Backus + McCarthy £ Hickey : EKgX « #F
skl R BT R EE B

Backus, McCarthy, and Hickey: Different Roads Through Functions, Symbols, and Simplicity

v1.0 / 2026-07-30 / Neo.K / ‘ABRkR FEIHEFEEs%5TENIET ELERAAZE

https://thisoneisneok.com/html/papers/pldst-025.html

X HTE . Backus, McCarthy, and Hickey: Different Roads Through Functions, Symbols, and Simplicity
5% : Programming Language Designer Style Taxonomy (PLDST)

X44RsE - PLDST-025

FRZS @ v1.0

HHA © 2026-07-30

& : Neo.K

XAHRRS | AFERR BN EREE R ETEMIETU LIRS

SECTION

e

John Backus ~ John McCarthy £2 Rich Hickey ZB B ER S ~ 45 ~ SRR nEBEHENRERES RN
ity o AT BERIBEAHBEHA TREILisp 1B E4 > GREFNRE=E °

Backus FUBHITERE2— iR =& M Lambda-calculus EES#E ° TR EIZIL Function-level
programming : 12X EREKREER Combining forms 485 * RAMKBH RS E « FEEE - MEHBR
im o thHEEERNEBSRRRARNRE  FREXTGAER—RER—ES AWNER - sBIFEKRMR o [R1]

[R2][R3]

McCarthy BV O RIRERIRZTHFFIE 6 R ° RS IR FRSRRER - BEDFEAIZR/NGERE o

LISP #5i@ S-expression ~ List » Recursive function » Conditional expression ~ Lambda ~ apply £2 eval ’

By —EREEAEEEESERNNTRZD - HEMRE DR TERAGEERBEERA ° TFE
MRHRBLVEITAL ° [R4][R5][RE]

Neo.K X EveMissLab - PLDST-025 1/78 - https://thisoneisneok.com


https://thisoneisneok.com/html/papers/pldst-025.html

Hickey #7 Lisp Y Code-as-data ~ Macro ~ REPL ELiRE4HE * (B¢ TREE) EMERATRAE o Clojure
NEEFESEBEBHFRANRE ° MEES Value ~ Identity « State » Reference ¥ Time * dERAIE4E -
REEHRRATIERBE BRIERREE ; BB Persistent data ~ /8% JVM ~ Protocol ~ Transducer 253 %

BIE IBEE M E R —ARIARARETACHE © [R7][R8][RI][R10]

RN =ERE TR

[Backus : Algebraic Transformational Simplicity;
McCarthy : Generative Symbolic Simplicity;

Hickey : Decomplective Structural Simplicity]

=EH TRH NERIHRE -

[Backus : EEHSEEZXNRHBIERE;
McCarthy : REZIEE TRt HE A MITEZRATZL,
Hickey : BRIBIR A FIEEZ MR A B S #5#]

AL+ EEHREEE R = A -
° JRIGRIE ;

°  ERERRUML ;

° FISREEHM

° @F;

° DHEME

* Sl ;
° SR
° ARRRELRFRT ;

° JERMERE;

Neo.K X EveMissLab - PLDST-025

2/78 -

https://thisoneisneok.com



° WBEHEBERF,

° HBHELE

° EEMREIEBHEL o

=E#IENREE > {8 Backus HERIVATUMAHIE > McCarthy HEFTE AT LAKET

5R1E * Hickey RERMAT LUK EITHEL o
it MG8EES) E0E3=ZBAEITIEEA !
° [REVESHS > EIZVAHEE ;
° MK ERHEAIEM ;

° DEERE ERFAER o

RA%EEE © John Backus ~ John McCarthy ~ Rich Hickey ~ FP ~ LISP ~ Clojure ~ ERZ4RFZTNERET ~ FFSRET

BB HE - FREME ~ 728~ PLDST

SECTION
— » FEEUTHREH EEIRHERHE
—PIEEHROIAERD » RET :

o BUTMAANE ;

° RARZIER;

)

° EEAERD

pa

° BEEETIEARRENE;

° REHARFEREE ;

° THEHRZEI-

it

Neo.K X EveMissLab - PLDST-025

3/78 -

https://thisoneisneok.com



CoreSizedownarrow

not=

SystemComplexitydownarrow

SECTION
—BE B85« ABBNBRKBESRE
EX &S -

Simple

+

Easy

+*

Familiar

+

Small
+

Short
Hep:
® Simple : #HIRBE LR « BIDRH AT HDBFRAIEE ;
® Easy: BRZOBBRENETIR;
® Familiar : BENSHRAELE ;
* Small : MOTBEHEEHER T ;

® Short: REFITHEXTHESD -

SECTION

= HEERE

Neo.K X EveMissLab - PLDST-025 4 /78 - https://thisoneisneok.com



2= .
FL .

s

cal-S(L)=
(
_(core),
_(composition),
_(representation),
_(state),
_(reasoning),
_(tool),

(

evolution)

- un unu u unu unu u om

=Z(IRFFEREHNDERRE -

SECTION
 BEMFERERK

BOENERZE !

C_(total)

C_(surface)

+

C_(runtime)

+

C_(compiler)

+

C_(library)

+

C_(state)

+

C_(tool)

+

C_(governance)

Neo.K X EveMissLab - PLDST-025 5/78 - https://thisoneisneok.com



stEBEERBEEDEC * MASEHRFIAEERE -

SECTION

hd Eﬁﬁgﬁﬁf‘cﬂ%

Backus [ :

FEREIE TV D EFHENRSESIEMN ° MABEFIRMGARS ?
McCarthy f :

ERALETRRTEIERAFR » B ERBEBLFHEE RNGERRK?
Hickey f3 :
REDIEE ~ B9 KR ~ B - BEREREEIITIERITH > SEEKHIRAIEEER
£?

7N~ SXFRiE TiEE)

MERR FTERERE

Backus — McCarthy — Hickey
EE _F McCarthy BJ LISP 214 Backus 1977 £E#Y FP sl * Hickey BUITESI+EBE4H Lisp ~ REEEZET

=

AXLEBNE=EHSRR * MATE —RRIATRIRE o

t -« MEERR BB EEES

Backus #t#] Word-at-a-time ~ Storage cell ~ Assignment £2 Jump H:E5BISZEC © [R1]

McCarthy #3781 IBM 704 tB¥E1LHY S-expression £ Recursive function iR * ERISEEIER L E IS
EEsCIBEEMET! o [R4]

Neo.K X EveMissLab - PLDST-025 6/78 - https://thisoneisneok.com



AREE o [R8]

SECTION

N - BIBHSIR B A —RIBIE
= EHBEILRE RS |

*  —EZEIBkE Subroutine ;

© —EREEANHIES;

° HKBRFIEEE -

B=ERSRHBHIS AR o

SECTION

N~ #WERBES

NewProgram

Combine(ExistingPrograms)
ZATm
* Backus ZEE Combining forms RREREE ;
® McCarthy fk& Lambda + Recursive definition - List £ eval ;

® Hickey k&g First-class function ~ Persistent values * Sequence abstraction ~ Transducer £2

Protocol °

SECTION

+ « MIBAITRFERAESH—ERS

Neo.K X EveMissLab - PLDST-025 7/78 - https://thisoneisneok.com



=ERIRREBARERFEEE :
° ZEFERE « EXRSERRREIRRAR ;
® LISP &E Interpreter ~ GC ~ Reader ~ Printer ~ Compiler £2 Online environment ;

® Clojure BE JVM ~ Persistent collection ~ Compiler ~ Reference type ~ REPL £ Library ©

+— « BRRAETHEERIRS

=EHABIBES M/ NBIREELE o
Backus #E/L'2 Combining forms EESERER °
McCarthy &2/ O BEE R FTRIEE S AES] ©

Hickey & EINAER3HE * W ATE £ F 8 BEREMIER o

SECTION
+= - FEEHIREER
® Backus B FP # L EZF IR |/O HEE R ;

° LISPEYMZIDEMAE ~ BHREHHREAIERE ;

® Clojure B EZRMFBIEHE JVM  Persistent structure ~ Compiler 8T A o

FRA =& #REHA

ConceptualSimplicity
+*
CompleteSystemSimplicity

SECTION

+= « HEFZRHA R > MERNEARER S

Neo.K X EveMissLab - PLDST-025 8/78 - https://thisoneisneok.com



Backus iHEMRES BRSNS MRES :

Variable ¥3F& Storage cell ;

® Assignment ¥ Fetch,“Store ;

® Control statement ¥}f& Jump Test ;
° BANEZRFIHREEN o [R1]
HitAFRZE MUAERE) ° M2 !

PR IRIBEIR A A B ARRYRER o

SECTION
+m + Word-at-a-time B&

SHEMERRZE CPU B Memory ZINERHEE * th2—EHSME

Problem

—

SequenceOfWordOperations

ABRBARESBIFA ARSI ~ B - EERER

SECTION

4+ & * Function-level £ Value-level
Backus BY FP 45RI& 4% -
® Value-level : UEERTE > EIL Lambda ~ EaEiEiR ;

® Function-level : HEFBREBRHUEFHEHR o
EFPH :

IR E
12X LA R EUAEE Combining forms 37

Neo.K X EveMissLab - PLDST-025 9/78

- https://thisoneisneok.com



FYREHESEHAL

SECTION
+5 « MBEENE

Backus BYEREI A & RIEZE M [E]{FHE °

© RECAHLE ;
o EEAEE;
© EHERBROHK ;

° FHEEMMIITAEN -

SECTION

++ + Combining forms

Combining forms RJFRBEEH BRI SEILFTEKEL * FIU0

® Composition ;
® Construction ;
® Condition ;

® |nsert,;

® Apply-to-all ;

® (Constante

HE®A
0, ,. .., X

xrightarrowd

g

Neo.K X EveMissLab - PLDST-025

10/78 -

https://thisoneisneok.com



Hoh ¢ x5 BA T ERHAHIE -

+\  ElEASHEIRECE

Backus M A ERSEEAEESHAEIAEST -

fthess

I

UnrestrictedCombiningFreedom
=

Chaos
Et FP fRiF
* /DEEE Combining forms ;
° RHEIVEHME ;
° DIREEZFAIE ;

° BIBESTIFZOINEEEIER

+h « B

Backus & :

ProgramEquation

A d

AlgebraicEquation
REESEREZ
° ERIEINES

° HRREINNGES

Neo.K X EveMissLab - PLDST-025

11/78 -

https://thisoneisneok.com



o BIPERHES ;
© BREHARIES o

MmAEsmA—EIMNIEER 1 2 - [R1]

SECTION

—1 -« F—ES NHIE

IRAERRE A ¢
P
Q

BRTMERNAER—RE ° thAFEREEREP ZSTEIBM Q-
Ak -

Programming

+

Transformation

+

Proof

FBREEDH °

—t— - B R AIER TR

Backus RENRBHEH S RSRMHSIENERIZE  WARAARS -
FP (YR :

° REEE,

Neo.K X EveMissLab - PLDST-025 12 /78 - https://thisoneisneok.com



® Combining form ;

° EH;

® Algebraicvariable °
BB :

AE-XERHRILBBRE > TRIBEENSEEIEAN I F -

SECTION
—+= « mEEVIEIE
% FP 2N Al FEiEBEPE Combining forms [ERIEE{TA ° MAEZS BN o
EREERE

® % Apply-to-all ;

® insert#f Fold ;

° HEHR

* RFHITIRE o

SECTION

—+= - BFHESER

Backus 22 ERIE :
® \ector ;
® Tree,

® Structured data ;

Neo.K X EveMissLab - PLDST-025 13/78 - https://thisoneisneok.com



UnitOfThought

uparrow

SECTION
—+M - AKEERBERRIME

Backus il JFES 53 SE B R AT TR ZARRE o

R 4 Applicative state transition %4t > HE :

* FEFERE Applicative ;
* NREBHMREARERE;
* ERTES—EMIMRERTRES -

LA
StateFrequencydownarrow

StateSemanticCouplingdownarrow

mi=E :
State=0

—+3 + Backus Y54

Backus FURSEEMEA ©

Neo.K X EveMissLab - PLDST-025

14/78 -

https://thisoneisneok.com



S B

FixedCombiningForms

+

AlgebraicLaws

+

NoValueVariables

+

LargeConceptualUnits

WordAtATimeControl

SECTION

—+7% - BEEIRERE
Backus &2R&T

® Combining forms BB S ;

° XEI/0O  EFERERRBEUTIIFAA ;
* FPEATRERMATALRRY ;

°* MEEMNARRIEEL IR o [R2]

&1 Backus B EARIIRSME :

ARIMHERES * BT ERTHZER °

SECTION
——++ - Backus &

A3 Backus HIEA -

Neo.K X EveMissLab - PLDST-025

15/78 -

https://thisoneisneok.com



[Algebraic Transformational Simplifier]

SREERAAUBRVERSEGEL ° WEcER—Es NEEHEEIR MR HIER
BEE FIR(F o

SECTION

—t+N\ ~ BEKRINERE

LISP BY/RYASER 258 Advice Taker #&1F :

|
of

;

<

<8 ;

° EERAE

* FRAH ;

° HERIBIE o [R4]

FE McCarthy R24ERT :

‘ R RIS IR B AR R T SRAEAE 2

SECTION

—+h - S-expression

S-expression UM EEAHRBIEET :
® Atom =Z S-expression ;

o % elX,elXl 2 S-expression * Bl Pair 2 S-expression o

Neo.K X EveMissLab - PLDST-025 16 /78 - https://thisoneisneok.com



BEE:

List ;

Tree ;

Nested expression ;
Program representation ;

Symbolic data °

=1« FEREAHR(FHR

BRBERSETETE -

Number— Number

LISP #&5&4s :

SymbolicExpression

—

SymbolicExpression

1210A] ¢

DREAR ;

B ;

¥

HE

ERHE

fRrEIET, o

Neo.K X EveMissLab - PLDST-025

17/78 -

https://thisoneisneok.com



SECTION

=1— « HEEEERA

McCarthy RSB S :

® Partial function ;

® Predicate ;

® Conditional expression ;

® |ambda abstraction ;

® Recursive definition ;

® Universal function °

REE AT SRAE B AN A D AREL A o

SECTION

=12 R ARER

cond FRZIEAREER :

Branch

(S

Expression
SEAUTED

Expression world
Statement world

E—FhEE Backus HEMRES DRV ITHE o

SECTION

LY 3

=1= - EOHEREREE

Neo.K X EveMissLab - PLDST-025

18 /78 - https://thisoneisneok.com



Atom
U
Pair(Data,Data)

AR RTIEE ¢

Program(Data)

Case(Atom)
U
Combine(Program(left),Program(right))

B8 ~ B A E R BN -

=4+M + Lambda HAE

McCarthy {8 Lambda & :

° ME;

S = BE%@ O

i}

158 Backus BHA=EIR Lambda REEF M EIERS ©

SECTION

=4+% - apply £l eval

Neo.K X EveMissLab - PLDST-025

19/78 -

https://thisoneisneok.com



1960 X HH Universal S-function :

* 2% LB Universal Turing machine ;
* EFE LAIE Interpreter ;

* FRESHAERNITRFAEL -

FormalDefinition

—

ExecutableSemantics

=+ « 2REEY

Ei20EE R B S-expression :

Representation(program)

Representation(data)
F AR AT
° FEEIER ;
° EEiER;
° MERER;
° MR,
® @I DSL;

® 17 Macro °

SECTION

=+t~ RO EER S

Neo.K X EveMissLab - PLDST-025 20/78 - https://thisoneisneok.com



McCarthy MRS EMRE -

FrA Lisp 1Z2VER1RAE
e :

DEREBAIUERAKESESHE
AIRNA -

GenerativePower

(ReachableLanguageSpace)/(CoreMechanisms)

SECTION

=4\ * Reader 1 Printer

M—RTRE !

Reader SN FE R, S-expression ;
Printer i#5BE/MEIL ;

Symbol table #$F Atom ;

List structure 1R &k ;

GC BE[O -

i

R 5 1 — BB o
SECTION
=+h - GC AT EREE

EEREMNEFTI[EW List node :

SymbolicAbstraction

—

MemoryBookkeeping

Neo.K X EveMissLab - PLDST-025

21/78 -

https://thisoneisneok.com



GC 1BREFE M IBHAZRAS Runtime * RIS IERIFEPE o

SECTION

m+ -« EBNEE
LISPRIRELS :

° TEERRE

°* HIEKE;

® Trace;

® Error diagnostic ;

® |nterpreter;

® Compiler;

® Reader,/Printer °

IINVZOEEEERE Live system o

SECTION
M+— - AERE
McCarthy B RG B4 S0 EFEFB B 1AL -

° HriEmIA

°* WEHEKT

® Macro;

® |Interpreter;

® Symbolic tool ;

® Domain language °

Neo.K X EveMissLab - PLDST-025

22/78 -

https://thisoneisneok.com



FIEIMERILTERES > AR REHRIRE]

SECTION

4+ « EEARE

SmallCore

+

Metaprogramming

+

DynamicRepresentation
=

LargeEmergentLanguage

REEE !
° 5s;
° E&IE&H;

[=]

o BiREES;

° THHE,
° REER;
° HMEBIK;

Ay,
e ZBEARE-

m+= - BERE

McCarthy [RZs& 73 M-expression £ S-expression * & E{RRAERRT °

{BE M-expression RFemE R

Neo.K X EveMissLab - PLDST-025 23 /78 - https://thisoneisneok.com



IntermediateRepresentation

—

SurfaceSyntax

Lisp RBAKRMNEE ° BOREELEMBE ° MIFTBERELS °

M+M - fERgE—r2 T

M—RTRARM !

FRrEEREEES List ;
* FRAE%EIGERFELL Macro 1% ;
* FREEEEFEH eval B ;

* FRARMFARSERIAGE o

Lisp BRALAFFERT :

® Vector;

® Record ;
® Module;
® Type;

® Package ;
® Safety;
® Namespace ;

® Concurrency °

SECTION

M—+# « McCarthy BYESEE 1%

Neo.K X EveMissLab - PLDST-025

24/78 -

https://thisoneisneok.com



S_M

UniformRepresentation

+

RecursiveCore

+

ExecutableSemantics

+

ProgramDataUnity

PrimitiveDiversity

SECTION
[M+7% + McCarthy [R&!

A3 McCarthy #IE2 -

[Generative Symbolic Simplifier]

—Ez AR —E R ~ I2TVERE R © B AUTRAREFAARIKAES] ; RSB LE
A= I AEPAEIEER o

SECTION
M+t - 47K Lisp > BRES Lisp
Clojure ##7% :

® S-expression ;

® Code-as-data ;

® Macro ,

Neo.K X EveMissLab - PLDST-025 25/78 - https://thisoneisneok.com



® REPL,
® First-class function ;

® Dynamic development

{B Hickey E#f 581 -
® Vector » Map ~ Set £ List #2—4AREM ;
® Immutable persistent collection ;
® JVM interoperability ;
* %%& Reference semantics ;
® Namespace;
® Protocol ;

° BEEMm=E-

Mm+)\ ~ Simple #%}4 Easy

(Simple Made Easy) &% :

Simple

NotIntertwined

Easy

NearToExistingAbility
PENYHRAIEIREAIER 5 AIARSEE -

REER Persistent value RIBERR S ° AIE B S WEILIEAR o [RT]

Neo.K X EveMissLab - PLDST-025 26 /78 - https://thisoneisneok.com



SECTION
M—+H ~ Complect

Complect 5 :

fBign :
® |dentity £ State ;
® Data £ Behavior ;
® Order £ Result ;
® Location £ Value ;
® Algorithm E2 Source /Sink ;

® Policy £ Mechanism °

SECTION

£+ -+ Value
Value 2 :
o TEE;

o EHH;

© ARE;
°© EGE;

* RRFEEEH ;

o REMEREMHHRE o

Neo.K X EveMissLab - PLDST-025 27 /78 - https://thisoneisneok.com



ValuelX
+
Value_(t+1)

MEFEEERENR > MES—EE -

FH+— - Identity

|dentity B R REIETERE—SRIZHE -

° MRF;

. BF;
o ERIE o

Identity F& 2 {E{r] B — State ©

SECTION

E+= - State

State(identity,t)=Value[X

H |dentity 7ER5R] t RARE— BRI 84E o

BERTR

ValuelX

—

ValuelX

—

ValuelX

Neo.K X EveMissLab - PLDST-025

28/78 -

https://thisoneisneok.com



H Identity #4% > MRS EESRERCNERNE

SECTION
H+= - Reference

Reference BIE .

B#i Value ;
° TEHTARA;
° AL,

° 1%

° HER=M;
° BFEIERF °

Clojure {2/ Ref ~ Atom ~ Agent ~ Var EREEIE ° FBE— TRIEE8 MESFEMAMRESES -

SECTION
HZ+M - HER(EER
Hickey BB EER :

f:Value— Value

REXRITER A |dentity BHHVIER T st BHE -

ARG E S FHERME 2 IR KR -

SECTION

E+E - HERREAE

Neo.K X EveMissLab - PLDST-025 29/78 - https://thisoneisneok.com



newValue=f(oldValue)

Reference< newValue

o =
o 775

® Snapshot ;

o I

® Audit;
BARG o
SECTION

H+75 * Persistent data

A
|
Re
Dff
i)
el
ot
&
Rt
pi
I
Bt
&
il

Persistent data structure MAEEH=(E ©

UpdateCost
<
FullCopyCost

Runtime AIMEIBEME ° ERAERSREESRESE -

Neo.K X EveMissLab - PLDST-025 30/78 - https://thisoneisneok.com



SECTION

A+t ERERMHHE

Clojure fEmEEARKE K
® Map;

® \Vector;

® Set;

® Keyword ;
® Sequence

® Metadata °

1742 Namespace FEERIE ° MAEESEERIMEER TN

AN\« MERTRE R 2R

BRI BERS

Data

+

Identity

+

Methods

+

Mutation

+

Lifecycle

AR AR R —EE AL o

Neo.K X EveMissLab - PLDST-025 31/78 - https://thisoneisneok.com



Hickey fR4F :

Data

+

Functions

+

ExplicitReferences

SECTION

F+H ~ Sequence abstraction

Clojure #y Sequence :#%#& Collection BJ FHH[FEI R EIE(E ©

BE1RE McCarthy TR —1R(EiEH ° BERERFIABEREBERZ List

SECTION

75+ * Transducer

Transducer & & Algorithm ¢ :
® Inputsource;

® Qutputsink ;

® Collection type ;

® Execution strategy ;

FRifFR o

IR -

Transformation
+

CollectionTraversalContext

Neo.K X EveMissLab - PLDST-025 32/78 - https://thisoneisneok.com



B Hickey K32HE75 ARV HBIRIE o

SECTION

At— WETFLHRIE

Clojure AEIIEHCSHIZEE OS ~ VM i Library 5 ©
EfERA :

° JVM;

® Javalibrary;

® JavaThread;

® JavaClass;

® Existing deployment

Ak :

NewSemanticModel

+

ExistinglndustrialRuntime

SECTION

o BEREFRBILEEF
k38 JVM E&{E Clojure BEESENEE ° 415|A :
® Javatype;

® Reflection ;

® C(Classloader ;

® Host exception ;

Neo.K X EveMissLab - PLDST-025

33/78 -

https://thisoneisneok.com



® Startup;
® Interop edge case ;

® Performance model °

FREL

CoreSimplicity
+

HostComplexity

RR7E o

SECTION

"= Rz OES
Hickey £2 Clojure Core RHEREM) :

* /DINTHEE ;

° BH—MREE;

* (X5 Library ;

* {$5/ Data/Function ;

° RFEAEESR ;

° FRFB/KAH -

EEMBEMERARIEEARS

SECTION

731+M « Hickey FIRGE 14

S_H

SeparationOfConcerns

Neo.K X EveMissLab - PLDST-025

34/78 -

https://thisoneisneok.com



Neo.K X EveMissLab - PLDST-025 35/78 - https://thisoneisneok.com



731+ 3E * Hickey FE!

N3 Hickey FIE# -

[Decomplective Structural Simplifier]

AGHLIER > FEFREANERS ° MEEAZ T2 RERIBS R AR — B
w5 EMESTEMEIRAE

SECTION

75175 » Backus : 245

Backus EREEER :

o mmER;

o REZE;
o AREHH -

thHEZERRIEIENRESESHBZEEERE -

SECTION
751+t + McCarthy : IEBFFSEFRAY
McCarthy R ER !

* ¥} Symbolic expression HIIZ1E ;

® Conditional recursive definition ;

Neo.K X EveMissLab - PLDST-025 36/78 - https://thisoneisneok.com



® |ambda abstraction ;

* applyeval ET#11TeESE ©

751\ * Hickey : {EZ Y&
Hickey B X ER :

® First-class value ;

* Hldentity EFT OB ;
* T4 Collection context 248 ;

* TFJHREPLBEEIMHSE °

SECTION

~th o ZERERE

[Backus : ProgramScaleFunction;
McCarthy : SymbolicRecursiveFunction;

Hickey : ValueTransformationFunction]

SECTION
t+ + HEAIEFZR5
B=E&#7EA Functional programming B2 !

® Backus #f Lambda naming,substitution B9#t#) ;

® McCarthy ¥ Lambda ~ Recursion £ Universal function RY{X#8 ;

Neo.K X EveMissLab - PLDST-025 37/78 -

https://thisoneisneok.com



® Hickey # Impure host ~ Explicit references £ Pragmatism BJ3% o

SECTION

++— -+ Backus : FFE{EXTEZAD

Backus #ERERTEZR :
° RS ;
° BEREH
° AR
° MHHER -

FFERARFS IR BARRRR © A BE D HALIR(E o

++= + McCarthy : fFSR2 et B

McCarthy 8 Atom -~ List £2 S-expression i1 % :

o HWh;
o AR;
o f2xt;

o EEmM;
© BERE -

IR E RGP RARER ORI o

SECTION

+-+= + Hickey : P OER{EBEPRC

Neo.K X EveMissLab - PLDST-025 38 /78 - https://thisoneisneok.com



Clojure fR8 Symbol £2 S-expression ’ {BE 585 :

® Map;
® \Vector;
® Set;

® Keyword ;
® Value;

® EDN;

° FBREH -

RAELMNEE ° B MEMEE) b T—UE=E Listy B ©

SECTION

t+m0 - RnFE—EE

RepresentationUnity:

McCarthy > Hickey > Backus
BEREELHR

Backus BRALZTVAES ° McCarthy BRI —RI5R AT ° Hickey BRIODARERBBMRITHERE ©

SECTION

++3 + Backus : RGREE
Backus s3& KX E 8215 Naming convention :

° PEBRAES ;

® 110 Procedure declaration ;

° BEABRIEBESH
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e 381t Word-at-a-time B# o

SECTION
475 + McCarthy : & BIEEEAFTRIZERR
LISP f&£F8 :

® Symbol ;

® Parameter ;

® Function name ;

® Lambdavariable ;

* Label;

® Association list ©

IR A EEHRN & ° TR EZD

SECTION
+++ - Hickey : ER&BTBHE
Clojure #9 Symbol ~Var,Value 7388 :

® Symbol 2f2H{&RT ;

® Var & Namespace FEBIENTIEERSR ;

* Value KHARETE ;

® Local binding ALK AT EFHTFE ©

ERY Lisp ar R IREBIBAHEIL -

SECTION

t+N\ - BBRFLTN
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C_(name)

Creation

+

Scope

+

Resolution

+

Substitution

+

MutationAmbiguity
Backus E=EPE{E Creation £ Substitution o
McCarthy FJFH Name &£ sBSHEST ©

Hickey ZEP&{E MutationAmbiguity * L4 Namespace B2 Resolution °

SECTION

++7 + Backus : EE Combining forms

g=¢(flX¥,....fX)

HATAMBSR > BAEKHE -
SECTION
N\ + McCarthy : Lambda - List £1 Macro £ &

=P Y=
® Function application ;
® Recursive definition ;

® |ist construction ,
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® Higher-order operation ;
® eval;

® Macro tradition °

HA 4 pl ZE R E R o

SECTION

J\-+— - Hickey : &#¥l + KZ) + Protocol £1 Transducer

HERAE !
® Pure/mostly pure function ;
® Persistent values ;
® Sequence ;
® Higher-order function ;
® Protocol ;
® Multimethod ;
® Transducer ;

® Macro o

Bz OIEEMAR EIRRAIEH
SECTION

N+Z -~ S EHREHEIRNY

CompositionFreedomuparrow
=

PotentialVariationuparrow
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Backus A& E R IREIHEIE o
McCarthy MR & BIREBGERE ©

Hickey LUGHE 7 BE R T 2 OIRENRHA P I AR IE ©

J\+= - Backus : {BiEiEFIIEHSH TN

ERETURER :

function calls itself

MU AR
® Map;

®* Fold;

® Insert;

® Tree/Sequence transform

SECTION
N+ « McCarthy : BiBZ:E =452
Recursive function & LISP etz z— ©

B RN R IEERRAER

SECTION

J\1+3 - Hickey : iEBZr %S > BFApZiAE

Clojure 73%& :
® recur;
® Loop;
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Sequence operation ;
Reduce ;
Lazy sequence ;

Transducer

BEEXBEEH Library SFEREVRIEIRE o

N7~ IEEN=ERES

Backus : iEE
McCarthy : IEiEZEME K AT X ER
Hickey : i % FIEIERHE(EL Library

1% Combining forms

J\+* + Backus : FR{EAREEES

Backus Fm S B EH/ st BEEL T ERARRE ©

HE®R:

Computation
>

StateTransitionFrequency

SECTION

N+ « McCarthy : Fs=#Zi0 Applicative * REERIRIMA T SHE

1960 £ LISP il AR E4E S-expression #iil * BEERAKEES :

Assighment ;

goto;

Neo.K X EveMissLab - PLDST-025
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® Machine-language function ;
® Association list ;
* 1/0;

® Compiler°

At -

PureFormalCore
=+

EntireOperationalSystem

N+~ Hickey : IREEEFRERIE

Hickey Rl B fBARAEEGESE > MRZEXK :

Identity
+

State

+
Value

=+

Reference
+

Time

SECTION

L+ « Backus £ Hickey HEEZR

Backus T EHREE :

Neo.K X EveMissLab - PLDST-025
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EARREIRE D s BARE - BREE ©

Hickey B9 E5RRE :

SERAREEIA B A BARE |dentity ~ Reference ~ BFRE B EEE S o

SECTION

h+— + McCarthy B9 E

McCarthy iREERBRF LD EHEATEHE
£ Lisp ELLATIR :

® Functional ;

® Imperative ;

® Object;
® Actor;
°* STM;

® Persistent value

SECTION

H+= -+ Backus : {XE{EEi

HIRIRA .

PIX

Neo.K X EveMissLab - PLDST-025

FISREEE S BERT ° MAETTREAMRRRER o
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S HRREANHESS -

L+= + McCarthy : iEiBH;30E2 Universal function

IR

® Conditional equation ;
® Recursive function ;

® apply“eval ;

e EREBRRTC

EEIESNHBRGITERE -

SECTION
Hh+M « Hickey : BT HIR1E
Hickey B3K :

. EFE;

o ERBHABLEE ;

o RESBFEARE

D

* Algorithm E#ITIBEEDBE

FREBIUSTERZAN ° MEFBHEIEFTERFEHRIMERE o

SECTION

N+E - ZEBFERHR
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[Backus : F2RXER;
McCarthy : fRISERSEAE S B,
Hickey : {& ~ B H{EER]

SECTION

N+7% » Backus : #ZLEE ° EINHE SRR

StableCombinators

—

NewPrograms

fth )z F RERIR4SF PR INBE A Framework ©

SECTION

N+t « McCarthy : #itv)y ° ESTTHESER

SmallCore

+

ProgramAsData

+

Eval

—

NewLanguageForms

SECTION

L+ « Hickey : #ibHl » #EIRKFEEEN KB ~ BEH
Library

ConservativeCore

+

JVM
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nth « ERERAERIE

® Backus : M{EIZE Combining forms £ ;
® McCarthy : UGBS AERAEIRN ;

® Hickey : LU BI#A&0K ~ Core team E278 EAEIR 524 o

—B * Backus : S IEEAEERRMN

Backus &2 :

e =hH= -
F=R=1]

° FEARAMNE;

° ARRGERH

° HEWRBERE;
HERBESHSRE -

ER—EERREREN -

SECTION
—BZ— + McCarthy : #2UIEIL ° E(FEA IBM 704

S-expression £2 S-function 3l 2 B85 E 23 ME L o
BEMRIIKRE
® |IBM704;

® Liststorage

Neo.K X EveMissLab - PLDST-025 51/78 - https://thisoneisneok.com



® GC;

® Stack;

® Reader;

® Compiler;

® |nterpreter

SECTION
—HBZZ  Hickey : EEBEE > BXFER
Clojure &% JVM :

* REFHEILZEE Runtime ;

* REMEILLE Library ;

° EHIFEARBAIE;

°* TEfEE _EE# Value, /State,/Function model °

SECTION

—BZE= - BNIEE

SystemReplacement:

Backus > McCarthy > Hickey
Hep:
® Backus BEREREHRN ;
® McCarthy ISR AMENSEMETE 1SS ;

* Hickey FRREIEIEME T4 o
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SECTION

—BZM » Backus BB E

FRLAE -
o fEEENY;
o BfE;

o SNERBISAEE R -
&N
® Combining system ;
® Function algebra ;
® Specialized implementation ;
® |/Ointegration difficulty ;

° REtEIRRIEE o

SECTION
—HBAZ A + McCarthy i &
P -

o EEEEEDS;

o EEARENE;

o B BHRTEE;

° FIECIEREMENL ;
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HreE = e HIE AP o
&0

Runtime ;

GC;

Dynamic reasoning ;
Macro,eval 22 ;
BE

ITH;

HEHRIE o

SECTION
—HZ7N * Hickey Bt E
BE(E :

Mutable object reasoning ;

Defensive copying ;

State ambiguity ;

Algorithm context coupling ;
ZIDINBEREAR ©

0

Persistent structure ;

JVM interop ;

Reference model learning ;

Neo.K X EveMissLab - PLDST-025
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® Dynamic tooling ;
® Macrodiscipline ;

® Core governance dependence °

SECTION

—BT+t « ZEEHERE

[Backus : 1@ 1FEHE>AESNEHERAREE,
McCarthy : REHE—Runtime B35 R4,
Hickey : AREEIEFEE BB A2 R]

SECTION

—HBZ/)\ + Backus ¥ Lambda {Z4 95T
Backus 827 Lambda-calculus BAMEEHA * WA :

© wE;

® Substitute ;

® Variable ;

* BB Combining form ;
LMY

EHEZEER]R McCarthy ©

SECTION

—BZN + McCarthy RIRINRBX T BB &EE ° BB AP D 5EE

Lisp BEESLRET !
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® Lambda ~ Symbol £ eval ARS8z ;
* H—RTABBSLEREY;

° INMRDBEBAEREMA -

EBF thEET -
° AEAH;
* BEVIEEER;
° EFETAMA;

o ANEEEE

i

° i

N
NERD

~

o

)

o

i3

i}

g%

i

o]

SECTION
—HBA—1 * Hickey ¥ Lisp BYSEIE 14 4%
Hickey 1R :

® Code-as-data ;

® Macro;

* REPL;

® Function ;

® S-expression °

{BIEAEERS -
° EBEAEEN;

® Identity,/State B ;
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® ListME—HIL 5
° HEHBATSE,
o E[RHIINAEIEER ;

° MHNERATAIREHE -

SECTION
—B—+— * Hickey 2 Backus N EE5ERE
Clojure I8 B &1 Backus FP BJEE Function-level algebra °
EhfER :

® Local binding ;

® Lambdafn;

® Symbol;

® Variable name ;

® Recursion ;

® State references ;

® Host side effects ©

A Hickey £2 Backus R FERER RAELBREER ° FEESHEIAER -

—B—+= + McCarthy F2EEES 7}

McCarthy IR OFE—EBE /I A M -

Program

Data
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E—AMBEARER Backus B Program algebra > thR[EH¢ Hickey B Value, ~Identity separation °

SECTION
—HB—1= * Backus FFRIRARHNZSENAR
Backus FP :

7RI Lambda calculus ZHD ;

* 1§ Function-level ;

* fBAERE Combining forms ;

° BABCHREEREEINEAE -

AREEH Haskell ~ ML ~ Scheme ~ Clojure 2 EZEEAHSZE -

SECTION
—BE—+M + McCarthy A% Lisp AR
LISP 2% ARHE

® Steve Russell ;

® Daniel Edwards ;

® Timothy Hart ;

® Michael Levin ;

® Paul Abrahams ;

® Phyllis Fox ;

® Klim Maling ;

° ZEREEFRHLREE -

eval A# Interpreter VB {ERR LET8ERERA McCarthy °
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SECTION
—B—1Xx * Hickey I ERRT Clojure &5
Clojure HEKIBAZ :

® Lispsyntax ;

® Persistent collection ;
° JVM;

® lazysequence ;

® Macro;

® Reference type ;

® Namespace;

® Hostinterop ;

® Toolchain °

BEMREBER ° TRAPIRARE

SECTION

—B—1+78 » MROFRFRNERE

SmallLanguageKernel

+
Time
+
Users
+

Libraries

LargeOperationalSystem
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Lisp £2 Clojure #zEFRIZ O R ER TIRRIFH A D BT o

—B—+t « FUEREFREARH

Hickey A2 HFREF R ° M RR R

Identity
xrightarrowt
ValuelX

Backus AR EL SR A AR EREMAREEIR

SECTION

—B—1/\ B BB GEESERIMR T 5}

* 1/0;

® Failure ;

® Resource ;

® Concurrency ;
® Distribution ;
® Deployment;
® |nterop;

® Security ;
EHEEERIMER o

= NGBS RO AFIERSEOR -
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SECTION

—B—th - LEBIERE

#h Backus McCarthy Hickey
[RIGRIRE MR FARRRIES 1RERTSREA A 5E ~ 59 « IRARERRT
R EERENEAHEN BRFRRSEER To2EZHNEHR

Rl REERRXE SAENERME RE Lisp Symbol * EEmERAER

A

G

MBEE AOHBEBHR &8 - Lambda ~ Symbol &1y &% Symbol * Var ~ Binding * Value
g ME Azt X0 EEE  BEAGKMA Local binding E1BAHE Reference 73

IEiE %34 Combining forms %02 ZH Library,/Sequence,/Reduce &3

#4 EE Combining forms Lambda - List ~ eval ~ Macro Function ~ Data ~ Protocol * Transducer
Zo NEEE NEERMES MR > BEREK

IEE HEREERE SBENERMAR Library ~ Macro ~ Protocol ~ JUM

ARRE PRESEREIFRMBS %0 Applicative » Z#RS Value /Identity,Reference BRRE 73 B
o2 RAH BEXSETHITER B HEESEI R

BERE ERERER EVFIL &M IBM 704 JVM H4E

FTERY TEh - S ARERE #i—KRT - BRILER  &R2% LRAHHE - EABE - BERERE

FERE I/0/ ZERAKAE K= P -LE-TH 58 - BXERE  FhiaE

—B=1+ - =EEBERE

Backus :

J_B

aA_(algebra)

+
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McCarthy :

J_M

a U_(representation)

+

B G_(generativity)

+

y E_(executable-semantics)

A P_(primitive-diversity)

Hickey :

J_H

a D_(decomplecting)

+

B V_(immutability)

+

y R_(explicit-state)

+

6 H_(host-leverage)

A l_(intertwining)

BERAXDER > FR=ZARKHELAT -

—BZ+—  ZOEFRENEHESHE

HiaE = (e PRI
REAHE ?

B L BEERNE ?

BERRE?
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AFIZRE 2
REE?

TERS?
-7

TRER T8 —ARFAE2IER -

—A=-1+= - BIUfgENaER

SEREHAERRERCH |
MBS T+ S ?
EHERREIN—E ?
ERAEBERBHEE?
Runtime #TIgH+ESE ?
Tooling BESRMIERZEIE N ?
EEEMESNERIEN?
HEINARRE SR FRF R 2% 2
TR B AIEARSE ?

=
[=]

T
[=]

u
SECTION
—B=1+= - BURHRER:
sh s X REREAR B = EAR A -

® Value-level calculation ;

® Program-level composition ;

¢ Effectful procedure ;

® Symbolicrule ;

® Transformation pipeline ;

® Stateful transition °

TR IERE#N) EARE ©
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—B =10 « BIAfFERENER

aRRENS—  WARE !

Read “eval 2 ;
® Macro phase ;

® Namespace;

® Security ;

® Tooling ;

® Source mapping ;

® Generated code diagnostics ©

McCarthy AR M AR SRAER -

—B=1 1 - BiREIEREREERE

Backus 1= B2 F IR :

Frequency(StateTransition)

Hickey $2FEFLMIRARE

Semantics(StateTransition)

WEEA—AE] o

SECTION

—B=178  BEASEFRNEREDE
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AT LAERET -

g L DEEE -« aEAS
BEE : 3R MacroProtocol
2XEE RS

FERE : 835 DSL
BERSABGPTEMZER °

SECTION

—B=1Tt - BEFERETFE

fEREEA Runtime AJEIE :
* GC;

® Thread ;

® Library;

® Deployment;

® Tooling °
BHANBEBEIRR

®* Type;

® Exception ;

® Performance ;

® Reflection ;

* Lifecycle;

® Interop °

SECTION

—B=+N - FEBBHEHEREE
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BHREREFENEE :
° ZEMARBEE ;

® Effect;

® Resource;

® Transaction ;

® Distribution ;

® Compatibility ;

® Optimization °

BB ZEREERERBANER  MEREMEREURE -

—B=th « SARFARHNEHE
—EHRARY

REAETRAVER ° BiS RMEELBES I ER/SAMAE

—B=1 = ARSI

Backus SR AR KRR :

Programming

~
~

WordAtATimeStateManipulation

McCarthy s2ARAKEZE ©
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Programs
can manipulate
Programs

as symbols

Hickey S8 ARAHIER -

Concepts

are complected

_EE+_ e Eﬁﬁg ﬂ.._,\/
Backus :

e UV EBEIERSEERIIERN ° AR ANZEREZANAE -

McCarthy :

‘ S G — P RRBUEE BT R R R I AR L IE R B 5 3E

—_
= O

I-Tilckey :
‘ B MEIRE ~ B - A&~ BREEREBROM  BUESCAEBREERA
SECTION

—B=1= - ZEEEERS

[Backus : PREIAEEEE * WIREVEHIEIE,
McCarthy : #fi—&Rea5 > MIRENERSE
Hickey : BB EEE & UIREVEIEIEMR]
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SECTION
—B=1+==ZBTEHRES
AL > R AT -

BN — P EE S BT ©

Backus T EE 1%y Combinator ;
® McCarthy RIEHXERIRT ;

® Hickey A rIEEELBARE State model ©

BEELEFHR:
® Macro BEHIRAERE?
® Host effect ERKIBLLE A ?
° B RERSERIEZOTH ?
* %7& Reference BEHIEMIZORE ?

° ERAREUNAIERE /0 B ?

SECTION

—A=+1+M + &4 PLDST #IE

[John Backus

Algebraic Transformational Simplifier;
John McCarthy

Generative Symbolic Simplifier;
Rich Hickey

Decomplective Structural Simplifier]
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SECTION

—E=+E - SXBEHR

BEMLARRE NIAERA
PRLE BRPEAB AN REARSTHE ©

Rk :

[Simplicity

Constraint

+

Generativity

+

Separation

UntrackedCoupling]

) MRBREMLERARZMETE ~ MR UER > UK

Backus ~ McCarthy £ Hickey 3 BB E h—IEH#E M52

® Backus &1t Constraint £2 Algebra ;

® McCarthy &1t Generativity 2 Representation ;

® Hickey %1t Separation £ Explicit change °

for

BE=REREFME PLDST ¥ TR5EY) REEAVLLERER -

EEER4H : John Backus,John McCarthy,~Rich Hickey
FEE= &H  FP/LISPClojure
HEaE | UREESRRTEEGSEERE

Backus :
ZOEE=F TR E G E A

O ZRE&E =Function-level ~ Combining forms ~ Program algebra

Bt =EEES R eI SR

FERF =B RGEINER T

Neo.K X EveMissLab - PLDST-025

LREES

EHEERR=AHER - BF-1/0 A&

SAaE

71/78 - https://thisoneisneok.com



McCarthy :
T IR = RS A R B AT AR A AV ST

N A

ZILVERBE =S-expression ~ Recursion ~ Lambda - eval

RSB =/ NEUAE RRAZ O R — 3R

EHE AR =Runtime » GC ~ Macro ~ A= 8518

FTERW =8 %2 - ITHE X%

Hickey :

ZOBERE=1E ~ 89 AR « R EER R

#Z0ZRB& =Immutable value ~ Reference semantics ~ Function ~ Host JVM

R EE 1 = RRRRSCHEEA T (E D R

B E R B =Persistent structure ~ JYM ~ TH ~ BHELAIE
EREI=TEF R » BETH « £FE(E

T2 BB

Backus={UEE R R B 1%

McCarthy =4 BTS2 G B8 14

Hickey= AR5 4TRGBS 14

ARG &

A¥Y) B RE HEMEE BMEZXR PLDST 125

Backus ZEF#ZHIZEFEZR Function-level programming X% RE FP system B-F
Backus f2XNELUFEESER Program algebra BI#& Algebra foundation B-A

Backus BHAESAFERE. EE Combining forms A=A #ZD0EE B-C

Backus FEESERMHEEE Applicative state transition $#8%& State model B-S

McCarthy FHEEEBREAREE List S-expression Fn#E— GCRuntime M-S

McCarthy FFSRREIZEIEE Conditional Lambda,“Label “%mi#%it» Dynamic execution M-R
McCarthy EBESEAHITERER apply‘eval :BE#HA— Interpreter/Safety M-E

McCarthy f2XFE#£(EF2X Program asdata JEFEE! Macro, Dialect M-P

Hickey fEEAREEHBUER] Immutable values E354E Persistent structure H-V

Hickey Identity BAEERT#RAVER Ref Atom,AgentVar EfE7 B Runtime semantics H-I
Hickey Algorithm #87E Collection context Transducer 1BiE3BE Library abstraction H-T
Hickey ¥:2=EEMAES JVM symbiosis BEFER Interop complexity H-J

[R1] John Backus, “Can Programming Be Liberated from the von Neumann Style? A Functional Style

and Its Algebra of Programs,” Communications of the ACM 21(8), 1978.
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— BREHRTE ~ Function-level programming ~ Combining forms ~ Program algebra ~ Applicative state

transition °
[R2] Grady Booch, “Oral History of John Backus,” Computer History Museum, 2006.
— Backus ¥f FP €& ~ 1/0 HZ « TR RFRGIR 18 B RHERVERERUL -

[R3] Computer History Museum Software Preservation Group, “History of John Backus’ s Functional

Programming Project.”
—FP ~ FL ~ FFP » XFEEIFELRTF ©

[R4] John McCarthy, “Recursive Functions of Symbolic Expressions and Their Computation by

Machine, Part1,” Communications of the ACM 3(4), 1960.

— S-expression ~ S-function ~ Conditional ~ Lambda ~ apply ~ Interpreter ~ List structure £1 GC °

[R5] John McCarthy, “History of Lisp,” HOPL1,1978,71979.

— LISP REREFZAX ~ M-expression,/S-expression ~ eval BE{FEESFERHA o

[R6] John McCarthy et al., LISP 1.5 Programmer’ s Manual, MIT Press, 1962.

— Interpreter ~ Compiler ~ Reader,/Printer » GC » B{FEXHFEHARL o

[R7] Rich Hickey, “Simple Made Easy,” Strange Loop, 2011.

— Simple ~Easy * Complect « Composition S24E8RIEE 14 o

[R8] Rich Hickey, “Values and Change: Clojure’ s Approach to Identity and State,” Clojure official site.
— Value ~ Identity + State * Reference » Time ~ STM £ Agent o

[R9] Rich Hickey, “A History of Clojure,” Proceedings of the ACM on Programming Languages, HOPL
1V, 2020.

— Clojure F2Rg ~ JVM ~ 2%5tB4Z ~ Persistent data ~ Concurrency BEE o
[R10] Clojure official Rationale ~ Functional Programming * Development £ Reference XX {4 ©

— Dynamic compiled language ~ Persistent collection + Sequence ~ Host interop - 2fil/E{CE2ER1T:E

HEo

[R11] PLDST-011, John Backus : % FORTRAN ZIRERIZRNFANERRE.
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— ARTIFTEEREAZE o

[R12] PLDST-012, John McCarthy : #/MZi0y ~ FFSESTERE S FIEREMY.

— BRI EBZFRMAZE o

[R13] PLDST-021, Rich Hickey : {Ef& « S REE 4RI RE.
— BRYIFTEERME o

BEREZAMA ¢ 2026-07-30 ©

B-F] Backus: function-level programming
B-C] Backus: fixed combining forms
B-A] Backus: algebra of programs

B-V] Backus: anti word-at-a-time

B-S] Backus: loose state coupling

B-R] Backus: reflexive revision

M-S] McCarthy: symbolic representation
M-R] McCarthy: recursive core

M-L] McCarthy: lambda and naming
M-E] McCarthy: executable semantics
M-P] McCarthy: program-data unity
M-G] McCarthy: generative extensibility
H-S] Hickey: simple-not-easy

H-D] Hickey: decomplecting
H-V] Hickey: immutable values

H-1] Hickey: identity-state separation

H-T] Hickey: transducer/context separation
H-J] Hickey: JVM host leverage

H-C] Hickey: conservative core evolution
C-
C-
C-

comparative function model

representation politics

F]

S] comparative simplicity model

R]
T] time-state allocation

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

€=
C-X] extension governance
€=

B] complexity burden

SECTION

E.1 Backus FP A@—fi%t Lambda &5
S AT :

° FPEANERASRALENRI ;
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° FRREEEMEE Combining forms EARSEEHRET ;
® Backus BBFE$E FP £ Lambda-calculus 2 Applicative system EEEX ;

o (ERAEREINBIREES H R EEREEE o
A :

Function-level programming

MRA4E Backus B{EM MRAMIRBESEREL -

SECTION
E.2 Backus 2B &RPFRAIRRE
B T4 E AR Applicative state transition 24t > FREELHRAHERE

HERZ :

REESA T RS —EM A ERERS
MARFIE RFKIEEIRRE

E.3 Backus ¥} FP B9{&HR(E1E

Mt sEBAFEFS Y
® Combining forms MiZVBEEHES ;
° /O HEEIZBRENHUTZFEMA ;
* FPIEATBRAMRKLZERDY ;

° fNEAENSHREREESRHANSE -

AX AR AL FP il ETMBVEREN -

SECTION

E.4 McCarthy #IDEBLERE LISP R4t 535

Neo.K X EveMissLab - PLDST-025

\REER R o

75/78 -

https://thisoneisneok.com



1960 s XA AZO L S-function BIREE R AT * (EFRH LISP RREES :

° R:=E

® Machine-language function ;

® Assignment ;

® goto;

* |/O;

¢ Tracee
AXEUIESF -
FormalCore
+

OperationalSystem

SECTION

E.5 eval 53[#

McCarthy $#2H Universal function B9f2z ; Steve Russell ZEH I EEH Interpreter B ; EttERHRERE

3L GC ~ Compiler ~ Reader,/Printer Kz &%k ©

X FIBEE LISP BEE McCarthy {ELA ©

SECTION

E.6 S-expression By {8 3%

McCarthy [R5t&LL M-expression {E5MEREEE « S-expression {EREIRT ©
M-expression ;2B E K * f S-expression A F ERME ©
KGR EARRE A

ERIERE
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MmIEE 2 TRE R

SECTION

E.7 Hickey B9 Simple &

(Simple Made Easy) B9 Simple FE15 :

° B85

* R

g e

° WEIIBMRHEMAAE o

SECTION

E.8 Clojure ;2 B EfBST 2 AUEKEX

B ErIERRERE Clojure predominantly functional /impure * 32 Ref ~ Atom ~ Agent ~ Var & Java

interop °

AXER

REIBT+ARE(CIER
MmAZ MEEMREES) ©

SECTION

E.9 Value £ Identity
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B 7 |dentity /State X{FBEREE S :

Identity AIATEREIRE R B RE State ;
® State ZEEAFAE Value ;
°* MEHEEBEBRHEL ;

® Reference BIRELELHER o

AXWFERDTER ° FREHFRBHBAL -

E.10 =7& Simplifier 22X [REY

THRBAR=AREDR :

Algebraic Transformational Simplifier
Generative Symbolic Simplifier

Decomplective Structural Simplifier

HARZE TRE%) DR EERRETEMRE
PLDST-025 LEE =FERG & 14 :

e

YR RY

ERERE
PLDST-026 Rt st B BRIkt

EESHEANSE « CABRE  ROER  RERR B RFCHAAER i
EHES NENRF—FIEE) 2

T—EEES :

PLDST-026 : AARETE ~ CEBHEL RFCHIE—BS AERAMLEE ©
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