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else ]
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type t a = ...
= bind : forall a b . t a-> (a->t b)) —> t b
« return : forall a . a —-> t a

read : () —> t int
print : string -> t () %\@L ~v %’*\\

bind (read ()) (fun n —> )
if (n > 10) then print "big!™" c: A —T A

else return ())
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type £ a = ...
app : forall a b . £ (a > Db) -> f a —> £ b
pure : forall a . a —> £ a
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let ¢ = CANOT  veE (L.(!,'; reSo\“r
app (app (pure (fun () () => ()) , )
(print "Hello!")) Y0 decide nevt w""?“‘\"d"'m

(print "Goodbye!")
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type a Xy = ...

arr : forall xy . (x =>vy) —> a x vy

(>>>) : forall x 1y . ax 1 —>aily —>axy
first : forall xyv z . axy —> a (x * z) (y * z)

We om kwae of & o5 a "\,«,L\,&o(" .

lmap : forall xy z . (y —>.z) —>. a x y —> a X z
rmap : forall x y z . (z —> Xx) > axy —>a z Yy
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We define an mnd-container to be a container (S, P) with operations

—-—e: S

—e:lls:S.(Ps—8)—S

—qo:1Is:S. IIv:Ps— S.P(sev) = Ps

—q:ls:S. v:Ps— S Hp:P(sev).P(v(v\sp))

where we write gpsvp as v \s p and g1 svp as p /', s, satisfying

—s=seo(\.¢e)
—eo(A.s)=zs
— (sev)e (Ap" w(v\s p")P'" Jvs))=se(Np.vp ewp)
—p=(A_e)\s p
—p/a.se=p
= v Ns (A" w (s p") (P 7w 8)) \sow p) = (Ap".vp" @wp’) \s p
= (A" w @\ p") (" Jv8) Nsov D) /v 8=
let up' < vp'ewp inw(us p) \urip) (P /us)
=P w7/ 0s) (590) =
let up’ < vp ewp' in (p /us) [wuip) v(u\sp)

We define an Imf-container as a container (S, P) with operations

—e:S

e: 558

—qo:1s:S.1Is": S.P(ses') — Ps
—q1:1s:S.1Is":S.P(ses')— Ps'

where we write qpss’p as s' \s pand gy ss"p as p /'« s, satisfying

— ees=3

— s=se¢

— (ses')es" =se(s" @s")
—e\sp=p

—plse=p

s \s (S” \ses’ ])) = (S' 1 S”) \s P

- (S” \ses’ p) [s 8= s" \s’ (p [ stest 5)
- P /\S” (S L4 Sl) = ([) fs’os" 5) fS” s
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We define an arrow-procontainer as a procontainer (S < P* < P~) with operations
e:S

o:S—+5—=5

r:Pte

qo : 1s; : S s, : S. Mp/ : Pts;. (P~ (s1,p) — P*s,) = PH(s;es,)

qi: s : S s, : S p) : Pt Ih: P (s;,p) = Pts,.

P_(sl ® Sp, QO(SI;Srapl-F) h)) - P_(Sl:p?_)

g2 : sy S s, 0 S. Mpf : Prs;. ITh: P~ (s;,pf) = PTs,.

Mp~ : P (s; @50, q0(st, 80,0, ). P~ (80, h(qo(s1, 80,0 hop7)))

where we write qo(s;, s,,p; . h) as p” N6, By @1(s, 80,0, hop™) as (p,p7) /4.6, b and
a2(st, 80,0 hp7) as (p,p7) \sis, by satisfying

se¢ =S58

ces =S8

se(ses’) = (ses)es”

pr\se (A1) =p*

r\es (A_pT)=p*

(" p7) Jse (M) =p~

(r,p7) \es (A_p™) =p~

P Nswresr (A7 0(p7) oo w(p™)) =

p+ Ns,or ¥ '\303’,3" (/\p‘.w ((p+1p_) [s,s' 'U) ((p+;p_) \s,s’ 'U))

(0",07) Ts,sesm (AP 0(p3) \sr,57 w(py)) =

(p+3 (p* Ns,s? 0,07 [ sest s (/\p; w(( 1p2) /5,50 v)( ( 23 ) \s,s’ 'U))) [ss v

(v(h), (p",07) \swesm (P2 0(p3) \orsm w(p3))) 755 w(h)

(P+,(p+ ,\s,s' 'U,p_) /\sos’,s” (APQ w(( ,Pg) s U) ( ) \s,st ¥ )) \,s,s' v

w. h= (p+a (p+ \s,s’ v,p_) fsos’,s” (/\p2_w(( 1p2) fs s’ ’U ( ,Pz) \,s,s’ 'v))) ]‘8,8’ v
('U(h), (p+,p_) \zs,s’os" (/\pE'U(Pz_) '\s’,s" w(p;))) \/s 8" w(h)

(p+ Nsos' U, P7) \sest s (p+ AP v,p7) [ sest s (/\p2— ( 5) /s, v) ( ap2) \s,sf U))
w. h= (p"', (p+ \s,s’ 'U;p_) /\sos’,s” ()\Pz_-w((P"',:Dz_) fs,s ( ,Pz) \,s,s’ 'U))) fs,s’ v
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