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We present an arrow calculus with operations and effect handlers, and give its operational and denotational
semantics. This calculus is an extension of the arrow calculus by Lindley, Wadler, and Yallop. The denota-
tional semantics is given by using a strong monad A in the bicategory Prof of categories and profunctors.
In particular, an effect handler is interpreted as a homomorphism between .A-algebras. The operational
semantics is given by observations on A-algebras and homomorphisms. We prove soundness and adequacy
of the denotational and operational semantics. Furthermore, we propose a new programming technique for

neural networks as an application of the arrow calculus with operations and effect handlers.
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|2~ KORM T3 A P LA [T] — A°([AL [A]) |

[CsAFLeM!B]= ([[r]] D A([AL [AD) % A([A] [B])

(m AL, 1o ([A], [4]) 2

[r] = 12([A], [A]) =

AlM]

A°(ALLAD)
AQALIED )

A(ALIAD

A(IALL TAT*) x A(TAT%, [A] % [A]) x A(IA] x [A], [B]) )

A(IAT AT x [AD) x A(IA] x [A], [B]) = A(IA] [B])

(AL AP % A(A]L [[A]]Q))

[T]
p= g[[l“]] L, a([a], 14D = A(IAP, [4] HAH))

[T'$ A Fop(M)!4] = (m {0y AIAL [D) x A([], [5]) 2

T-Pure:
[TsAF|M]!A] = (
T-CApp:
ZZT
A[M]
T-Let:
[TsAFletz < PinQ ! B]
[r] ‘%ol (d,p, [[Q]]
puxid
ZZT
1 A(Xz.(z,z))
T-Op
ZZT

A( d)

[r] =

A(AL, [[611))

] 229, e ([a], [4]) 2 A([A], M))
(161, [6]) % A(L6], []) =24 A([], w)

K4 7O-EOBERNEKR

WHRELTWS, 22T, N7A—X LTHEES %
BT 2 THRE %82 Zi2EZ5,

A YES ST LTHR [4]° € Set %
[-1: BType — Set DILKRE L TUTD X 5 ITE
b5,

181° = 18]
[Unit]® = {*}
[A x B]® = [A]® x [B]®
[A— B)® = [A])° = [B]®
[A~ B]® = As([A]® x S, [B]*)
RIBHE Tt LT, 2 o [I]° 1
[o]° =1, [I,z:A]° =[r]° x [4]°
TED 5,

TDONRIRX— RN EDHDOEREZHWT, HT -

M : ADIRRR [M]°: [T]° — [A]° ta~> FT3A -
P! A DR [P]°: [I]° — As(JA]° x S, [A]°) %
EDTZW, e € [I]° & ¥ %,

HOBRIZL T O XS ICERT 5.

[Ty: Ak y: A]]S(e,a) =a (ac€ [[A]]S)
[T+ (L, N) : A x B)*(e) = (IL]*(e), [N]°(e))
[T+ fst M : A]%(e) = m ([M]° (e))
[[Fsnd M : A]®(e) = ma([M]°(e))
[+ MN : B]®(e) = [M]*(e)(IN]®(e))
[CFAy:AM: A— B](e) = [M]®(e, —)
[[FI—A'y:A.P:AWB]]S(e):[[ ]] (e)



A<y FOMFIILATO X SICEF#KT 5,
[T5AF [M]1A]®(e)
— arr <[[A]]S x § Ty [a]S A, [[A]]S)
[CsA+LeM! B]%()
= firstg (arr ([[M]]S(e7 7))) > [L]%(e)
[T'5 A+ op(M) ! 6]%(e)

S(e,—
= arr (HA]]S x § Iy [a]s L)

—_— [[’y]]) > op

[CsAFlety < PinQ! B]®(e)

= arr (d) > first ([[P]]S (e)) > [Q]° (e)

ZZTze[A]® x SR LT d(2) = (2,2) TH %,
NYKFYYZT3AF handle Rwith H | D % f#

T 272DINY S H={32:C— P}U{op,k:

§~D3z:ye Qoplop 25 As fREL R 6) ZHEK

$5%, " FYYZT3AF handle RwithH | D

DOEH I
o3y:CHP!D

(k:d~Dsc:vF Qo ! D)
I'sAFR!C FH:C=D
I's A+ handle Rwith H! D
YioTW0Wa, C DIFFHBNTH 2, w2 [C]° =
[C] 222 [D]° = [D]' TH 2, Fop:y—>6€X
Z st
[Qop]®: AZ([8] x S, [D]") = A% ([4] x S, [DPI")
DB B. ZDHOH ([Qopl®)opes EAIE A% (—, [D])
O As RE o ZRISITRENT VD XS ICFHFET
%2, %72, [P]° € As([C]',[D]") TH 2. WZIZ
EHG6 X b, ¥EFRS h: p — a PFELROXRE
IR o g
Set(—, [C]") —— A%(—, [C]")
Kﬂ»ﬁﬁ?\» &
A% (— [D1Y)
Z OH¥ERAGT b % F\WT handle Rwith H Df#fR
%, & ee )7 LT,
[l s A+ handle Rwith H ! D]°(e)
= hyaps (IR]%(e))
LED B,

opeX

5.3 Eelrzin
M v M RN, R ERG & 2R
WEWMRPEENTHZ e 2T RTZEHTH %,
CNBDEHEFRL—Ya Ny FIRFio7
O —FE ORIEN R & RORIEKRIC DWW TEE
T2,
EIE 12 (@#et). R D o,
1. bLokFM:A»D M — M k5ZEED S
oW T [M]° = [M']° TH 3,
2. 3L oo Pl APDP - P ESIFEED
SwzonT [P]° = [P]° TH 3,
EE 13 (Z4UM). b Logo F P! Unit 20
[P] = arr(x) € As(1,[Unit]) % 51E P —* ()]
TH5,

SEER. GREBIREEFE TS Z L TitlHTE %, O

6 WL - A - E=x

6.1 FEIFIAZER Agda IC&BHHIL

FEHEERAX R Agda & AW TS, BIHT AL
fEfRAl e AL L, ETERE (W87 2B
\CREBA L7z, Agda 22— Rl https://github. com/
sndtkrh/arrow-effect-handler T L TW 3,
AT Curry MOAETHBLUav Y FEE
FLTWD2, Agda TORRILTIE, FLnPITw
Church fiD % (DF D BMOMLLVIESR Y F
EEHZHERARVAE) TER LIz, ZDDMEH
HHIDE AN FE T 2 22 Rl CRURTEE R (A
8) WFHEEMNCAATE I LIZiR %,

6.2 Za—3JlRry FI—INDIEHLRE

FRV=2areXT 7z bV RIERoRT
n—#EEFoa—F MRy P T — 21T B
LnWrars Iy rFEERRET S, Y3 F v "
Yn~ = {input, layer,, layer,,... } €T 3%,

HARNBR T AT 7 =2 —I 12y VT =T DED
Hitk7u—IHa € Asy (A, C) DR AT
TETHD, v M7= 03 200k, A #H
WMoz Eh e (HHTRW) Asy &5
IO IIPERTHIETEHT S, TRhbb,



a: A% (A, B) x A%(B,[D]') — A%(A, [D]")

(arr(f),a) — arr(f) >=> a

a: A% (A, B) x A%(B,[D]') — A%(A, [D]"Y)

(b1 >=>> ba,a) — a(br, a(bz,a))

a: A3 (D], [0]) x A%([6], [P]') — Az ([7], [D])

(o, a) = [Qup]' (@)

a: AR % 8, [0] x ) x A3([8] x S, [D]') — A ([7] x S, [DI")

(firsts(op), a) = [Qp] (a)

K5 NYREIICE>THFEEINDS As f#

op, Oop3

[oP4] [oPs ] [oPs ] [oPr]

6 EFFICHBTEIRBOERDH, #RL—>a3>
D5 S ICHLT T B DOBIKRZERD,

BYERANAY R IR E>THAY NT—=TEAY LTS
e THy bU—=ZIINTRNEEERT 5,

B Z A FFIC BT 2 AR EBELHE, NV RS
NOAFRZ B W TR DR EZFHATE 2 Z e 2ffio
T, WM EFHET 2-DDEE %y bV —2 D)
BUCIE S 2 TEET %,

EF RSB T 2 REOBEZED ARG 2 o Dxt
LT (K6)., 7a—itwsd 2RBOER (Tu—
H) BrolkzHzizn (K1), 2oZeid, 7u—
TIEHFIZIF =2 =Tk bV =2 OMEEEOH
TAHEIISECTEHINICEET 2 L VWS HEL L RW
Tl L EEFRNEVWS I EEKRT S, 2O
7, BT 722 e 7227 bV RS R
7 —iBEma—F Iy MUY= 2 H(E
PERBTI7-DDFEL LTHEIDLY,

BE. ARV —Sarvexz 72 by RI%ES
Fera—itBIil, —a—Jtxy VY- RFEET S
72 DATHIGHRIC R 5 2 L3R & MESCRER & In 2 7= 18
BRHMLERER L TV 5,

7 TO-ICHBTBRRBOEROH, #RL—>a3>
DI S ITH LT § TINILF NIV ERD,

BEE AWCOER - RO L THER R
axXy b PEEEX T E S s ERHMZEK. BA
JNEANK, HE—ERK, PBOEE K, B AR
B, T BURTICEES 2 APV YouTube
Hi[4] 2B L TL 2 & o T2fH RS RICEEH§ %,
AIFFELE JST BR2ERM A 2 N—2 a VAIHICHT 72
KR¥7 zu—y TRIEE¥E IJPMIFS2123 OXE%E
ZIbDTH 5,
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