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(E%) 2.1 s -1

+ Wi = (Judgement, assertion) [PFPL, 1]
4=, nnat nZ f A%
a=bnat anat. bnatBafebtg%
& HEFF N (Inference Rules)
e, a nat (1.2)

zero nat succ(a) nat
a = b nat
zero = zero nat succ(a) = succ(b) nat
(1.4)
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(E%) 2.1 s N -2

< JH44 52 X (Inductive Definition)
>w—@aHm L --}-‘h- #9 4 2 HLI) 48 2%,

+»#E52(Derivations )
> AT RS G —AAN AR, B (axioms)F
%, ERTFEKE.
> TSR FEE
do .11 --}-J;.- Rpmmn, Vi,

> Vi R

g, 1 Vo Ve RRas—AMEg
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(E%) 2.1 AsEX-3

< #:2(Derivations )

succ(zero) nat

> Blde ZeTo At [Iﬁ'&.

succ(succ(zero)) nat
succ(succ(succ(zero))) nat ' ®

> EQHEF(HRA LAE): AES GLI). DE®
> #QREF(ATRR THE): 4> GLN).>0E
——B AR89
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(E%) 2.1 AsE -4

< FNE45(Rule Induction)
> P(J): ATHEPEKTT THFH AR,
> deRPHMAFREXITHNMZT, WPHATA TIHRF o0
EIRFHRY.
> sFE-An L "}'Jx-

A: wRP(J,),.., P(3), MP(J).---124%
P(J4).... P(J}) ---124AB&

> ML RE: 2iE8AP(a nat)sFiA a natkz,
REIEWR:
1) P(zero nat)
2) 18&i&kP(a nat)& %, RP(succ(a) nat)R i
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) 2.1 ez s

< AEG E X (Tterated Induction Definitions)
PAEHRSNRESES —ANEHEXZE

anat b list
nil list cons(a; b) list (1.8)

AR
£2E8AP(a list)* FiA a listAR L, W REB4EH:
1) P(nil list).
2) #Bi%P(b list)®& = Ha nat, MP(cons(a:b) list)
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(E%) 2.1 A X -6

% BRILIAYE X (Simultaneous Induction

Definitions)
> RAMEXHAREALGT

a odd a even
Zero even succ(a) even succ(a) odd
HgRE

ZiE%iP(a even)* Fif a evensi i in}\P(a(})agd))i-‘J'
FiA a oddmk L, W REBIEHR:

1) P(zero even)

2) %=%P(a odd), NiP(succ(a) even)sk i

3) #=%P(a even), M|P(succ(a) odd)
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) 2.1 e

< PR e SRR
> PATFHLR Uikl g sum(a, b, )

b nat sum(a, b, c)
sum(zero, b, ) sum(succ(a), b, succ(c))

EHE(PFPL Theorem 1.4) : sFFFiA #a nat#eb nat, %
FEE—#c natiEiFsum(a,b,c).
iERR: ERASREN
— (Existence, &4 )% a natfeb nat, MA4£c natiEsd
sum(a,b,c).

- (Uniqueness,"—# ) Ka nat, b nat, ¢ nat, ¢’ nat,
sum(a,b,c), sum(a,b,c’), #lc = ¢’ nat.

(1.10)

|
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(E%) 2.1 FghE -8

(Existence, & f& ¥ Yo% a nat#=b nat, G fc natitsF
sum(a,b,c).

183&P(a nat)R FHH: &b natllA4c natzFsum(a,b,c). ik
ARERN (1.2)12 %412 %= R a nat, A|P(a nat):

1. iEBP(zero nat): f&ikb natsfHiktcHkHb, @A (1.10)TH
sum(zero,b,c).

2. iE#MRIXP(a nat), MP(succ(a) nat): BpfRE4eRb natl]fFic
nati& ¥ sum(a,b,c), FiEBAIeRDb' nat®)F4c’ natiesF
sum(succ(a),b,c’).

183&b’' nat , WEHRIK, HHEc natiEFsum(a,b’,c). K
c'=succ(c), A AHR(1.10)TAsum(succ(a),b’,c’).
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) 2.1 e

(Uniqueness, "t —#)4=Xa nat, b nat, ¢ nat, ¢’ nat,
sum(a,b,c), sum(a,b,c’), Rlc = ¢’ nat.

AREHL (1.10))2 4439 = Rsum(a,b,c,;), MR
sum(a,b,c,); #F4c, =c,.

1. fRi%a=zeroHc, = b, HbJaHIEH IR
sum(zero,b,c,), Mlc,Zb.&(PFPL Lemmal.1),#F
b=b nat.

2. fBika=succ(a’)Bec, = suce(c,’), H+sum(a',b,c,’).
2+bya #iE AT F 4= Fsum(a,b,c,), Rlc, = succ(c,’)
nat, sum(a’,b,c,’) b. w1 EJaMRiXc," = ¢,’ nat,
##c, = ¢, nat.
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(E%) 2.1 AgEX-10

< RN X R
> ATFTHRZE Uikt g sum(a, b, ¢)

b nat sum(a, b, c)
sum(zero, b, ,) sum(succ(a), b, succ(c)) (1.10)

> X (mode) : BAmikEiE A4

~- X (V,V, 3): s FHA#a natABiA b nat, Alic natfk
fFsum(a,b,c).

- “fe—"(V,V,3!): stFHAa natFHA KD nat, AA%E
—#jc natitfFsum(a,b,c). sumBALAA AL L RL

- “eRAENAAE—"(V,V,I5): st FHA G natA A K
b nat, &% &#£E—#c nati&fFsum(a,b,c). sumZitAdk
LR PogtE 3

—Rk, SARTRSHAMAY T HIAN, BEELEEMN S,
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) 2.1 a1

< PR e SRR Ek
> 1ER(mode) : BAImikEiE A4

~ “ERAENFR-" (V,V,I5Y): s FHAWa natipiA #
b nat, &% AR —Hc natiEfFsum(a,b,c). sumZ i Ak
Lok P -4

— i, DARFASMAALE T HRN, BEEREKAAEE.

BE I BAAERANZE, ERETARIAMK, e,

C CRRAENFAE— (7,31 Y): HFHA R natRHA
¢ nat, &3 K A%E—b nattEfFsum(a,b,c).
B R B IR —A (%) ERH, PRk,
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(E%) 2.2 BEKE-1

< HE W5 (Categorical judgements)
> RETFHEY B ARG AT
B SW = (Hypothetical judgements) [PFPL, 2]
> H—AK % /A5 245 & (consequent)#y ik
(hypotheses, assumptions),
> T-F-69(derivability)¥i & J - K
- M FLEG—EIXATH T GANE, EETHRFGHT

¥, JRKREATHE, HFEAEMN KLY R AThH AT

VAR HK.
- #REBX: HESLb PR
THEH T A
M Theory of Programming Languages - Judgements and Rules u

(E%) 2 2 EENE-2

> T #3649 (derivability)8i & /- K

— A TRERMTHARAT], W T+ KXFKTE
Tk,

FARTHN TR 4T RREE

% N --f-,;f;. R—EHARN, NEE S S0 d
RA XK.

SRy, TR, RAMBIRT A AT A
#54737.

TR AR LR —ALAGEEAN, XTI H
Wk, THekib.
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(E%) 2.2 BEWE-3

[PEPL, 2.1] Derivability judgements & Inference rules
i‘!—}*- is derivable iff J;.---,.J, - .J

Structural Properties

< Reflexivity For every judgementJ, T',J+ J
% Weakening If I'f-.J, then ', K I.J

« Exchange If I'\..J;,.J,,IxF.J,thenl'y, Jo,J; . Tk
“ Contraction If I'..J../ = K ,then I'.J+ K

% Transitivity If I K = Jand '+ K, then I' - .J J|
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(E%) 2.2 BEEWE-4

> TH% 69 (admissibility)# 5 J = K
TR E, RITRZANEFREE, WK TN
JUE S 2

[PEPL, 2.2] Admissibility judgements & Inference rules

STk is admissible iff Jy, oo, =
#i%=  succ(a) nat = a nat 2.9)
succ(a) nat 210
T g, mRATHSH
succ(a) nat I/ a nat (2.11)

THEZHW T LA 5 TS U ARF 925 MM .

Yu Zhang, USTC Theory of Programming Languages - Judgements and Rules 17

(E%) 2.2 fEWIE-5

< £ R0 5E X
> B—4
>@—@H T, FJ, s T, J, @.13)
G RAEFMILA R, AR T AN 6 BRI, T; HH0 64

FiANATR Y BRI,

> BT RN 2t B LT X R ELRS, Wi
B R ke (pure), TS A ETXaRk, B

1—‘1 - Jl Fn - Jn

(2.14)

J
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(E%) 2.2 BEWE-6

< ZATAGE X
> AR XA AN RERN G LB/ LT, %7
MR H 45 T X% R 48 E 3 44 (side condition)
AL XA GG HLR R R S 4G (impure).
B RS SH LT,
ITyFJy - ID,FJ, S(I)
I'eJ

S(NAAA LTI eI &0

(2.15)
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(E%) 2.2 BEWE-7

< ZATAGE X
> VAT MR AT 4o A )3 44 % SUR 7T 4% 49 (admissible):
I'eJ 'K TKFJ

rLJ-J T,KbJ LHJ (2.16)
VAR
> HIEPSHAG T T, P(TFJ)
NE 2R IT -J, - TD,FJ,
THJ
SSIRIERH: deR P(IT - Jy),---, P(IT, - J,)
o PTFJ).
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(E%) 2.3 SEMIE-1

S 4L W= (Parametric judgements) [PFPL, 3]
> AR — A FRSI Y Bt 89K
> 3§48 X (derivation scheme): @448 f¥ek T
2%k (Parameterization)
>R AXR—AH RO EKES, TR-AMBTRETHE.
LEAMMET  X[TFHTE ATME TALBRE.
> B AU E iR Bl E T (F P v E 9 AST A A
2 R A HAH G RIBFHBXV 1 LR,
> #l4e, © | x nat - succ(succ(z)) nat 3.1)
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(E%) 2.3 BEMWE-2

[PFPL, 3.2] Structural Properties

“Proliferation If X|7 andz ¢ x, then X z|7.
»Swapping If X, a1, 1z, X7 then Xy, 2y, 21, X5|T
< Duplication If x, z 2|7, then x 2|7

“*Renaming If x, z|7,,then x,y|7,, provided

(E%) 2.3 SHlE-3

> ZHHG ¢ X (Parametric Inductive
Definitions)
> e —Hde XA |IT; JlX\r . JXXH,|FFW FJ, (3.5)
HSELIMNAR A v AL G EF/SEL 1 AR
FiNTRGFHSEES B (fresh local parameters).
> Freshness: # &% 445454858 FRABLE
MZ A& R

>R/ LEFTX XD, FiAHRGEHHT LTI,
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that y¢ X.
vl
) 23 s34
<+ SHIAY E X (Parametric Inductive

Definitions)
> Pure paremetric rule

XT kJ - X Ta b, 3.6)

J :

AR

> HERF AT T, P(XTFJ)
N E ZstH—HM XYX|T, FJ, XX, [Ty - T

XTHJ

SIER R P(XXTT F Jp), -, P(XX,|TT, - J,)

R P(X|TF ).
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Pz 5 \\
ﬁ%) 'Homework

Fopuas

1. [PFPL, 1] 1.9 Exercises 1.
2. [PEPL, 1]1.9 Exercises 2.
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