 5 F£40o] A9 gl AFRo 2 EHof ity Ot
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R. H. Coase, "The Nature of the Firm", Economica 4(16), 1937-11, pp. 386 —405. DOI
10.1111/j.1468-0335.1937.tb00002.x — 3JAte] &4 o]-F-2 A|A%H Z-2 "the cost of
using the price mechanism"e]th. 912] gHA|of] sFsh= Ale (el o] 2417, 71977t
WASAE AH Gl MGk ¥ S St AL o]} oblet Blake] 717t

FE AR AeHE Aol ek, of Wake S0l Aok 24 A7t .
137 40| A4 o]u] & n(n-1)/2t}. Frederick P. Brooks Jr., The Mythical Man—Month,
Addison—Wesley, 1975.

R. I. M. Dunbar, "Coevolution of neocortical size, group size and language in humans",
Behavioral and Brain Sciences 16(4), 1993, pp. 681 -694. DOI

10.1017/50140525X00032325 — 19924 Journal of Human Evolution +=%0°]
Aol

Patrik Lindenfors, Andreas Wartel, Johan Lind, "Dunbar’s number' deconstructed”,
Biology Letters 17(5), 2021. DOI 10.1098/rsbl.2021.0158 — ¢ 3|H1E A4 o=z
AFAsHH AFEH 27t glol Al et 27 2521 95% A2 F1te] g AFsl4ofl A
7] Holth= At HHE 2912 o] Ao WHEGIY, =2 FAEA] gt
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83 A7 o2 288 1582 H2Enh xAl=
LT EILETL 20| g o™ d EFo] A9] @-&o|t}, Fal= 5070t}
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Ashish Vaswani et al., "Attention Is All You Need", NeurIPS 2017. arXiv:1706.03762 <ht
tps://arxiv.org/abs/1706.03762>

Q% =3 Table 1. & 94 2o B4 v Wof|A self-attention o] O(n® -d), recurrent
Jol O(n-d” )t o] Bl Qlut upA T wjfof F& HA] Zoln= AA 4o 4
n’ /20 7V4tt — Ayte] ATk o1 5] Al Folct,

L2 =7 §49 B4 "self-attention layers are faster than recurrent layers when the
sequence length n is smaller than the representation dimensionality d". 2017 2] Z4 4]

MM o 2L & Fol ek,

i

KV 7JAl 37] = Z 4= x KV 3= 4= x S 29 x 2 x AL Hlo]E x EZ 4= 70BF
elo] Ay A 144805, GQA 83ﬂ S|= 2p¢ 128, FP16)ol 1009+ EE-2 thstH
o2k 300GBH|7F U2t 15 29 ﬂ?ﬂéﬂ(GQA)o] o] AGE A & A o), Aetat
Holo] I 712 "minor quality degradation"o]2} 2 1T},

Tri Dao et al., "FlashAttention: Fast and Memory—Efficient Exact Attention with [O—
Awareness', NeurIPS 2022. arXiv:2205.14135 — ©]|&29] exact’} o]}t A7} of et
T S ThE AR AT Ta4 B0l BUSHL, 1 FUHo] o] F Fire] =2
(W)= &2 277} B,

Manzil Zaheer et al., "Big Bird: Transformers for Longer Sequences', NeurIPS 2020.
arXivi2007.14062 — 3]4- ofdlld o & b4 ofgld o] mdeS Ul eH & 471 =24
Solof ehth= AT} = <l ek

17 27] g 2k FRoIA £40] S BAle) IFEeH: 4ol ofel 2 gek. o]
A2 1 ADe] AY $AE QgokA g1 T Ak,

Meta Al, "The Llama 4 herd", 2025-04-05. <https://ai.meta.com/blog/llama—4-multim
odal-intelligence/> — "industry—leading context window of 10M"¥} "both pre-trained
and post-trained with a 256K context length"7} 752 #o]z]o] it}

MiniMax—Text=01 29 7} = "training context length is extended to 1 million tokens" /
"can handle a context of up to 4 million tokens during the inference’. RULER 2=
1009H7k2] Bar= (1Mo A 0.910), 4009+ Az eln] 29 9lck. <https://huggingfac
e.co/MiniMaxAl/MiniMax—Text-01

Magic, "100M Token Context Windows", 2024-08-29. <https://magic.dev/blog/100m—
token—context=windows) — H7}]| 2 HashHop2 AHAF7F A A AT ("we've designed
HashHop"), A& SA"API-55 H7H7F glow, o] Hhak o] ¢ s|xp 2200 Af o] glot.
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https://magic.dev/blog/100m-token-context-windows%3E
https://magic.dev/blog/100m-token-context-windows%3E

11 MiniMax-M3 28 7}=("IM context”) + xAl @ 24 (grok—4.6 500k, ©]4 grok-4.3 e
IM) - HE} F4] HAF4of Llama 4 o] B ¢lg, %15 2026-08 Al ®lH 12} 741

12 OpenAl 2dl FA (AEAE 1,050,000 / o 4= 922,000 / 272K =3+ A] 87 ZA| o
=) - xAl Rd EAQ00k =F Al A EZ AFY 28). E o} 2026-08 Al H.

13 Petar Velickovié, Christos Perivolaropoulos, Federico Barbero, Razvan Pascanu, "softmax  «
is not enough (for sharp size generalisation)", arXiv:2410.01104, ICML 2025. Lemma
2.13} Theorem 2.2. A17A-50] A & GH: Fa5ig HE tHdotd AAZ HE

FolokA] QA L2, A% 23| AXACE o @ARL B Fch,
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27 gtk 283 A3 WA AE RE B FA47} o

rr

o2}

Tt

2 n

E3 (token)

Ao malo] HAES ThEE Hi Ul wojutt Zu xwct Atk —
Golo i T2 424, FHFolo AL e 1~2247t @ Bl FEeAE
Sozrlet 7% wge] WEsh dernh AYA Aol AAFE 1F =~
10~15E2, Z 108 272 Zedes 100% B2 FRolAu 1 oot
AYAE Q597 B2 W92 BuHE olfolw, 1839 £AE A4S 1
D a5 gt

Hi
=

>

IS T

rir

Q,

F

18] o (NVIDIA) 7} 9h= #ixmF=a. 7} Qle}. ©]5-2 RULERH:.

WA oldo, AM(zHR] WHY), tF 7l-g x£3], W F2, 1A,
Ao3H — oA HFE Al AAE AYAE Zdolg =37 AlXIth
a2l 7EAdS st A%tk Llama-2-7B7F 4K HHAEO|A Y=
deolth. ofd mdo] ZolE Se7ithrt 11 A offlE "olA+=
2]4o], I mdlo] Ag AHAE (effective context length)Th.

AlS 7{EHIAE (effective context length)

FaE Hd Zdol'7t oflzt F&o] fAEe Zol. RULERY Aoe=
FA Aoty — Llama-2-7B7} 4KellA HE H5085.6%)5 dALLRE Fal,
ZolE Ee7lth 1 o2 "ol A ZolE 11 RY] da HHAER
Aeth Al JA4E B2 21 AL JYAES 22 »YfFLE X M He
A7 Z&5 Aol o] 99 ga=olrt.
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d=ojoje| X

d=C0]|0f|A Ht= 3t7]| (Needle in a Haystack, NIAH)

71 ElAE("AzHu]") oF ojdstof| BeH B4 Sh('HES")E Ao} =11, mdlo]

IRAE ol He HAE, 202349 9] f§A4 71 AYAE mdo B&

B 2177t fHoh. A ©] 3AZF Y& drks Aot — AR AY Aol
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23 i 5=2; st AR A2l ARt Hell &5k Yl sttt &2
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Lelo] gk ol 129 80| 1L, gL =Fo] i3] A& ol 8ot
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FEHo| A7) ojx]3E AH Y 235]3 oH& 4 At HIssHA A1 BEo]

da HeE 9 gAER ste Ao disiAx vHEo] 9l

ot A3z Ao Ads AYAE -9 (Maximum Effective Context
Window, MECW)2t= 7Hd-& AlQHeteh. AMEES of7] §A]o Hols1
ofg] TR HAZ A Ak X oW 1 HEe da HIE H
Zoltt.”

rlo
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83 1 3717F Ak, =R2o] BAS U2 7|W o)t A9E 2d
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20261 Rt W2 4l S RESel tisiA= RULERS] B
M7t ok HEEHA &YTh 10008 EEE Fishs REES da
Aol disiA e S S4o] glrt. (100832 4] ek — J12ja 1
A7t flell A7 61t 434-1%F 633-47d mtele})
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Cheng—-Ping Hsieh, Simeng Sun, Samuel Kriman, Shantanu Acharya, Dima Rekesh, Fei
Jia, Yang Zhang, Boris Ginsburg, "RULER: What's the Real Context Size of Your Long—
Context Language Models?", arXiv:2404.06654, COLM 2024. <https://arxiv.org/abs/2
404.06654) - .= <https://github.com/NVIDIA/RULER) — E29] T glo|HIZJEE=
Yi-34B(gaL 200K, A& 32K)9F GPT-4-1106-preview (1L 128K, 2 & 64K)tt.

RULER i=2olt "Aa AdAet gae] 9 HAE"sts gejo dusht gk,
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ol% mel7b EEe 5|8 LB grolw], =B Ee} o] AR ok ek 27 AzoA
B3] Holt "S0~65%"F S AME WAle] SHIEIA] of aotoln], kR

ohet.

Ali Modarressi, Hanieh Deilamsalehy, Franck Dernoncourt, Trung Bui, Ryan A. Rossi,
Seunghyun Yoon, Hinrich Schiitze, "NoLiMa: Long—Context Evaluation Beyond Literal
Matching”, arXiv:2502.05167, ICML 2025 (PMLR 267:44554 - 44570). <https://arxiv.
org/abs/2502.05167) — E&29o] /|8 $=2]= GPT-40(7]5F 99.3% — 32Kf| 4 69.7%,
a1 128K, A& 8K)T}. At 9]t NoLiMa<2] A3 Zo] A4 RULER®] Llama-2-
TB@4K7} ot} ZF Bell 4419 base 4= X 0.85th. & #lAup3.9] "A g Zo]"g &2
ZHE AN A vets] s om oF "k MA 90t arXiy v1(2025-02)2 "1271 F 10712
23] 911 25| H READMER of#] 71 =2k, 222 v2/v3 @ ICML T29] "137] &
117118 w-Ett,

Kelly Hong, Anton Troynikov, Jeff Huber, "Context Rot: How Increasing Input Tokens
Impacts LLM Performance”, Chroma 7] 8|2 E, 2025-07-14. <https://www.trychrom

a.com/research/context—rot) - 1@ FE=: <https://github.com/chroma—core/context—ro

© — Y& "we find that structural coherence consistently hurts model performance” /
"Shuffling the haystack and removing local coherence consistently improves
performance.” 2252 of§IA wlAUZIE] BA S 7Hs/ S =R gt WAYS
L H9 vroleT WA

Norman Paulsen, "Context Is What You Need: The Maximum FEffective Context
Window for Real World Limits of LLMs", arXiv:2509.21361, 2025-09-21. <https://arx
iv.org/abs/2509.21361) - A'@¥: Advances in Artificial Intelligence and Machine
Learning 6(1), 2026-01, pp. 4853 -4878. W& 113, 74| 4%, 748 MECW gh-2
=R ®rhotyet JEnegt Ay gong EA ux o] HEkt EE £5 o] :=RoA
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RAG (Retrieval-Augmented Generation, ZM ZZF MM)

7o) E0]0W WA Qi FA HFAoA A 22HS 2

%E of o BeoA g5tA s w4l 20204 %—Eroﬂlﬂ 01 o] %%11
olF gl AYgct. ¥ FFE Utk — EAE XZWE 7 (chunking),
om7t Hj&gt 27bE Folre HE dojEH|o|A, Fol FTHE A F
A= WA (reranker). ©] AF HA7F shte] A Qe A ol HAgE
ZstH "t

AAE shlnt. AMo] ghstel E47} AehAlet,

Al
=

0%k

20254 9] gt =Fo] 1 HAE A|Hgiet.’

Amo] Agolct. T 7o) YF|E AHAE oo LLM 4ol
AstEtt ; (Context Length Alone Hurts LLM Performance Despite

Perfect Retrieval).
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7t 22 2iCt (Lost in the Middle)

20230 TRE T 2024 TACLY| AY =7F0] Bug A4 71 gl B
TAZF Wogrolur W Hof Qlow F . s glow wXd — A5
Ao wet JeH Uz 4o vdath AAES 1 F 5 YFE #
(primacy)® SFE H(recency)olzt £ — JAHS =
AN 82 ofyrh. tiet avt= Bduith #d5kA] ¢, o]lF ¥ AfE
Lttt o] &o] ==7o] Al HA = A ASt= o] Hi=Z o] Argo|rt,

T RE 2AS AR 2 go] itk 97 BAZ A 4 Qe
w7 o},

e Ashr et 34k E2o] 2wl 2 AA o] 17%Mistral) @} 2 of
20%(Llama)7}A] GofKlct.
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Patrick Lewis et al., "Retrieval-Augmented Generation for Knowledge-Intensive NLP
Tasks", NeurIPS 2020. arXiv:2005.11401 <https://arxiv.org/abs/2005.11401)

Yufeng Du, Minyang Tian, Srikanth Ronanki, Subendhu Rongali, Sravan Bodapati,
Aram Galstyan, Azton Wells, Roy Schwartz, Eliu A. Huerta, Hao Peng, "Context Length
Alone Hurts LLM Performance Despite Perfect Retrieval”, arXiv:2510.05381, Findings of
EMNLP 2025. <https://arxiv.org/abs/2510.05381> — ®dl 5%&(Llama—3.1-8B-Instruct,
Mistral=v0.3-7B~Instruct, GPT-40, Claude—3.7-Sonnet, Gemini—2.0), 4| 4%
(VarSum, GSMS8K, MMLU, HumanEval) @ 25k 3718 RULER QA.

Aes]E 240 5Holgke = =8 Figure 19] dlA] A olt}, HEo] A¢e

0-7,500-15,000-39F EFo]al, F=0] A A¢o] 37508 7H4 02 3uk7kA] 71t} o]

o] 1 1YL AR oL A AL 0] o] ERo| E5E T FTOR YFaly]
ol 28t 530] S| HaEZLo|o A} ohic,

Nelson F. Liu, Kevin Lin, John Hewitt, Ashwin Paranjape, Michele Bevilacqua, Fabio

Petroni, Percy Liang, "Lost in the Middle: How Language Models Use Long Contexts",

TACL 12, 2024, pp. 157—-173. <https://doi.org/10.1162/tacl a 00638) - ¥ A=
Mingyang Song, Mao Zheng, Xuan Luo, "Counting—Stars: A Multi—evidence, Position—

aware, and Scalable Benchmark for Evaluating Long—Context Large Language Models",
arXiv:2403.11802, COLING 2025. § 4.2(4 Al=o] "Lost in the Middle"e]t}) — "our
findings can not strongly corroborate the lost-in—the—middle phenomenon." ©] 22 o]
e Ak @A 8sHA eheT &5] Es "20~30 HAIERZQIE sttt 67l
AL & v 22} Q.oFe] Zpoltt,
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Xuefeng Li, Nir Ben—Israel, Yotam Raz, Belal Ahmed, Doron Serebro, Antoine Raux, L
"RepoMod-Bench: A Benchmark for Code Repository Modernization via
Implementation—Agnostic Testing", arXiv:2602.22518, 2026-02-26. <https://arxiv.org/
abs/2602.22518> - #lx|ut=: <hteps://github.com/Modelcode—ai/mcode—benchmarky
Z2 uncrustify (C++—2] A E, 169 234 &, HIAE 2,02471), 19.5%7}F
H 212 galculate(C++—Go, 219 14 &, HIAE 5647])t}. o] HE 4%F2] A A

= 37=(Opus 4.5) 48.2 - YA CLI(GPT-5.2) 30.4 - LEIFT+ZZE 42.0 -
E+GPT-5.243.0. =29 4 & 772 19 nlek / 19— 57k / 57k o]4fo]H,
e S ke A & 2ol A Fk STte] ofy . 20261 84U FA
m o) mel oo sk Al SHlEA) ke

fo ofl b
eV
Rl orlo 38
iy
fu

=
=
|

Y& "This degradation persists despite the fact that modern coding agents can read files «

on demand and manage arbitrarily large codebases through automatic context
compaction. The challenge therefore lies not in fitting code into context, but in
maintaining coherent architectural understanding across thousands of interdependent
files — a qualitatively different problem from the context—window bottleneck of raw
LLMs."

Qirui Jin €] 1591, "ChainSWE: Benchmarking Coding Agents on Multi-Bug Software e
Maintenance", arXiv:2607.02606, 2026-07-01. <https://arxiv.org/abs/2607.02606> —
RepoMod-Benche} upt7k2] 2 20261 89 @A 8t8] A4 o= S1=7] kgt —

YE: "summarizing the context or delegating file edits to a sub—agent consistently

degrades performance." =73 F A} =& Table 39] 34| § =& (Claude-Opus) 2]
A o] A=o] opet FAA|2kaLl PAIE o] AL, 59%/70% Wi 1 Ft 2]olA]

AxtE e, Oracle(i¥ 2718} 2719] 312 Baseline 58.6 / Summarize 64.3 / Sub—Agent
49.52, 919 32 Fol7t Qe AR oA ® ofn] Z]E R et W

Jielin Qiu et al. (Salesforce Al Research), "LoCoBench—Agent", arXiv:2511.13998, 2025- «
11-17, §5.4. <https://arxiv.org/abs/2511.13998> — Y- "several models actually

improve from Easy to Expert scenarios'gt A1, 71 o]-F-& A&7} o] Z2ZAEZ} "more

explicit architectural documentation, clearer module boundaries, and comprehensive
README files"& 2t7] il Zlol2tal &3t (likely stems”, "'may employ”). A5
Aol ofyt}, E3F o] MAwpa9] FEH]|o] A= LoCoBench®] A4 wo]Lefel

]

Azgolng, A0 Betdol gAo] AR Ths Aol 7 AN A4HA g
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Andrew Hunt, David Thomas, The Pragmatic Programmer: From Journeyman to
Master, Addison—Wesley, 1999. &2] A 9]+= "Every piece of knowledge must have a
single, unambiguous, authoritative representation within a system"e|®], I & 55 247}
ofy el 2|41 9] FE-S Arget Zlo]qlrt. o] -2 o] O] FES deett — F HEO]
T2 Nd-& 2t Aok Aol AA| "2 A 6] FE"o| i AA] ARt o] AU A7t
Teo] tidolt

Sam Newman, Building Microservices, 2nd ed., O'Reilly, 2021 — "AH] A ZHA|
FE QS Ao R FHFsY = o] of e Aol A veth 729 At
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