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class counter { let newcounter = \_:Unit.
private int c =0; letc=refOin
publicinti() { c++; return c; } let incc = \_:Unit, (c :=succ (Ic); Ic) in
publicint d() { c--; return c; } let decc = \_:Unit, (c := pred (!c); !c) in
} {i=incc, d=decc}

s TR AZIRETA?
let c1 = newcounter unitin
let c2 = newcounter unit in
letrl =cl.iunitinletrl =cl.iunitin
let r2 = c2.iunitinletr2 =c2.i unitin
r2
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kkogoro_2
附注
因为这里是abs，被看作value，所以整个函数体都推迟计算到app

kkogoro_2
附注
关键在于
let c = ref 0 in 这句什么时候化简
如果没有abs保护，它在声明newcounter的时候就计算好了；如果有abs保护，他就在每处被赋值给c1 c2的时候才计算、地址自然不同

kkogoro_2
附注
4 1
去掉第二个，在赋值给c1或c2的时候就会计算let incc = \_ ...，得到1之后，incc就是1 : nat了


EFSIH: RFERAX

newarray = \_:Unit. ref (\n:Nat.0)

lookup = \a:NatArray, \n:Nat. (!a) n

update = \a:NatArray, \m:Nat, \v:Nat,
let oldf = lain

h-\
] u

a := (\n:Nat. if equal m n then v else oldf n);
T Jupdate & EfT AFEE 157
update = \a:NatArray, \m:Nat, \v:Nat,

a := (\n:Nat. if equal m n‘then v else (!a) n)



kkogoro_2
附注
此处oldf已经是从内存中读出来缓存了的当时的数组（函数）

kkogoro_2
附注
整个作为abs存到了a所在的内存位置，但是这个!a还没有解引用，只有再次对数组查询的时候才会化简！a，但此时a指向的值已经被修改了,a的地址始终没变

kkogoro_2
附注
有副作用，不能随便惰性求值

kkogoro_2
高亮
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Inductive ty : Type :=

Ty Nat : oty

Ty Unit : ty

Ty Arrow : ty -> ty -> ty
Ty Ref : ty -> ty.

Inductive tm : Type :=

(* New terms: *)

tm _unit : tm
tm_ref : tm -> tm
tm_deref : tm -> tm

tm_assign : tm -> tm -> tm
tm_loc : nat -> tm.



kkogoro_2
附注
地址值


Notation "{ x }" := x (in custom stlc at level @, x constr).

Notation "'Natural'" := Ty Nat (in custom stlc at level 9).
Notation "'Ref' t" :=
(Ty_Ref t) (in custom stlc at level 4).

Notation "'loc' x" := (tm_loc x) (in custom stlc at level 2).
Notation "'ref’ x" := (tm_ref x) (in custom stlc at level 2).
Notation "'!"' x (tm deref x) (in custom stlc at level 2).
Notation " el ':=" e2 " 1= (tm_assign el e2) (in custom stlc at

level 21).
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Inductive value : tm -> Prop :=
v_abs : forall x T2 t1,
value <{\x:T2, ti}>
v_nat : forall n : nat ,
value <{ n P
v_unit :
value <{ unit }>
v_loc : forall 1,
value <{ loc 1 }>.

Hint Constructors value : core.

10
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Fixpoint subst (x : string) (s : tm) (t : tm) : tm :=
match t with
(* references *)
<{ ref t1 }> =>
<{ ref ([x:=s] t1) }>
<{ t1 }> =>
<{ !'([x:=s] t1) }>
<{ t1 := t2 }> =>
<{ ([x:=s] t1) := ([x:=s] t2) }>
<{ loc _}> =>
t
end

11
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e r:=succ(!r); Ir
e (\x:Unit, Ir) (r:=succ(!r)).

* Z£CoqHIEX

Definition tseq tl1l t2 :=
<{ (\ x : Unit, t2) t1 }>.

Notation "t1 ; t2" := (tseq tl1l t2) (in custom stlc at level 3).

12


kkogoro_2
附注
在t2外面包了一层abs


EXAFZE

Definition store := list tm.

Definition store lookup (n:nat) (st:store)
nth n st <{ unit }>.

Fixpoint replace {A:Type} (n:nat) (x:A) (l:1list A) : list A :=
match 1 with

| nil => nil
| h :: t =>
match n with
| O => x :: t
| Sn' =>h :: replace n' x t
end

end.

13


kkogoro_2
高亮

kkogoro_2
高亮

kkogoro_2
附注
没找到返回unit


—EXTAFZERIS|E
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Lemma replace nil : forall A n (x:A),
replace n x nil = nil.

Lemma length replace : forall A n x (l:list A),
length (replace n x 1) = length 1.

Lemma lookup replace eq : forall 1 t st,
1 < length st ->
store_lookup 1 (replace 1 t st) =

Lemma lookup replace neq : forall 11 12 t st,
11 <> 12 ->

store_lookup 11 (replace 12 t st) = store_lookup 11

st.



/J\ 2UATE T/IEIEX vl

ty /st =ty /st

ref ty / st = ref t; / =t

ref v / st = loc |st| / sty

15


kkogoro_2
附注
要返回地址

kkogoro_2
高亮
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st =ty / st’

st o Ity /st

1 < |st|

st — lookup 1 st / st




ty /st =ty /st
ty =ty /st >ty =ty /stt
to / st >ty / st
Vi - Lo =t —> L T.E! st _
1 < |st]
loc 1 :=v / st = unit / [1:=v]lst

17



kkogoro_2
附注
可以看smallstep一章

kkogoro_2
附注
这unit相当于skip
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value vo

(\XZTz,tl) Vo

ty / st > t; / st’

T tz / st — tl}

value vy

Vi t2 / st — V1 tz’
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t2 / st’

to / st = to

/ st’

/ st = [E=wlt; / st

/ st’
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高亮

kkogoro_2
高亮

kkogoro_2
高亮
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Gamma; st + lookup 1 st : Ty

Gamma; st + loc 1 : Ref Ty
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kkogoro_2
高亮

kkogoro_2
附注
let f = ref(\x:Nat. x) in
    let f' = ref(\x: Nat.  (!f) x) in
        f := (\x:Nat.   (!f') x)

kkogoro_2
附注
However, this rule will not quite do. For one thing, typechecking is rather inefficient, since calculating the type of a location l involves calculating the type of the current contents v of l. If l appears many times in a term t, we will re-calculate the type of v many times in the course of constructing a typing derivation for t. Worse, if v itself contains locations, then we will have to recalculate their types each time they appear. Worse yet, the proposed typing rule for locations may not allow us to derive anything at all if the store contains a cycle. For example, there is no finite typing derivation for the location 0 with respect to this store:
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(ramma F ty - Tl

Gamma F ref Tty Ref Tl

Gamma - t; : Ref Ty

Gamma F !ty @ Ty

Gamma ty : Ref To
(ramma F to TE

Gamma + t; = t, @ Unit
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高亮

kkogoro_2
高亮
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Definition store ty := list ty.
Definition store Tlookup (n:nat) (ST:store ty)
nth n ST <{ Unit }>.

1 < |ST|
Gamma: ST + loc 1 : Ref (lookup 1 ST)
Gamma; ST F ty : T

Gamma; ST F ref ty; : Ref Ty

Gamma; ST - ty : Ref T

Gamma; ST + !ty : Ty

Gamma, ST F ty : Ref T,
Gamma; ST F to @ To

Gamma; ST F ty = t, @ Unit

STEFBNHES, REERANEAMSRIsRETNST, HREMEMR
AR SZ BN AT


kkogoro_2
附注
st :  store: list tm

kkogoro_2
附注
关键是多了这条，可以求loc的类型（尽管不是自动求，只是假设存在）

kkogoro_2
附注
ST实际上就是内存地址对应位置值的类型

kkogoro_2
附注
指向(lookup l ST）类型的变量自然是Ref (lookup l ST)类型的


7= A 3 M AR FF

Definition store well typed (ST:store_ty) (st:store) :=
length ST = length st /\
(forall 1, 1 < length st ->
empty; ST |-- { store lookup 1 st } \in {store Tlookup 1 ST }).

Inductive extends : store_ty -> store_ty -> Prop :=
| extends nil : forall ST',
extends ST' nil
| extends_cons : forall x ST' ST,
extends ST' ST ->
extends (x::ST') (x::ST).

23



kkogoro_2
附注
堆的值st 符合 堆的类型ST

kkogoro_2
高亮

kkogoro_2
附注
ST 是 ST'的前缀

kkogoro_2
附注
st:[!(loc 0)]
ST: [Ref T]
ST' : [T]
其实ST' : [T]就保证了任何类型都行
看书吧
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Theorem preservation : forall ST t t' T st st’,
empty ; ST |-- t \in T ->

store_well typed ST st
t/ st -->t" / st' ->
exists ST',
extends ST' ST /\
empty ; ST' |[-- t°

store well typed ST'

->

\in T /\
st'.

Theorem progress : foral
empty ; ST [-- t \in T
store_well typed ST st
(value t \/ exists t’

1 STt T st,
->
->
st', t / st -->t" / st").

24



kkogoro_2
附注
这个empty是context

kkogoro_2
附注
旧内存type不变，可能有新增的


MM REFEEEXBT4

forall STT t st t'

25

Theorem preservation_wrongl :

empty ; ST |-- t \in T ->
t/ st -->t" / st" ->
empty ; ST |[-- t' \in T.

Theorem preservation wrong2 :

empty ; ST |[-- t \in T ->
t /st -->t" / st" ->
store _well typed ST st ->
empty ; ST |-- t' \in T.

forall STT t st t’

st',

st’,


kkogoro_2
附注
不能保证!(loc l)类型正确
无法扩展

kkogoro_2
附注
不能扩展ST，如果分配内存会在未来卡住

kkogoro_2
高亮


\—
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Lemma weakening empty : forall Gamma ST t T,
empty ; ST |[-- t \in T ->
Gamma ; ST |-- t \in T.

Lemma substitution preserves typing :
forall Gamma ST x U t v T,
(update Gamma x U); ST |-- t \in T ->
empty ; ST |-- v \in U ->
Gamma ; ST |-- [x:=v]t \in T.

26


kkogoro_2
高亮


1iF B Preservation:

it {1 {5 2

Lemma assign pres store typing : forall ST st 1 t,
1 < length st ->
store_well typed ST st ->
empty ; ST |-- t \in {store Tlookup 1 ST} ->
store well typed ST (replace 1 t 5t).

* JIFAR: store_well _typed B ESTRIst E RN T FIXT
(EEEl, StROSTHOI LS ZB KB IF
s KEARTIET A% FE
o ="HIRHE, BITATHRIERA
o £ PIRHE, B E TN AR NI
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kkogoro_2
附注
st的l位置换成t，相当于赋值

kkogoro_2
附注
赋值左右端类型相等


\—

IF BHPreservation:

V\]T“IEHE';IE-:

Lemma store weakening : forall Gamma ST ST' t T,
extends ST' ST ->
Gamma ; ST |-- t \in T ->
Gamma ; ST' |-- t \in T.

WERR: EZEAHES EMIYN

Lemma store well typed app : forall ST st t1 T1,
store_well typed ST st ->
empty ; ST |-- t1 \in T1 ->
store well typed (ST ++ T1l::nil) (st ++ t1::nil).
WERR: R LSEAESTSE B AFITLSE E N F S LI
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kkogoro_2
附注
在后面接新变量


\—

11F BFHPreservation

Theorem preservation : forall ST t t' T st st',
empty ; ST |[-- t \in T ->
store _well typed ST st ->
t/ st -->t" / st' ->
exists ST',
extends ST' ST /\
empty ; ST' |-- t' \in T /\
store well typed ST' st'.

« ASTAtR KBS KR FMIADN, FIRIBEANE
KR ATIE
© XTI St
UERABN AT
s ITFHATEHESHIER, BIFARIZRTRIST ANIE

E5L, ST HST, X Epreservation
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11F BFHPreservation

Theorem preservation : forall ST t t' T st st',
empty ; ST |[-- t \in T ->
store _well typed ST st ->
t/ st -->t" / st' ->
exists ST',
extends ST' ST /\
empty ; ST' |-- t' \in T /\
store well typed ST' st'.

1 < |st
loc 1l :(=v / st = unit / [1l:=v]st

X FST_Assign, EIARIRATEEEEZunit,
/\ST HST, iﬁljﬁﬁglfﬁﬂﬁﬂstore well_typed {573 {R ¥+



\—

11F BFHPreservation

Theorem preservation : forall ST t t' T st st',
empty ; ST |[-- t \in T ->
store _well typed ST st ->
t/ st -->t" / st' ->
exists ST',
extends ST' ST /\
empty ; ST' |-- t' \in T /\
store well typed ST' st'.

1 < |st]
'(loc 1) / st — lookup 1 st / st

X FST _DerefLoc, ST HST, 5 ft3
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\—

11F BFHPreservation

Theorem preservation : forall ST t t' T st st',
empty ; ST |[-- t \in T ->
store _well typed ST st ->
t/ st -->t" / st' ->
exists ST',
extends ST' ST /\
empty ; ST' |-- t' \in T /\

store well typed ST' st'.

ref v / st = loe |st| / st,v

¥FFST _RefValue, £ST HST++Vinil, HEHVEref vV KA
* extendstRIEE X AJ 1§

« KRBT NAXNNEIHESHNAE

« store_well typedtRIES|IER]E
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(\r:Ref (Unit -> Unit).
r:= (\x:Unit.(!r) unit); (!r))
(ref (\x:Unit.unit)) unit
c BEEAX N A NS LD THERE TR
factorial = fix (\f: Nat->Nat, \n : Nat,
if iszero n then 1 else n * (f (n-1)))

34


kkogoro_2
附注
r := (\x:Unit.（(!r) unit)）; (!r))

kkogoro_2
附注
直接看下一页


Kb
BR

(\r:Ref (Nat -> Nat).
r := (\n:Nat. if iszero n then 1 else n * ((!r) (n-1)));

(Ir))
(ref (\n:Nat.0))

35


kkogoro_2
附注
最外层这个abs只会调用一次，然后r的位置就被复写成了我们的阶乘函数

kkogoro_2
附注
考题之一

kkogoro_2
在文本上注释
初值，随便传，只要是Ref(Nat->Nat)就行


el
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