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BRI RANEER B AN ERNSEE O A RE—NSE? 12—, MEH) G
RE—DNR, RER—MENREIRIIFRIZR, Flal: Ax. plus 1 x B—MNREEENE TN LE
1 HIREL, MBS IRESAT. HRECE XS STEERZIRE WA, RERIEEUART L2 S —
ANPREL, B0 Ax. Ay, plus x y (EFRLESZE (M. (Ay. (plus x y))))o

let HFELEZ—NEEHR, —PRIEAENTENE, DAL—PEREMFREK G LN
M ERZE &), BIa0: let square = (Ax. times x x) in square 10,
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program := expr

literal
variable

expr :=
|
| |(|expr|)|
|
|
|

abstraction
application
let

literal := integer | boolean

integer := digit+
digit := '0'..'9’

boolean := 'true' | 'false'

variable := letter+
letter := 'a'..'z" | 'A'..'Z'

abstraction = 'A' variable '.' expr
application = expr expr

let := 'let' variable '=' expr 'in' expr
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let hypotenuse = (Ax. (Ay. sqrt (times x x) (times y y)))
in hypotenuse 5 10
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By (ERSEy), HERE—DMET HIXPEEIR hypotenuse 5 10 XAEHHAMN, B
b L Y 2 KRR hypotenuse BRIV A E 5 b, AREHEIR BN R EN FHE] 10 17, st
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let double = times 2
in double 10
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let id = (Ax. X)

in id 123

X A AR K TR AN SRIERATT AL S — MR AR A R

let id = (Ax. X)
in square (id 123)
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let id = (Ax. X)
in (id square) (id 123)

2P0 JESCh“though this type system can't actually handle the fixed-point combinator”, EiFHN“X
MR G LR LR RHE T, FEHENX A E SRR A SR S H % Algorithm W 4
AR EHETHRE, FHRAET Y HEE Va.(a — o) = o BREAIDUERXMRBRGH IR, HH
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TaIEAHl, square 123),
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BIFRATTA int BUR T a0 GBI A —FE (BLUIIRF 2 o F int), SSRMZE RN, IR
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def something(f):
return f(f)
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(Trss = Tpyaee) = Tpaos
BEBMNBREENRESRIEE 7y 20 BFNEANHE f (ENSEULE T £, BLSEHIKA
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v — int, « : bool, v : float}, HPATRIXMEMMAE] 7 (BHE o — p) EZ)E, BAUSEIN
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MH {8 :~v— int}, REEEENER ENH {y: float},
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let id = (Ax. X)
in (id id) (id id)
IR B CRIEE 7 Z G RIZEIX M7, BEREERGEF B (XAIGES/L L ME/N, i
A KA, it ERELL VRS G st IX DN EIERIALHD o

5. &%) (Scheme) 5i{z{t (Generalization)
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H AR B2 R YA 3R . A1) 3R P 2R B AR 2 2R R i Y E AR 2R AR ) 78R (— il 7ol ix a2l
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[EEIF]F £, EBATEA— MEFRE:

let id = (Ax. Xx)
in (id square) (id 123)

CREESR 7?2 XMl AR A g — T RIS, ) XH, id WEFGEZEEAWRMER: HEgN
FTF square BN, BERYZRBINIZIE (int — int) — (int — int), TS EHNHT 123 BIRHE,
ERRBHINIZE int — into E2IPIE? IXFLE 2| —FI#ELEE (instantiation) 777,
BRBATEAA id BREIRRE, FRATRIE id FZRAIRT)] Scheme([a], o — ), FHIFRAIEDE
RIS — R B R, X PNERSER— PR (MAERERY)), XH, off
IR, A ABRMTHA— N2 iR 8 BT, EEMRER id EREEIIHEFRA TR E
DAXM—IR, BREHAER., 2R E, IB2E D id BT square) YK
BIRAT AN ag — o, TIEE A id BIRBIA] DIESEBEN o — aq0
BTEFRATTH AT DARE o BHEN (int — int) MIASFHIMES —1 id T FH, FATATLK o) B
BN inte (FAVELFNEEIE oy BN int — int D2 IXBIH—LEREEIRBRATN, FEEFRA]
2F DA — LR 5 )
IAEVRBLHIER BRI R 2, PARAMAISERI e — N RBU R TR OISR T, RATRT|

Scheme([ry, Ty, ..., T, ], 0), HF 7,80 FHEE

V1 V1. V7,0, £F 1,20 FHEE

IXHR N A RBIR G A IR RR 2R (generic type). &EKA! (quantified type).
2FFEAY (universal type) & 28534 (polymorphic type) 5

A FRATIE BB GrAe] Q1 @ SRR 2R A, SRR AR H— D2 Gt IR SR R A RYAR 2R
) FIEAEE R HARE B A R A, A R] DA E A P FISUR A B At DAFRATT A 2
BRI g AR R 1A v BRI PA T o IMEIRM R 0 T 2RAI R A 2R &, R
BRGNS, AU ERER v B,

e, Figk, RAUPRLE? 157

fAT SR, RAAGERE A CERERE OF BANEMEHEN) RIARE, H— R
BHAD:

(Ax. let f = (Ay. x) in f 123)

R £ AL, B, FPA—E BB RECSRA, SESAZEMN 4.2 nlDUREZRPE, A
BATH— PR ERFRE, TTEMAEER, BHIRZN 7,0 ABLIREZIAUNE? 52 x BI2E
B BN 7,0 IRARREL £ HZEURE 7, — 70

YEATRE £ B 123 BB, IXSHESEEETUM 7, Bk int, (HIRFERUZZARZEN, BIEE
Tpo WHLRWL, HIMTLGIL £ FISBIRIMBE, FRATROZAE M 7, MEREF 7, T, BERY
RN FRIX— R, BAT0E £ R v, 7, — 7,0

IR FAVH LA AR L BAVELADEN Z R AR v 8L 7, TARE 7, M 7, &I v
BILNE? KA 7, ERARE R BN, AR 2 2 28RIRE? 2 Y aiTE B4 E XA RRR
Mo x BAE fANEE X, FHEARR 7, b7, RRIZHE V B, SREEER 7 - 1,
rr

EEERERZE, 26 et SPEQIENEEA S, HENISBASE Iz (ENREARY)
RELER IR

BEETRR:

S e LS DUSOX —BOSCAS R IR E AR N AR B R, FFHIRE 2 e eSS —Mid S,
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o BRRIIVT V.. V7,0 H— DR o MG TR v B8R - K, Hibrn 2o
H SRR B

o GFEIZREN, ZRRRER

o AR NN ERIANE H — R RS RIS R

o BRIRSIP R v BARRAIRE, PR SINSAIREA A TR
SRSy

o GEHZRERN, SKALEREEIRS

o LB —PERBRIN S 4 — A

o LML IR 2R R v BRI B B Oy iR &

6. #E T FIEAHRAY

BUE, FFH-2T, AT DR e RE T

AU R BRI ANS: BHESITURFRIAN, DI ATHSRAIASL, SRAA 2 —
LEY (B THHERRA, MNEFRALR) SIZAIRSINIMS, ARG EE 7 H a0 TEH
BT R, HEADTHAMRESENMEFRIRIUR, RAAER K, MERRE SR, Bk
RIBHRE BAINE IR,

KA FRECH P NIREME: RIKAER, DU — N, IRA] DURE Bl SRR B 1 A
AR HAM Ry (BR 750 B9—M53

SR i 1 FRIE T, H—PRIAEE 5 — P FIE (Cean &y & — M R
RIZAM—MENSEINFRIETD N, BN FRAAE AN B &, A8 E2EE), =
PAFIAE U I — L5115 - A I RTE 2 A8 T A A& 18— MEDOT FIZERIME RIRIAS, TEEHIE
HHE—PEIA, FRICHRAA A R,

ZIokEm], FIRTRENE S P AR FRIAAMA RS, ENTRE BRI — MR 38
IFHIALEE FRIAI, FE NERRERP ARG R IINE R, JHE LTRSS, SaiRERE
HUER, B AR,

LEBATHEIR PR RN RIS TR B T4

6.1. i, Hla 123
B AR, BADRENXAMEREA (i, WRER false BLiR[El bool, GNHR(ESE 123 BR[|
int) PAN—1EH G,

6.2. 8, BN foo

WAKIN, BAERAING AL B, G2 —PRRURI, FRREHLHIRR— DR, X
MERIRI— DR e —FFIR ], N FEEABAGE A ZX N &, sERE X N B ARPIE
X, X MER,

TR, SEBMR R B RN, T2 A R R AR e

6.3. FNEAIAR, Bl Ax. times 2 x

X TE & BRTE R BEA BAE — D28 E 5, Q12— DR R Bk R R N2
(M, TTERL, BATESERRN x, KRB v, &5, & —PRAEEIA,
FEHAIIA I x HARHSGFURI vy, OXPRBRSTREE T eEE, a8 rn
AR KRB IME, WBRARREIA, JFSERSSIAEAL),

S XA BRI AOSRTUIAET, 33 T OGS R AR BREUA B 380K, IXSIR B R BUA AR /1 — 4
B S,

g, NEANINCIERRAASE vy M S BEEHERNER v X—5 RN
MG RIS B RIESEFRE R 288, RIRAE v, AR B A R PEEUR, 2R, B
R S A RER P AR AR



BRAEFRATTAT AR R 2R 1 PRECEA PREICET! (IFIE) . SRR vy BT
e S SRR v, TR ESPHUZ R EIRRIZRE 7

TR 2, ERAnsd oA R EARTE IR IR A 7 3H 7 = bool ML S = {v : int}, FATH
FAUE vy M S, 58] v = int, LEATHAGERAES S EHIZEA v — 7 = int — bool,

6.4. BN H, I foo 55

TE 534 BREROSE F RPN ) FRATTNRE ELFEHE BRE IR [F] 2R Y R R R 2R A, B B A [E A

BREL (BARA o — o) RIB—1MEFE (BEEE int), HEFERESEEREI R A, BrLORE

EHRATIRNIZSE int, MR o TPR EBATFR LA AR B L R ESE A — iy

RIRSCIRS RIS (i, HREI—DREESEMIEENE) ., EX2)E, BIT8ME

JEREHIE BRI HTIRMEIRAL T,

1. QRS & o, XSRS B S A T 43R eRIE IR [F] 2R 8 X RIS
5 e HE, ERME el T, RN ENITME —ER X (A7
EYEIR) .

2. BIFHIA B BRI AT A R ARV AY, RIS — M S, AIROA KBRS o QnEREREL
R (FIU foo), ARAIXUEITYEFH SFEATLHILIXNZE &R RT,

e, FATE TR A ABREEEE ()

3. XRAPRE R A R S, DA — MR AIRAE T . I AZX M2 Fh
BATNINFES T AR MAEX NI RRRBA T B RLE(S BRI RER A AR 2R S
BH BRI (times x) (id x) BIFRIKXA, x FELGMIBERHILT), FrDAELkE: 2 miFkAl]
POZBE R, X— 0N N RES AU ERE R R E

4. fEAGHTOIERIRAAEE T, BN GIAN AR, RIS S, AITENSHNFRIEIIE

ing Too

5. % 7 B S, 198/, FINIA—#E, X2N THABAHESGIRRENRGHER, ©&
FETRIEAY,

BTERATE T AAGMIAZEAE (HIXIENEEE R BN FH R A,

6. QIE—DRERE r, - 7, KHS r7 (REIEE) H—tk, IHEEEH S,

XK 5 ERECERRAR EIE AT — b, IXAERAT T REIR 77 RIS IR [ 2R (HEE o 0

el T 2B BIAT AT ),

IH— R M — AP A G BRSOl A2, R —RIXX B EE TR B

R, IR2AREEAT DA E SRR E B IE N IX DN RIS SR B — D B

7. G ERGER T, BETRESEWNNREERLE . ST MSHEEREIR S HE8#H 5, S,
1S, HERSK, JE—DMRIVEH# S,

8. &, BTN » A S, 1538 n/, Hmt/EREN A LRI 2R,

HRIRZ, FIDIRAMESE— T QR E R EBRIREE r -, MSERIEE r, A

FIN—DHEBIE & «, H— b1, = 7 Wl = 7, RIGEHEERE » P ERT 2288, 5

WRET

6.5. let Zi5E, B tet x = 123 in x

RE—17T, BER—T!

1. #HESHBE -NRIEX Wl 123) B9, KRG S, FI2RA 1,

2. MBS AT A BN e 5, DARIEE—DTAYRBIIAE T, BT XA R

;ng T1 ?2“2&3’3@%5” v---Tlo ZE, ﬁ'ﬂjxﬁ’fﬁﬁﬁ Flo
3. QI —NHHRIIAG T, HUEZE (FlFhi x) FRIERY V. o,



4. XN T, PRIFTERBIN AR S), QI —MREEREMNE (X—11) Tyo XERABANEM
SENREAARBBRPIRE TG, FAZEEE - NRIAXHES P LiXEE
)%\ (o)

5. i/ [y X8 A FRFRITHA TR, J21EH 5, M58 N RIKHKHIZEA 1,

RIRRMEHIZAIGR ), REIRPEHRNE S, 5 S, KWHE,

XIRBAEL— T, BRESHE - PRIEKHRE (7)), RERHEZARERRY, XK

RIRSIIMANRRIINSGE AR5 HE 38 D RIAA A AL,

A HREZEE, BSEXHEE— T, /£ Ll U, BAHEREEERIRIINZL T — 12K

R QERIRE BB LG IR —, IREBRITNIE CvEBESE0 Gl 7R, HARNE

RIS PR A R e R BRI 8, i, | let 5IARIZERA] PIEEHI HA

[FIRER, MR SEEIANEEA T, UM IEZ S TARY:

let id = (Ax. Xx)
in (id square) (id 44)

i A S 2 AR
(Aid. (id square) (id 44)) (Ax. x)

TEFTE RS STy, BRSEEOMEAR MR, MH et FIARZENA] AR
AR, ZHOESHIZAIE SR IXAN) (7 Haskell HIRAT DS I gwias R “N iz
R IFE YR AT — MTIEAI ),

BEAMIAR I — R IXA SRR ATRENSIEE S H 51BN E . (ARBA TR BIAFRE RIS, BATHAT
DA HIB U BRI, RO IR BRI DAS IR B ) JREBAR M2 AEFRATTA et HEE—4
RIS TG ERIN i, B AIEE PIAZIERLIAET R, Rt R YRS — D FIRX AR,
ZARBAHEMG I HEZ5IHZIX N ERBAZATHIIE, MAZH let RIEXTIAKHE,
AT, Rk

let x =5
in let x = square x
in x

AIEEERIE 25,

7. &5ig

LR Algorithm W, B4 TR 1A Feik 2R F BT S | RO R [ SR i

o R RAESIGE : F  T(EHRE,

o RERAE : I IRERE HO R TIEE T II

o X ERECI S (ERTRA : EAIE TSR, IEECRTER R T

o X BB RO - (R O — MR A ROF I R B, ILAMEE B I —
Wik, 3 LA,

o X et BRI : IR EUIR, RN ARG,

o MG AFAR MRS R SR T Rk R A B

T e

SR IXERNCL B IRE NN, BUEIE X Generalizing Hindley-Milner Type Inference Algorithms, A
B4,
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https://dspace.library.uu.nl/bitstream/handle/1874/23951/heeren_02_generalizinghindleymilner.pdf

W :: Type Environment x Expression — Substitution x Type

W (T, x) = ([], instantiate(o)), where (x : o) € T

W (I, \x — e) =let (S;,7) =W({[I'\zU{z: S}, e),fresh 8
in (51,5,6 = 1)

W(TL, ee,) =let (51, 7)) =W(l, ey),

(Sg,73) = W(S1T', €),
Ss = uni fy’(Symy, 79 — ™), fresh x8
in (S5085508;,55m)
W(T,let x = ey in ey) = let (S}, ) = W(T,e;),
(Sg,m5) = W(S;I'\ x U{x : generalize(S,I', 1)}, ey),
in (S50 8;,7)

i B IX i SR L VR 72 A s — (L 2 SRR D BB AN AR, PAACENRI S,
ERERBAX )G, (REZEREER el HESMIRRIA EREM,

W DL E S ARFEEANBMEIR, B Twitter FIRERIFEMEE; WREARIRER, Hnd
GitHub issue R 5 7],

) JH— (Most General Unifier)

ARETER A — AR B “E) IH—>, BLREINERIZIIZEA (&, eSS RIZ
TR ) . URAT DAPRAR A IX T E RS B 5 P S i D B 4L

Peaniid, FATZEH— R o — o B — v, = PATIIH— (B#R) 2 {a : int, B : int, v : int},
X Y SR AT PARE )T — (L 2R (BRE225 AL int — int), (EIXRERZAAZEA, —Dal1TH
BH—E{B: a,7: o} (NS o — o) B—PNATINNES H—2 {a: 7,6 : 7}
(FNBBIEREA L v — 7)o

& HA—A T EEHTER, 2

ARG

« #i% (Abstraction): fJE— %

« WH (Application) :

» W AE#: (Application of substitutions) : #—PEAYH Y FELES AR & F H &R AR
» PN A (Function application) : 18— EE%L

BNF: ERH-H6/RIE

4% (Binding): flg— M E&E

12tk (Generalize) : MIEHIQIELTI R

THSF K%L (Identity function) : —/MEAIR [ S E KL
Sfilfk. (Instantiate) : MZRBURYI QIR

#% (Scheme): UL“RAIZRZI”

e (Substitution) : MIEAIAR & FI A SREUEATTHIZE B A LR
FAERSE (Type environment) : /ERIFREIZRIZERI RS
RAUZRA| (Type vcheme) : — M RIS BRI
BB (Type variable) : KBRS — N RAE

TRETE: unify JR9 mgu, BN Most General Unify,
S RN B
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https://twitter.com/silenceofnight
https://github.com/chuigda/9T56/issues
https://github.com/chuigda/9T56/issues
https://github.com/chuigda/9T56/issues
https://en.wikipedia.org/wiki/Backus%E2%80%93Naur_form

—

H— (Unifier): —MREMES M REUAE R

« 2 (Variable): 1&&HH— DR AT UfFRHEHELE(HE

B0

* Algorithm W Step by Step: {#H Haskell SZEi T Algorithm W

* Principal type-schemes for functional programs: £ 7 52%M Algorithm W, Stk
PLE Rz

* Excessive explaination: BH/PM=EIRFILEHMIERE Algorithm W H—FR%I %
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http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.65.7733&rep=rep1&type=pdf
https://dl.acm.org/doi/pdf/10.1145/582153.582176
https://ericlippert.com/2016/11/30/4498/

Your reality

FEvery day, I imagine a future where I can be with you
In my hand is a pen that will write a poem of me and you
The ink flows down into a dark puddle
Just move your hand - write the way into his heart!
But in this world of in finite choices
What will it take just to find that special day?
What will it take - just to find that special day?

Have I found everybody a fun assignment to do today?
When you're here, everything that we do is fun for them anyway
When I can't even read my own feelings
What good are words when a smile says it all?

And if this world won't write me an ending
What will it take just for me to have it all?

Does my pen only write bitter words for those who are dear to me?
Is it love if I take you, or is it love if I set you free?
The ink flows down into a dark puddle
How can I write love into reality?
If I can't hear the sound of your heartbeat
What do you call love in your reality?

And in your reality, if I don't know how to love you

I'll leave you be
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