Rich Hickey : {&fE S5 ER5E 1R Bl

Rich Hickey: Separating Values, Identity, and Simplicity

v1.0 / 2026-07-30 / Neo.K / ‘ABHhR 55 =2ZR5LstEMEZRIETCEAZT

https://thisoneisneok.com/html/papers/pldst-021.html

H &8 . Rich Hickey: Separating Values, Identity, and Simplicity
%% © Programming Language Designer Style Taxonomy (PLDST)
X 4RSI - PLDST-021

AR7s : v1.0

HHA © 2026-07-30

& . Neo.K
XHAREE ¢ ABRR % = P& T EMEZR IENERZE
SECTION

e

Rich Hickey B #&ititi# Clojure RRIEZE « Fr@B R ERH AR RTHEZRE * YUKk <(Simple Made
Easy) HUEE - BLIRHERERR ° AS HIBMAR s BEBEERZTO5

° AEERMZL

* LispREE ;

EREEE—E EEERERE Clojure ZARKAE !

Neo.K X EveMissLab - PLDST-021 1/40 - https://thisoneisneok.com


https://thisoneisneok.com/html/papers/pldst-021.html

® Dynamic language ;

® Lisp macro ;

® Javainteroperability ;

® Persistent data structure ;

® Atom ~ Ref ~ Agent ~ Var £ZT@r] 27 ;
® Software transactional memory ;

® Protocol ~ Multimethod ;

® Transducer ;

® Spec;

® REPL B&EhRHE

Hickey I;2 B FREBMHFRAEE » RAEKMEREANTEENRRE - NZOTERIEERGSNES
PRCERE— TES Yt BSHSEMEEFR

* Value : EEFRAIRENE ;

* Identity : BREEDAEE—FWNZBEHED ;

® State : Ff@ Identity 7E45 € FRFREIFTEARERY Value ;

® Reference : IZVINAI7E AR A TEUS S EHT State ;

° Time: HEENIER @ MARLEERSRREE o

Clojure E75#t Identity and State FIRPARERE LR | (R A& ; ECREIEMAS |dentity TEAR R FFRE R
RENE ; Clojure UAFEIZRAFRIERD - HRBEMOIRRY > MARETEVHETAMUEWRERNNE -
[R1][R2]

Hickey ¥ T§E ) NERRZRAE M2E85%1 X TEX0B G © (Simple Made Easy) 18 Simple fi#fE%
RBERERE ~ M ZERAEIIEMRNES ; Easy BIRTIZAMARE S ~ BT ASHIIENETEYS - AEKH
RMAILIRA 5 > Al EEE LS ERM ; TAENE « FTU2BERERBMESIETRIERS S * Al ME
FHEERYAMR o [R3][R4]
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A3HE Hickey BIRREHEED A7 BB -

* BEE LispJava BERIERAER © Jfli ~ Common Lisp £2 JVM R 14ERIRS ;

* Clojure #ZILV2RERR - MEBBMZE ~ JVM Lisp ~ Persistent values £ Java interop ;
® |dentity,/State #5YHH . Ref » Atom ~ Agent ~ Var E2 STM ;

° REEMIERAAEHR - Simple “Easy » Complect * Incidental complexity ;

* BEEMAFKEERER : Datomic » Database as value * Information,History ;

° FRRRIFIEMITEHLR : Reducer ~ Transducer ~ Spec & Clojure REATZHIETL ©
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ERER T IER B (B o Persistent data structure ~ Macro » Dynamic typing ~ JVM interop ~ Lazy
sequence * STM R %7& Reference type BE#E#EZ] Runtime ~ Compiler ~ Library ~ 2Z M4 AEEREE! o
Hickey B9 MSE ) thAsetB R ARE HMEES SR RVERMCTER ; M Clojure FIERRFTFIRTE
{EREAER — 2L ° hRTAEEERMEREIRREER - ADFERAHEAEEZBS -

EItE > X5 PLDSTHIESR -

Hickey B2\t st RHVEE ~ (B ~ &9 « SENEREEEMER ° DUSE D BHA
HVRTH#EIE S » BBV ERE{EEF | B AR AERN 2 REARKER

STM ~ Transducer ~ PLDST

— + FNHRREHE

AXEEDM:
® Clojure B9FRK ;
® Rich Hickey ®IE 75 Rationale ;
* Value ~ Identity £ State #&%! ;
® Persistent collection ;
® Ref s Atom ~ Agent ~ Var ;
® Simple Made Easy ;
® Value of Values ;
® Datomic WEEMREAE ;
® Reducer/Transducer ;
® Spec;

® Clojure HyRIREIRERELL ©
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AXFIBUL TR EIERN Hickey :

® Lisp;

® Persistent data structure FIFFEIE: ;
® Software transactional memory ;

° JVM;

® HAMT;

® Datomic Z2ZPELE ;

® ClojureScript ;

® ClojureCLR ;

® FrE Contrib Library ;

* & Clojure Core W2ZFTIF o
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—  Hickey BEIM41EE
Hickey H T3 EEEASEEEEE !
® Clojure [RIGRIRERTE ;
® Z— Compiler;
° JVM Lisp #id» ;
® Persistent data £ Reference model V4H& ;
* :E= Rationale ;
*  ZIE Library 383 ;

° RHEATIBERGR ;
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® Clojure ERSE FTaRMK ©

B A ELERIEE R Clojure BAFEHILA Rich Hickey BIiERIEES ° [R5][R6]

SECTION

= - Clojure 1R1RRE % EIPX B 41 B+ R R

EEHFEREE
® Alex Miller ;
® Stuart Halloway ;
® David Nolen ;
® Michael Fogus ;
® Timothy Baldridge ;
® Cognitect”Nubank EFX ;
® ClojureScript ~ ClojureCLR B ;
® Library ~ Tool ~ Editor ~ Documentation & ;

° ECEAEMLE -

HITERMAZEERAREE  Clojure H Hickey BliE * IR Nubank 21517 Core team B3 ° W ERBEIH
FBARKREBEBSIE o [R6]
FLE -

[RIAE S ELIE R | Hickey 1B
ZOEEFREIER | Hickey &+ Core team
ClojureScript,/CLR : %837 [Epx

TE- £/ HF : 2118

E10E1E : &£ 3L Core team
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Hickey 28% Common Lisp * C++ ~ Java El AR RAFACES o
FIRBNL 2 Lisp ThZRES > ME !

® Common Lisp 827 JUM EREEZREA ;

* JavaEBEX Library fIZpEEEE ;

° Java MRS BN R B AR A RIS

° BEA Lisp BFEBEXTEZMEFERS ;

° ERAEFTRBRRBEEETS -

- JflifFsmEEE

Clojure BRI ECEE * Hickey SE23L Jfli » 7E LispWorks B Common Lisp R A JUM ; %A ER BN
e B1Z% 0 A4 Sabbatical EBIZ 2 HHY JVM Lisp ° [R5]

EIEBZRET -

InteropLayer
not=

IntegratedLanguageModel

EBALR M FFI R U B AT AES ©

SECTION

7~ BEFRERN - S AU HERZERS
Clojure #&42 :

e JVM Bytecode ;

® Javalibrary;

® Java Deployment ;
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Java Class ;

Java Thread ;

Existing operations °

FIRFEE :

Bt

om

ARE 5

BRIE 5

Sequence ;

=hE
oa/a

i}

WIS -

Ak -

Clojure

NewSemanticModel

+

ExistinglndustrialRuntime

SECTION

+ + A= Lisp

Lisp #2ftt :

Code as data ;

Macro ;
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® REPL;

o EIEE;

® Expression orientation ;
* REIESR

o EBREEE o

{8 Hickey ;2B R#&%H Common Lisp °

SECTION
N~ BEERIER—ARINGE
Clojure BJIX -

® 37 Java Object ;

® 10 Method ;

* Ef{EInterface;

* fEH Class;

* 3BT Exception ;

* ZH JVM Bytecode ©

CRERRNSIES > METEARA LR ARNEEES -
SECTION
N~ SHEBLRE

Clojure BENEEES * (BE—M#R:EZE JVM Bytecode ©
EFSEHEMH . ©2 Compiled language * BEIRFFAES AEI7E Runtime {ARI{EA o [R7]

Ak -
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Dynamic
+*
Only interpreted

SECTION

+ - BB

Clojure NE A APTR A ABREFHEIRIE | BNEETRFHENR * BEEUTHAETR « 1BINIHEE - E1E

EREMAE » MAYESREMEELESR - [R8]

BIEAR Lisp ERAEN ° (EFEK Smalltalk Image 1ERME—FABR ©

SECTION

+— &
Value Z :

° REE,;

° AL ;

° HEFIE;

° ARUBNE;

* FRFREEHH o

EmEEES ° efINERER > mMAZKE F—ERiE -

SECTION

+= 8%

I dentity ERSRSRIISHER— S M > Bt :
© IR ;
© EER;

° HiEF;
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e ®

=119

J& ;
° HEKE-

Identity B RABRE—FRZFIERMAUNES -

SECTION

State @ :

State(identity,t)=Value[X

Identity
xrightarrowtime
ValuelX,valueX vValueX,...

SECTION

+s ia

1

%

Reference BFZTNENSF Identity ERTHRAE i X HARAE AU o

77 Reference type FEH AR AT K * MAETRE—FIEYMHBEFIEIRER
SECTION

+3 - i

HERAEEEESNTEHKL > RGN

° LB

® Audit;
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® Replay;

® Debug;

Snapshot ;

Reason about causality °

BEERRTREEE R PR EEE o

5 s FAIEFENBRTEER

Persistent collection FEBLEBHE * FHIREAEREREBKIDEIR, o

AR

UpdateCost
<L
CopyWholeCollection

SECTION
++t « GREENEEERE
EREERS :

o TAILES ;

ol

° EEMNEIEEA;

® Snapshot ;

° EHEIEER

® Thread sharing °

Runtime Library Z&#& :
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® Treestructure ;

® Path copy ;

® Hashtrie;

® Memory sharing ;

e Allocation,/GC °

SECTION
+)\ « {EERLE API
HERAEE

® Function ATE1Z#ZUL Map ;

* R Getter fREEMRL ;

*  FARGLEPFINE FfRIED

° Data JIUB#EEERER -

B FAQ AttER > Clojure # Immutable data i@ % F5&:A1E4% Encapsulation ; B ERENAEERE
{& ° [R9]

+h - K8

® Allocation ;

* GC;

® Cache behavior ;

* Transient,/Mutable optimization FYZBINAIE;

e Bl Java mutable collection BJIZR ;
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o REFZEAFBA-

FRIEETER * FERFTAREIEFERE Mutation °

SECTION

——+ + Atom

Atom FR? .
° @FF;
° @i,

* B — |dentity AUAKEE o
swap! &ifd Compare-and-set f 7 F& 4R 2] o

B 75 Reference 5itB8 Atom BYEFTAZE4E Race condition © [R10]

SECTION
—+— - Ref 81 STM
Ref A#S :

*  %f@ Identity ;

° AL,

° BANER

® Transaction °

STM H#:EERAI = AT —2% Transaction > HERFEH o

SECTION

—+= + Agent
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Agent FR? :

° FEL;
* BIRRE ;

® [/ Action Queue F¥IEH o

el NEXEE) B IE5H5THM) Do

SECTION
~—+=+Var
Var 4% :
® Namespace Root binding ;
® Dynamic thread-local binding ;

° RBEAEEMIRIZEFEM -

EARR—REHEE Mutable field &R ©

SECTION

—+m - 2EEFREMEF APl 518

PO FE H R B EY B R Rl R A laE 2% -

21 B WHE AEAR

omm

Atom = i Cache ~ Counter - BB—jikAE
Ref @ Z2Mi#sA Transaction
Agent & BWIIF5S FERLEM
Var f40E B8 BMITIRIE EHREEHEE Context

BIER THRFRE) RISESTE -
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SECTION

—+3% - Easy

Easy AJ#5 :

° XK,

° Bk,

© BRE;
® API—1T;

* IRpY Library ;

EHERE REYREHIER

SECTION
—+75 +» Simple
Simple 35 :

s —EmeE;

° —E#E;

o REEfMETHEL

° TILUBIIIEMR ;

° MHEBINFEEER -

EHREYNEREBIZE ° MIFEREREE © [R3][R4]

SECTION

—++t + Complect
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Complect RIBAR] D RENMEEAETT—IE ©
AT

® State £ Identity ;

® Value £ Place ;

®* What £2 How ;

® Policy £ Mechanism ;

® Operation £ Traversal ;

® Data £ Behavior ;

® Logic & Timing °

—+N\ - ABEENE

OOP Mutable object ¥15F %25 &R Easy :

obj.setX(...)
obj.getX()
B E RIREERFARAS -

® |dentity ;
¢ State;
® Time;
® Method ;
® lLock;
® Alias;

® Ownership °
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—th « FRAEMEN

AT Value MAHR SR A A RIS ° (B ¢

Input A& ;

® Qutput 2HE ;

® Function BERENE ,

° FEIEEMEE ;

o mER;
o EIFTo
SECTION

=1 - BEEFEHE )

—(BERHAI A ZEMHE T o
—{ERH/LEAPI BY Framework th ] SEIR S E S {EETE E—HH o

FREL

SmallFeatureCount
not=

Simplicity

SECTION

=-+— + Database as value

Hickey #Y Datomic 4848 Database RAFE—FFREIREHIE * MAERFEEB R E Server position EZ2AIH

5 o
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BAEF:

Snapshot query ;
® Historical query ;
® Consistentread ;

® Function I Database value % Input ;

° FREEARRGLEER o

=== : Information 8! Place &

{5475 Place-oriented model :

IR AR AR BE
Value-oriented model :

REAMRHE
EREAR
EHMRME I dentity 578

SECTION
=t+= - EREFEHEREIEMR
T Fact RIZANMIFARIREE Fact

® Audit;

® Timetravel ;

® Debug;

® Causal reasoning ;

® Reproducibility ;

A BRMIRERES] °

Neo.K X EveMissLab - PLDST-021 20/40 - https://thisoneisneok.com



SECTION
=M - Datomic &2 Clojure A= IhHE

ERBUEMMRR > BECHER  BXEEMEF -

X R Database as value) #3% Hickey ¥H{E FrEIEEHIEE RARIE(H ©

SECTION

=431 + Sequence operation AY4ELE
&4 map ~ filter AIAERIFFADE

® Transformation ;

® |Input collection ;

® Qutput collection ;

® Laziness ;

® Traversal;

® Execution context

SECTION

=475 * Transducer

Transducer #& Transformation #¢3KEA BBy 538 > B4 Reducing function transformation ©

FEIEE—# R A AR

® Sequence

® Collection ;

® Channel ;
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Hickey 757N EMMAEZ Adapter * MR R IBIRARERIZ OERHAN ARHE o

Stream ;

B:T Reduce context °

B EMIE Transducer ERARAES « AIEZREIBIRERR Algorithmic transformation ° [R11]

SECTION

=+t - @R

Operation

Context

ReusableEssence

SECTION

=+ - ftfH

Transducer BE S E ¥ 2 E W A Easy -

Arity ;

Reducing function ;
Completion ;

State ;

Eduction ;

Transduce °

Rl NeNaBmME  RMEREEEHE -
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SECTION

=th - /AR ER R
Clojure ¥ Map BEE 7 :

°  AJEMRN

° HREH;

° ZKRFEH;

° SMNERER} S

° BIEIUEH;

° [@Key BEMEHZER -

B 7 Spec Rationale FEREIEH ° EIREZESE ~ S HFNEN Map =& Clojure IBENIZKIR ; [B— Key EEARRES
R{RFEREZ © [R12]

SECTION
M+ - Spec KI1ER
Spec AJfEft :

® Predicate ;

® Validation ;

® Documentation ;

® Generator ;

® |Instrument ;

® Destructuring ;

® QOpen data contract °
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ERERFIAERIRERRIMEE -

SECTION

M+— + Spec FEREFERNEN

E@EE Runtime S0RIE TARRIRHEE o

TEEREE -

FRERBE ;
FREMY ;
ARe=ASTEERERR

SNERER B EAE o

SECTION

m+4= ~ Ehmesl
Clojure By #ZEIEF B ELE !
Rich Hickey S1#E ;

/\B! Core team ;

Design page ;

Patch,/Ticket FESE ;

BIZOIBRT

B Library BEg o

SECTION

m+= - 8%
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5

[ ]
alll-
jul
i

RERE ;
* RROAREFAR ;

° ERARRARET;

SECTION

-+« ERS

o RHIE;
o ABBLEEDE ;
o BIAERIFRERS ;

® Core #lLibrary 2R AIREEFERESESR |

SECTION

M+% - £ BDFLHYER

Clojure B FRIAERE » BAREZEM Python % PEP, ABBAIAXIL » ti7RR Ruby X Matz A
HeaLBt o

HEIEER .

MeasuredCoreStewardship

+

LibraryExperimentation

+

CompatibilityBias
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mq+75 ~ Jfli,RI=ERZ AR

R%E : Common Lisp 8 JVM BERBER
5RBE . e Bridge ’ BHIEHREMES

SECTION

4+t ~ Clojure #Zit:HA

R : Java FEHRZEEM Lisp
ZREE . JVM Lisp+Persistent data+Interop

SECTION

[M+/)\ - Identity,~State £f

fEIRE © H = eI SR A S R A7 o
REE . Ref /Atom,Agent,Var 53T

m+h - FSEMERAIEER

B . ERIBE S ~ ABNHERA—X
£RB% . Simple,/Easy,”Complect &4

SECTION

A+« (EERRAGHA

%8 : Database Object $HRFRESE
%RB& . Database as value -~ BFR5EE Fact

SECTION

H+— - ARIRIBIRER

%8 . Transformation E3E #1754 E

R : Reducer ~ Transducer ~ Spec
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SECTION

A+ - M& framing
Hickey Bz L\EIRERE -

PRLE RS A] LUB I IR MRAVEES * X F A58 = 8L Framework #E7EE—H#HIS » B fEFR
BEREHRABERERMEE?

SECTION

it+=- BEREF

V_(Hickey)

~
~

(

Simplicity,

Values,

Reasonability,
Immutability,
ExplicitStateSemantics,
Composition,
PracticalPlatformUse,
Stability

)

E+M  #Zb—iRREF

RYF :
® Lisp/\eBE 5

® General data;
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® Persistent collection ;
® Function ;

® Macro;

® Protocol ;

* Library #&3K ;

o DEEFRERZOES o

SECTION

A+Hh -« B EERT

fRyF :
® State mechanism BA7R ;
® Mutation boundary BA7R ;
* Data H#ZAIR ;

® Function transformation 2B& ©

FERRE :
® Dynamic typing ;
® Macro;
® Runtime Protocol ;

® Java Reflection fallback °

SECTION

17N« ME-ARIE RN
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FEE:E Runtime Persistent structure MM s * LUIRER
° TR ;

® Snapshot ;

° IEBHZ;

® General data flow °

{B{fEA JVM ~ Transient ~ Primitive hint #1 Compiler R{E1CERIEZALY o

A+t - Z2—BHREYF

Clojure &% -
® Memory safety ;
® Immutable default ;
® Controlled references ;

® Transaction °

HfRE :
® Java mutable object ;
® |nterop;
® Reflection ;
® Macro;

® Dynamic execution °

RERBAEEMABEERF -
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SECTION

N\ - HB R

Clojure REAFE RS ° B AR #MREAAHEBRERRESR o

BHEREE  AIREIEER IR OMELE ©

SECTION

E+Ah - R

© BIABEFNERES ;
©  THAESGTE Library, EEATRELR ;
o FLUSHBEMASS ;

° ERRHARAMBIES K-

SECTION
A BENTIEREEHRAIEN
"Complect I

o WEBR ;

o ERIAL ;

o« EERER;

o EBRAIE ;

o HEEEBR-

TRz EtE Al SEH A — I R D HEE A T EFIE -
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SECTION

7« FRAIEER N HBRIRERE

HERRDNE .
° |/O;
® Clock;

® Network ;
® Database;
® Resource ;
® External process ;

® Humaninpute

Clojure REMECE * TEPRFTA Effect o

SECTION
= s S2REFIEINS B RA
ERER AN :

o FEHAFXAS

o BUNHE;

® Thread-local HHE=E ;

® Transaction EBEHE o

DEEERSEEERE > BMALRR

SECTION

75+ = - Persistent data BEER 4
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BESE ~ B « HPC ~ RIEBIBROIAERE ©
® Mutable array ;

® In-place update ;

® Native buffer ;

® Specialized layout °

Clojure BI#Ei@ Java interop fEAEM * EFEHTIEBERE o

75+M ~ Macro B E#iELL

Lisp Macro BJ AL :
o [RREES
° MR
° JEEERMAR ;
° THAR#-

lCode asdata)] FEIHELEMBERLG °

Ah - EFEERTRU—HEIEEL

B—RMAIAEREVMAKIBEARBERA ; B ER 2 BNEMHE » e RrIFESRE -
FFEA RIRE AR EMEERE &R

2000s 4 Lisp/JVMBRABAR i B FFI RIEERS

2005-07 ZEE JVM R4 Lisp Clojure Compiler,/Runtime F&EE

2007+ HEHREE4ELE Ref ~ Atom ~ Agent ~ Var 2MB:EE RS
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2011 Easy #32E Simple Simple Made Easy R&tiEsm 4E1EHLH

2012 Mutable place #kF:E: Value of Values,“Datomic &R BFRIEE

2012-14 Collection operation #8FE#77151E Reducer/Transducer Higher-order abstraction fR4E4L
2016+ EHERRAMERIERAZZAITE Spec Runtime Testtool BEMERIARME

R ZOBRFMBESER 5H/EIE Coreteam /Library BEARIE

SECTION
"t TEFEE
Rich Hickey [EIFF @RS :

° BISRREERSE

* ([EEMAFRIEREAM ;

°* SO NREIRERR ;
° BEFARBRAIEE;

° mHAZLEIEE o

s FESHNHERE

RERTE :

ARERHEEE
~@ﬂmwzﬁ%
Lisp BAER
Rt EnE
STM 2£BRE&
BRIFFER L2
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[REBHHRAFE S RGNS ° AFER - B ~ 592 BEREEBIRERDRE ° X

BEFaMLEFMINHEZER T BRAZNRE -

N\ REERERNE

Clojure ~ Datomic ~ Transducer #1 Spec FWER A FAZ :
(et ERIBIR PR EX AT E AR (B B EEH]

A~ REENREES

B :

SER Y BT AR
855

ERFARE ° 2R RRRE AR E R

SECTION

t+t1 - RERRIEFE

Hickey ERAMHBE(E * {8 Clojure MIE S HAK SIS & -
BRUATE > AR EEEIT R ZBRE o

Rich Hickey 8033t BABTRALAREL TRAES o [REISERILET o
e B R RS — BRI S B BN ASREH RN BT
o EREN FEHKE

o HHERERBERREENIEE

° REEREDEFR—KZINE ;
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SCEMEN RIS 2 BR B ;
DBEARKRIERY - HAKRATREER
BRI BB > TEILENAE ;

BB RIUBRFFERA * BB AME ;

SR FERZER Operation £ Context BY4ERE ;
BETFEAILRAA ° MAREZHEEER

i = DS IERTIE AR R AR R ARG B -

7324 Hickey BY PLDST HIEA -

[Conceptual Decomplecting Designer

—

Value-Oriented Systems Architect

—

Conservative Semantic Steward])

HizMERE :

#} Value ~ Identity ~ State #I Time 12 H/BEREER |

Persistent data P&{E Alias =L ;
Reference type 1Bt 251585748 ;

Lisp 82 WM BSEBBER% ;
Transducer BREIFIRIRIN—AREH ;

RIRCFRIESE—BMNBEE -

HizZORMER :

R B R Easy ;

%7%& State mechanism EEFEIEIEEIE ;
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® Persistent structure 1 JVM EBRE ;
® Dynamic typing 1 Macro iRl SEE 4 IEFER1EEE ;
o SR REIEETERIE ;

* TSimplel BHWXICIERAFAERAEBETE o

RAERANR

(FEBE{CREET

N
FREBEERELETR

Hickey WESLIRHMAZE TFiE AZFEMER Clojures ° ME—EEZEMNREE !

:

o

ERGHLIEME > SRR INMRE ; BAREWPLERT DRI
fF ~ IEZRBRAZEA T R—FF -

A% Rich Hickey
FEES /&% Clojure ~ Datomic ~ Transducer » Spec
#Z0EFER 1 2000s-E 5
FTEME B 559~ KR8 -~ RN ERERRAELS
ER | AAIE4E - Persistent data « EFI2HE « REHHE
EHE AR © Runtime ~ Compiler ~ Library ~ 223 £ Core governance
BEEM : BREFFRE ° 2RARARE(CREGE
FEREHR | KRN BAGKRHREEERIPHERS
FERS : BE - 4HEER - BEIA £
FHEREL S

[R1] Rich Hickey, “Values and Change: Clojure’ sapproach to Identity and State,”

— Value ~ Identity - State * Time K2 BER o
[R2] Clojure Reference, Atoms,”Refs,/Agents,Vars.

— FASBHEAY - HHAREHES -

WEES

Clojure official site.
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[R3] Rich Hickey, “Simple Made Easy,” Strange Loop, 2011.

— Simple “Easy ~ Complect - BB BILEIBEHEE o

[R4] Rich Hickey, “Simplicity Matters” slides and related transcripts.

— IBME ~ AISRME ~ RBIRTI R EHEE o

[R5] Stuart Halloway, “Clojure Governance and How It Got That Way,” Clojure official news, 2012.
— Jfli ~ M4E Sabbatical * Clojure fERRAEAN S o

[R6] Clojure official Development page.

— Rich Hickey Bll#& ~ Nubank 3z#F Core team ~ =Hl/E{CEREMESR ©

[R7] Clojure official homepage and Rationale.

— JVM ~ Dynamic compiled language ~ Persistent data + STM ~ Pragmatic language design °
[R8] Clojure official Getting Started guide.

— Dynamic development ~ REPL B iE{TH{FEEIZ ©

[R9] Clojure official FAQ.

— Immutable data ~ BZ&RZEUEE Encapsulation B o

[R10] Clojure Reference, “Atoms.”

— [EEILAREE ~ swap! ~ CAS 1 Race-free update °

[R11] Rich Hickey, “Transducersare Coming,” Clojure official news, 2014.
— AJ4EE K EEIEER Algorithmic transformation ©

[R12] Rich Hickey, “clojure.spec - Rationale and Overview.”

— BARX Map ~ A€ EBRER « Key 55& M Dynamic composition ©

[R13] Rich Hickey, “The Value of Values,” 2012.

— Value ~ Place-oriented programming ~ Information F1BFRg o

[R14] Rich Hickey, “A History of Clojure,” HOPL 1V, 2020.

— Clojure /RIGB1Z ~ &5t ~ BUE ~ BBFMEBHAESE -
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T-J] Jfli,/problem-formation phase
T-C] Clojure core phase

T-1] Identity,/state phase

T-S] Simplicity-theory phase

T-V] Value-oriented systems phase

[

[

[

[

[

[T-D] Decontextualization phase
[S-D] Decomplecting

[S-V] Values

[S-1] Identity,state separation
[S-P] Persistent data

[S-H] Host-platform pragmatism
[

S-C] Conservative evolution

#MiEk D FWHEE  EREUAIERHLHR

## D.1 Clojure BIFZRRFFREI BB A A

B EREFIZE (AHistory of Clojure) REHAERESE :
- Clojure M9#13as& 5T BA%ARL 2005 4 ;

- BRABEMR 2007 £ 5

- Hickey 7% Jfli RELUWE JVM,/Lisp B 5 B1E#% > LUAIMSEBE Sabbatical #1238 Compiler 7S ;

- W) BREAZOEFNELHT > RRT Clojure KEFRBEZ AERTRRINE
AXEIES
2005-2007 : Hickey T ERREENFES

2007 % : Core team ~ t18f » ENZFEREFESR

## D.2 Clojure HYOTEZ R

B WEEZHE S Reference :

- Atom : Shared ~ Synchronous ~ Independent state ;

- Ref : Shared ~ Synchronous ~ Coordinated state * @& Transaction 3 ;

- Agent : Shared + Asynchronous ~ Independent state ;

-Var : Global name,”Root binding > 1 A[### Thread-local Dynamic binding °
S A 20FEHER Mutable cell B9 AP| B25E » T2 A RRIEER « RS AIFHFEER -

A B RIE Var 15 —M% Shared mutable global ; B A H#HERIE Var root RABEERERME o

## D.3 Atom Y Race-free 125}

B 75 Atoms SCHFERER -

- “swap!® EEVERIE - RARENI(EA Compare-and-set #£% ;
- CAS BB * RENRTAEEEFIHAAT 5

- Atom State change "B ELERRE ;

- “swap!’ HEAELERRARTZ2EHNIMNIEIER o

AfEH TRace-free updatel FEIRRMER > RERMRFAIEMA “swap!” HWRHHEBAFEE Effect safety o

## D.4 Agent BRI S %
B Agents X{HERFEE 7 :
-Ref : ZIE ~ FFHA ;
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-Agent : B E ~ JEEY ~ WILEH ;
- Agent Action 22 Function > EEIE{ER A3 State ;
- Agent Z Reactive > R2H% Blocking receive loop B9 Autonomous Actor ;
- BiZR Agent State R #Ei% Message ©
AXELEE AR Agent BE1%% R Erlang Actor ©
## D.5 Value ~ Identity £ State
B #1ZHE 7 Values and Change Essay -
- Clojure AEREBH LML ;
-Value #AR AR RIS HH ;
- Identity 7EEFRE AR AT AR EI R [E] State value ;
- Reference model 45173875 TUBAT ;
- Persistent collection X NMRFFFAE B LA EIHERS| ° REEEENRS I BEREAIA ©
XA L2 FHE Persistent data structure ;2% i BEN B HE R EHSTE Audit log °
## D.6 Simple /Easy BYFRIZR
(Simple Made Easy) ®REEH 1RFHTHEEFRZE
- Simple 158 B R MBS AEAS
- Easy B$5R ~ 2% ~ BRI AR ;
- REEY I SR
- RAEEYIRIARE ;
- A EE MM Hickey R AR SE K FIIR MR RARAVEE EAR M ©
IEHAEBIZE ] B4AXH Hickey ERMN DI ° FRTFE—EREERES - AJERE{CA Simplicity meter ©
## D.7 Clojure £2 JUM
B EIZE B EE - Rationale K Java Interop :
- Clojure & JVM _E#Y Dynamic ~ Compiled ~ General-purpose Lisp ;
- 5B S IAETE Runtime { R/ ;
- Java Object ~ Collection ~ Method - Field % Exception eJEiZHIZ(F ;
- 3% Java Field ~ Vars ~ Refs * Agents S457E i1 & Al S BRSNS * Local binding Tt IF—fz P REZEL ;
- Java Mutable object {37l ##i# Clojure FIEBER ] ERHERY o
AXRALE MEEFEEERE 1 MEEARER FEFRHRES -
## D.8 Transducer FYSREI B
55 ¥a1% ¥ Rich Hickey 2014 EE A AL ©
- Transducer #EHA RIS ~ AIEZBIFERERAM Algorithmic transformation ;
- Bff£2 InputOutput source f##8 > ATAHL Core collection K " core.async™ % Context ;
- TOperation - Context = Reusable essence] RAXMWHHCHEHE * FREAHZ AR ;
- Reducer ~ Transducer BAERAEE1E Core team FLEETE * FAEREPER A Hickey AR o
## D.9 Spec HIBEE Rl Al
'BE75 Spec Rationale BBFE$EH :
- Clojure & E&H ~ HERZEFEIL Map ;
- BHIATHE Optional ~ Partial SR B AR A Se9MERZETR
- [F— Qualified key FEESEKIE S IRIFES ;
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- Spec EREAHEAERIAYIE R FiRMH Predicate ~ Documentation » Generation & Instrumentation o
AR AR Spec I AEFE AR R ° TS B EMETEFIA Runtime boundary BEEREE K} o

## D.10 IRITAIBERRAB R

HE2026FT7H :

- B 75 Development E1{53E Clojure #i#ti & Rich Hickey 8i& « B Nubank 323%#9 Core team B2 ;

- B /5 FARE38:E Measured ~ Thoughtful #1 Backward-compatible evolution ;

- E7 REPL Xt B aimflhR74# Clojure 1.12.0 ©

FRZSSE B R ISR AT > RECi R E ISR ; AMEIE EERBEERANRIAREIRR > MASE—ERThRE

## D.11 EFRRIERFENER

BARENZF
- Hickey REFE A S8 :11ESE ;
- Core team 1HEEH ;

- B RIERSE o
IE MRRAORBERER « ARRIE) NERRENGIEEBNEARD T > FEREBESUSRELEBHRLE * 11D
8B/ Ask Clojure ~ JIRA ~ Design pages * Mailing lists #1t+&# 515 ©

##D.12 PLDST RA%ER
THEBEBAXIIRE > FZ Hickey BFEMERSIK :
DR RETE

BEERARIEIEAM
BN —RRED IR
B OEEE

Hrh TConceptual Decomplecting] EiE#&3% Hickey #J Complect 7% ; E 22 Clojure ~ Datomic ~ Transducer #
TRIRREB I D ITER S ©
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