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BRXESEIUIARNE

2IVES BRI E » WHEMIR AR %E‘ﬁé’léﬁﬂi
BEEERITFRMELRS - EFERRGES )\ﬂaﬂE',%%i%Tﬂ

FHRIERET 7 HENENES ° el e
maximum:
int maximum(int a, int b) { mov eax, edi
if (a >= b) cmp edi, esi
return a; jge .L1
return bxb - 4; imul esi, esi
} lea eax, [rsi-4]
.L1:
ret

define dso_local 132 @maximum(i32, i32) local_unnamed_addr #0 {
%3 = icmp slt 132 %0, %1
%4 = mul nsw i32 %1, %1
%5 = add nsw 132 %4, -4
%6 = select i1 %3, 132 %5, 132 %0
ret 132 %6



EXESEUIHKRAE !

REAES SR EERRRIERENES R

SELECT author FROM commit_Tlist
ORDER BY commit_time DESC
WHERE ci_result='pass'

LIMIT 10;

B TUE o

def seq(Gs):
for G in Gs:
yield from G()
def replicate(G, n):
yield from seq(G for i in range(n))

struct parse_instruction_and_construct_ast_p :
pegtl::sor<
inst_p<ret_keyword_p, make_new<ret_i_t>, 0>, // return
inst_p<pegtl::seq<TAO_PEGTL_KEYWORD("br"), //br
sep_p, save_p<label_ap>, sep_p>,
make_new<br_i_t>, 1, 0>,



w R « ERENESHENSSHRG

1. ABEAESHMELFEE o AMNFRULEEIRIE « 2%
LRMRESHBENEE) > I HEEHNEMIBER HIBR o

2. WREERIRPERE S A MERE o (BRIAES | AT ZRVAREN ST
BIEE SR THE °

Python 3 documentation, 6.2.9. Yield expressions:

When a generator function is called, it returns an iterator known as a gen-
erator. That generator then controls the execution of the generator func-
tion. The execution starts when one of the generator’s methods is called.
At that time, the execution proceeds to the first yield expression, where it is
suspended again, returning the value of expression_list to the gen-
erator’s caller. By suspended, we mean that all local state is retained, in-
cluding the current bindings of local variables, the instruction pointer, the
internal evaluation stack, and the state of any exception handling. When
the execution is resumed by calling one of the generator’'s methods, the
function can proceed exactly as if the yield expression were just another
external call.


https://docs.python.org/3/reference/expressions.html#yieldexpr
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ARFRRSETIR | #RHBEPAEETR > EXES
BEEEERAHBRRES  EE—SMFENRNHEY G -

[EIERBY > ReE ~ IE1E « EIRER - B/ FBREOMEERET
BBEEIERP U BT - HFIL AL HRELE TREHEN
BRAESNEERRSIER -

WIAMEH | EBIRESHEONEEE - RIEEEESY
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AR ERESEH NOEDAESHRENRS
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FEEUARRESNRES -
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- BRMERERHAR AR
- BABSREEARE  5tE
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EESNHEER

RIESHNERERDAREE Bk  JENERRESFIHMN -

1.

sk - —EEET > BB URNEZNVHMSREEEGEZ
18 o MRFEARBIBRE T PR ~ D IRBIENF R ED A
BUARED - (EREESRESIRIES

RIES RESRNN R RIFEHREEHNES -
R L MRS BHREETEN (WEREEHY B IR
B FRAZBERLR » 2t rAAER TR &
RERURTLURIE ~ #HEIERE R - B0IER » IRMFEREERN
RBAESZ ENEBREF -

BRARS - 2R RGERE—EF2R T —E85) - (@
FZTURARBY BB TR T HBITHARIRYTT & - HA)sEaR > B
BRAENRIZNESHEEZRE (sound) B9 °
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: EEARREN A EIE RS 2

o1&

—fEFESF > BNEE URAEZNHEREERMEE o HMRE
AR AT FEIIHERR ~ D SRSIEINE R AT RBVAEET o (2R
HBESBET SRS o

ZR—EREEREMIIZNGES | HiliEsS - BifsE=+ > —
B2 BIA—ERINE « FEZF T EEMBARBAERNEL -
IR HIBFABELRA o FfINREBME SR AN EH
AIEEBRIBFREESES > ER 2T B BBIPHR

Example (BLBS5E7% (concrete syntax))

(5 + 2)*3 3 + 4 % 2 3 % (5% 7)
5




JsEE - HMSERANE

BB SNMKELEESE
1. —%& terminal node : ﬁ%@ﬁ’*?ﬂ(ﬁ’]ﬁﬁ!ﬁ( ) (n E N) °
2. Wif& inner nodes : AR JTiE s« BYERRS (b

@ (n) (b) A

?*dFﬁ%H—:L,U:B’Jﬁ?ﬁ%%%&ﬁﬁﬁ_t RIRIEFIBBZIEIN » BT AR
BERRENERBASRIERIEER - MIEFEMERIRTSRES o
Example (SR :57E# (abstract syntax tree) BIfSE)

+9) x 3+ (4x5) ((2x3) = (5x7))

(5 2) 3 g 3+4x5 ﬁ2x3x(5x7)

10



f5EEM Haskell B

data Expr = ILit Integer -- (a)
| Plus Expr Expr | Times Expr Expr -- (b)(c)

e %/QA ﬁ

Example (B4 algebraic data type Expr B{EHISREEH)

Times (Plus (ILit 5) (ILit 2)) (ILit 3)

Plus (ILit 3) (Times (ILit 4) (ILit 5))

Times (Times (ILit 2) (ILit 3))
(Times (ILit 5) (ILit 7))

"



BEEE  FEES

Term > e = njle+e|exe
N > n == 0]1]2]...

HMREEERNEN SR E A context free grammar SRANHE SR ©

«o ") )

Term AFRAMHMRES ﬁE’J%A o A = Al > Term > e RBART
% e UFB Term EVEEAR o FSRGMRIE | 2FEAY productions
RFHFEE AR e E’]_E?F%LE‘E c@nM)e+ed(c)exeo

production HRRIFFSEYN n ~ e AREEFRBIBVEER > Bl e+ e
B8 (b) PMAIRFRIELARE Term HRIGEER o

12
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e - BEARRMENARESERNN E812

o1&

WMRMES » BHREE 72 (MREEE) B T28) - EFRE
ZEEREN » 2REREBES TRR) 2REARILURME
HIERER - BHIKR > RIFERRERNENESZ LHE
BRI

RAEAEH TRE FHNREHE=FEANES
1. ##4Es8% (operational semantics) -
EXEERIT?
2. AMBEESE (axiomatic semantics) -
EXHITARRAROTEEARE - MER (UBHEAKRE) ?
3. $5#858& (denotational semantics) -

RIARRTERR?

14



[=]=]

int maximum(int a, int b) {
if (a >= b)
return a;
return b;

o =~ w N —

}

- BREE#RIT?
maximum #MEIUBRFHEHRITE 29T F a >= b 2 true A
BITE 3 17E11E a » BRIMITEMITEE b ©
- BXMITRIRRARAOTEHRIRES - EERE?
maximum IZWMEZE > WEHEEPERKAE °
- BRARARCTERR?
maximum(a,b) 5tEEE LB max(a, b) EREL ©

15



[=]=]

1 int factorial(int n) {

2 int prod = 1;

3 while (n !'= 0) { prod = prod * n
4 i n=n-1;}

5 return prod;

6}

- BXNEE#RIT? (BR)

- BNPITRR R MROTARAIRRS « 1482 ?
% factorial A Nn:=NecEN>0E > X
factorial &1k - HEE(E factorial(n) = N!

- BXRARAEER?
factorial stHEUWERKEL : f(n) = {

nl ifn>0

1 otherwise
16



Hilrs

*E= BY operational semantics

4EFEIR1ESES (structural operational semantics) B G. D.
Plotkin AR » 451424

1. MBS RGNS NERAES EREEZMERNT
2. BB AMASLGEEERNRARAER

RAGIBIRFREREANEMES R > RFISIAREERRES

- — (BB ERESHFE Value C Term » BB EFIERAMET
BEER - EEHHITTER v e Value TBAME ©

- —EAEHENBERBES Term £ binary relation
— C Term x Term > M EMTE S HEX U EMERT o

- —ERANEERELRH - ZRIEHREF[ENE - B

ecTerm>FHe=e;—>---—e,=vAle WEBEBRE ve



HFEE=HY operational semantics

Term > e 1= nle+e|exe
Value > v == n
BNEENE (RESHEER) REBEAH—EnIsE » mIbrg
TEIRTSH BRI EM RISt & ~ {ERSEI(E o
: (”1+”2)—>ﬂfﬁ\¢'ﬂ:ﬂ1+ﬂ2
c(mxn)—=nEHAFNn=n xn
- FTEACERIRERENERTN—EF R E > MNEHIFERZ
Bz o FIt —» B EMATFRE « IEECHEIEFNEE °

Example

- (5+2)x3 = 7x3 — 21
-+ 2x3%x(5%x7) = 6x(5x7) = 6x35 — 210




Bifis

sE=HY operational semantics

Term > e 1= nle+e|exe
Value > v = n
FHABERE — IREENMF R ERU R EER B RCRAIREREL D o
BE28EREINEINM n+ ny ~ nyx np FETBIE redex o %
binary relation r ¢ Term x Term B&EZ redexes BMEES » Bl
(ny+ny)rn forallny,ny,n e N stn=n1+n;
(nyxny)rn forallny, ny,n € N st.n=nyxn;
EREZEBREXPEMTFRE (B) redex) » HRENESTE
IEFABEEER > Bt — EZEEINHE
“rc—oo E%TZ!K%—J £ redex

FYva
cetey et Be e vieysv+e B ey veho
ceixey s eixe Be el vxey svxe, e, —veho

19



Hilis8 = B9 operational semantics

(n+ny)rn forallny,ny,neN stn=n;+n;
(nyxny)rn forallny,ny,n € N st.n=nyxn;
R ER SRR A EZEM production EHRMEE o LUFHuH
fI9% e ~ ep ~ v HTETBARERA - BBRISEHRNE A
At BRI R AIEERENE AR o

crc—

/

cetey et Bei e viepsvre B e, —vehe
ceixey s eixe, Ber e vxeysvxe, e, —»eho
Example

2x3x(5x7) = by (e1xey) —(efxey)Ney— ¢
x(5%x7) = by (vxep) — (vxe))Aey — €

6x35 — by (nixny)rn An=nqxn;

20



Bifis

sE=HY operational semantics

(ny+ny)rn forallny,ny,n e N stn=n1+n;
(nyxny)rn forallny,ny,n € N st.n=nyxn;

IR EL redex BYE relation r ¢ Term x Term ©

—ARTS P WEB— e c Term SIAEBEEHM € € Term ;‘%E ere’
FEEFISEIZRAARIA Expr -> [Expr] RIRERE

redex :: Expr -> [Expr]

redex (Plus (ILit n) (ILit m)) [ILit (n + m)]
redex (Times(ILit n) (ILit m)) [ILit (n * m)]
redex _ []

21



Bifis

sE=HY operational semantics

ERZl reduce BYEY — o isValue BSEAIH Expr FIE o

reduce :: Expr -> [Expr]
reduce e = redex e ++
case e of
ILit _ -> []
Plus el e2 ->
[ Plus el1' e2 | el' <- reduce el ] ++

[ Plus el e2' | isValue e1l,
e2' <- reduce e2 ]
Times el e2 ->
[ Times el' e2 | el' <- reduce el ] ++
[ Times e1 e2' | isValue e1l,

e2' <- reduce e2 ]
2



BARS IR (ETE

- WMREABNES Term SH4MERD ; FE—ERER
ecTerm BB e:=neN-e:=e+e, He:=ejxe) =
EnjgEz— °
A Term BHMAEERD » BREXNDTEHRIETUELS
e € Term ERVIRIEEH N EBERMNE

- HESARMIAEET - BFEER ° {8 reduce RELABSIEH
T — BIBRMNERERIRIER A ©
ﬁﬁATEE'—*/HtF'EH%ET’E e— e Ms » EAELUTHAHE -

e — e Bl ere’ > T ere’ X&R (N + ny)r(ny 4 ny) 3%
(N1 x ny)r(ny x ny) Z—-o
e BlAe+e, velre, ) ARfFe; — e o
ce—e BlBvie, svee,  [BRFe, » e ©

- FOERYRIAEME o BRNIERRLL o

23



- BB S ETNH B RO IFEREERMELD
- —(BFE S BV A RS EEIEER - MREEABNESER
PRERIET -

- BERPVEEIREERADEIEES LNEB ARG - LUEW
%Aﬁﬁﬂun/iﬁﬁAtE’J binary relation ###t o

Side Note

ERBIRVEER TP MEETEH relation FE_LRILIMA inference
rules WK derivations IETUHE ~ Z5M8HIE S o NLEEETBMIBIZR
EZ relation BUSRANAENE GEUNSRANIRERES) o

24
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Term > e n= ... |x|letx=eine
Var > x,y,z,... == Xx|y|z]...

Var is a countable set of variables. It is left abstract.
HMEEMZBSPSIARERBSHERNESEE - EVESE
EREH2EURBILNHERN et EXXMAE ©
B letx = ejine, BELHAE o BUE » LTEFTHE e, FFE x
MES e sTHEBER

Example

letz =51n
T+s letw=2z+31in
ZxWw

letx =21in
(lety =5inxxy)+x

26



Binding * Scopes £ Substitution

Term > e m= ... |x|letx=eine
Var > x,y,z,... == X|yl|z]|...

Var is a countable set of variables. It is left abstract.
LRI ele’ /x| RF capture-avoiding substitution » BITEfREF
let HBEASIBRVIET ME e FRFTERGERVE SN x EALHAL o ©
B e PARMENEETES c ETHIEEBESE (free variable) o

let ETUAE 1_1_ substitution & o Mk 518 e R E81 x 45
EEME v1 BEBREES e[v/X] » ﬂﬂﬁtﬁﬁﬁ?ﬁ&i{ﬂ? WY SEBER ©
Example
(x+y+5)[8/y] = X+8+5

(zx(letz=21nz+3))[1/z] = 1x(letz =21inz+3)

27



iH let X

Term > e n= ... |x|letx=eine
Var > x,y,z,... == Xx|y|z]...

Var is a countable set of variables. It is left abstract.
BEIFAYER » BPIWMU T AR binary relations r ~ — 48
it let EXEEHAER !

- (letx = vine)r(e[v/X])

- letx =ejine; — letx = ejine, B e; — ¢
Example

letx =2in(lety =3+xinxxy)+x —
(lety =3+21in2xy)+2 —

(lety =5in2xy)+2 —

(2x5)+2—>10+2 —

28



*EE_EDI:I = m;&—%*ﬁ@

RREMWSES | ESARERER

SR BRI A

29



A EfthE I R

Term > e == ...|b|e=e|1fethenecelsee
Value > v == ... |b
B > b == true|false

HKFIFEEMES P51 boolean (EAIMIREZRILER o &
boolean RN FESHBEER

- boolean fE b € B = {true, false}

- FIEMBEELGEEREEGHESHN = EET

- A%~ BEDEER if B
BMIBRERASTEGER—Value IER > A boolean f& ©

Example (830 F E&)
ifz=0thenOelse z x3

30



boolean {2 if E{MEtH

ARAR veValue IBRT » Rt — PRI ERRFE o
s (vi=v)rtrue B vi=v, e N vi=v, € B
(vi=vy)rfalse » EthER
ez ez Bei—e; vee,sv=e B e — e
- (1f true thenejelsee))re;
(1f false thene;elsee))re;
- ifethene;elsee, —» if e’ thene,elsee, E e — ¢

Example

if (1f5=3then falseelse true) then3+4else0 —
if (1f then false else true) then3+4else0 —
if then3+4else0 — —

(5x(8=true))=0— (5x )=0 4 (stuck!)

31



BRI BRI R A 4R

HE— DI RER > A ABIBIRIEES o BRI EE ? B EE(ER ?
bool has_solution(int a, long b, int c) {
long AC = 4 % (long)a * (long)c;

return b*b >= AC;
}

HERFE ERNERRE SRS TIIATENER !

- BRI R—EEECERPHEENER
- BIRIAR— BB AT RIRIE

32



BRI BRI R A 4R

E—DIERER > A BIRIBIELS o BURIRHE ? BHEER?

J.H. Morris, Lambda-Calculus Models of Programming Languages,
PhD dissertation, pp. 12, 1968:

“We tend to understand these subjects pragmatically.
When a programner thinks of recursion, he thinks of
push-down stacks and other aspects of how recursion
“works”. Similarly, types and type declarations are of-
ten described as communications to a compiler to aid
it in allocating storage, etc.

The thesis of this dissertation, then, is that these as-
pects of programming languages can be given an in-
tuitively reasonable semantic interpretation.”

33



BRI BRI R A 4R

E—DIEMERE > MABIRIRELS BRI E ? BHEER ?
B.C. Pierce, Types and Programming Languages, pp. 1-13:

“Atype system is a tractable syntactic method for prov-
ing the absence of certain program behaviors by clas-
sifying phrases according to the Rinds of values they
compute.”

BRI LU Y FERY B Bl 2 4

- REIGHEANBRERR
- HRERNE—EREE > B - DEHBITER
- AATERTHITHER » FrUBER A R & TR

34



HiifsE = R R R AR

Type > 7 == N|B
Context > T == (Xx9:71),...,(Xn : 7Tn)
BMES AN RRE—EBARERIRIERARERR > HE
B2 R B EH VR (judgment) > TDEEHBERER > =&
BEPBHIERREATEZNNMITER ©

IERZRERE N 8 B & » BT judgment XA
r-e:r
BiIeRERRE e &ET E’Jiﬁiﬁ"F’*'JE'Ji’j r (FFR -1 Ty BRF

B—EB49) o ZMERY judgments BB T RER inference rules
ABMBNE 2R EX derivation o

|_1|—€1T1 rnl_en:Tn
N—e:r

HPIERERIRIT [ BUAERE | [ BAEASNAERE o

[NAME]

35



ihih © HPRAEEE (natural deduction)

BIAEESARRE judgment IS o TE T e : 7 Z9b » HREE
AR s — B r BEERMBRIAEEE c MZRAE L judgments &2
iHi@ inference rules EITAEZRY -

J1 In
J

FEILE inference rule # 2 Jy, ..., J, HAIR (premise) » | RHEE
i@ (conclusion) o FEIBEEIER inference rules » judgments &
4HE FRIARAY derivation -

Jnan . Jn Ak
Jng .. oo Jnmy

[NAME]

1,1 - Ji,m;

... .. n
J

derivation E#8RY judgment HERBRIIR * B4R EH AT o

36



ihih © HPRAEEE (natural deduction)

Ji - n MN=e;: N N=e:N

lFej+e; N
inference rule I T B BEBHESENESE - Ea0I8 /1,..)n
&7 derivations BF > [Name-A] FREAFRFISERRLEFIER ) BRI > [F]
BFEEER [NAME-A] #% J1,. .., Jn BY derivations ZH&1ERL ) Y

derivation o

V7 - Vo

FERMN BRI RAREF > [T-PLUS] I HIET R ER o1 + 00 RBEE
BRI N o BTETE derivations s8F8 e; ~ e, HIRIB T P EAEF]
N > [T-PLus] [BREHEY e, + 0, 7 T FTRIEEBRF] N o

[T-PLus]

37



HATEESEBIRL | Inference Rules

e :N Ne): N

[+ e1+ey: N [T_PLUS]
TraN [NAT
e N e N
Fexe N [T-TIMES]
Example
—— [T-NAT] —=—[T-NAT]
=N : =] [T-PLUS] ——=— [T-NAT]

F1+2:N F7:N [ Times]

F(1+2)x7:N

Remarl? HEER BURIRERAALL > T e ~ e, FIEBER AT
soak o EERFTRUIEEEIRYEE AR o

[T-NAT] ~ [T-PLus] B2 [T-TIMES] tbfé‘zﬁﬂ& MR E A E
SNRIRIET (e1+ e, ~ 1 xey) ETTHEAESE > SEERBEHNME

38



HATEESEBIRL | Inference Rules

[T-BooL] lFei:m ThRe:m

FI—DB |—|—€1=€2]B5 [T'EQU]

e : B ey 7 Fes:T

[Fif e;thene,elsee;: T [T-IF]

Type > 7 == N|B

Example

F7:N FO:N
F7=0:B  false: - true :
Fif 7=0then false else true:

FRREETRAANE if EIVRVEEE > [T-1F] X if ElFIME S
BRAEE - MIEHEST if ERARNERERERBEERES)

39



£ Judgment HAHNAERER : Contexts

BRI R S—ERER R RETREA—ERA) > ABE

- 2R E bxb >= ACBOEFIEMHEE?
bool has_solution(int a, long b, int c) {
long AC = 4 * (long)a * (long)c;
return b*b >= AC;

}
- [EEZERRISE z =0 ENRVER] ?
letz =3+51in

if[z=0]then falseelse true

B judgmentTe: 7 BFR T = :71),...,(Xn : Tn) &
EXRE e RETHTRIESME LT o

40



HilisESBBARL © Inference Rules

(x:rer) [T-VAR]

M=x:71
MlN-e:r ML (x:7)kFey:7
L (. Fe:n [T-LET]
N-Tletx=e;1ney: 7
Context > T == (X1:71),...,(Xn : Tn)

HRBERE > [T-VAR] EIEWNCELR) E XX T RS EAY AR o
I let &30 0 [T-LeT] B EHREBHREZ SRR o

ZEEIN letx = erine, o WBFETE e BYE » WA x H7E
B o NstBERBEESTE o)

Eeo ERIET TEER 1 B o) WtBERTBERF A
71 BB o FLtHF x WELRIIEE S m BUIRIET » o) EBEBIEFIED
7 let EILRYELR o

4



EI

IeE = BIBBIRER © Inference Rules

W (x:Ternm) [T-VAR]

M=eq: 7 M (x:1m)kFey:m
N-=Tletx=ejiney : 71

[T-LET]

Example

% et = (if z=0then falseelse true) B% D %

z:NFz:N z:NFO:N
Zz:NFz=0:B

el

D z:NIF false: B z:NF true: B
F7:N Z:NF e :B

Fletz=7inepot: B

42
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EIE S R S RIESR

HEEE

IR B A A BRI FRE R T R E S I EEE -
IES PR TVERIER T 2RI A KRS » BAIEAFFEREL
KEHVST R o

HFIALS A T IARRERES  IAZ SRR A ERN
WERAR] - TR TBNEABEZS  MENERETMNES
EHPFE R EE (BHEY) - SREREE
ERIRAGERE  EREFEE -

& > I T R BRI | AR -

SHEAEI M

RN BB BEE ESRAER » HPREASHEE
(FEth2EESAEBMEE) SEREBRMAMEER -
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