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2 Algebraic Effects in )\ g

AETIE Ny & ZNEHW Algebraic Effects D23 %5, ZH VKRS FUT
$ stack exec lambdaeff-ext ZFEITT DL Ay DT VY T MOFETENS, rlwrap
axy Pl 2 e d L, FFEflIEARERTIERNS D, Ay OXIEZ
BIZHRZ 2, T LXHME (funz — e). let A (letx = eine). BEH L HIEE
B X U Algebraic Effects Bi# 5 5 8 %,

2.1 “{EReIELHN" b SiRfiE<
BEBELZLDNIE > T3, SHEOEHEEREINE LD ARV DD LTIE
SPEEINC D BTED 5, “MERFTRER IS WS 7Fuv—%EBHnDic, %

31X Algebraic Effects # T %,
instBIBUC Ko TH LW 7 = 27 P 2AKT 5,

Aeff= inst ()
Eff 1

Aeff = 13707 b, 2 THIMRTDH 2, Eff 1 LWVSDRETT7 =7 FDNHER
HTH3,
perform eff arg Targ Zffo/=Z 7 27 b eff BFEXHE 3,

Aeff= let Exn = inst() in perform Exn @
Abort

(7 227 NS L) NV RIBRWEEE Abort T 3,

211 SUFLEN
N K Fi%handler 32, N> FALEZ with handle TB IR S,

Aeff= let Exn = inst() in
let h = handler Exn (val v -> v) ((x, k) -> (@0 - 1)) in
with h handle 1 + (perform Exn 0)

Int (-1)




DI RIZBAT RSB, BOBKY TV HFXRN, 2D - 721F 5 h3
LWz,
e <, ZoROFHfiEEHT 2 RD X512k 5,

let Exn = inst () in
let h = handler Exn (val v -=> v) ((x, k) -=> (@ - 1)) in
with h handle 1 + (perform Exn @)
*x = \NVRZZRBMH. BELZTILZEVHAEELITEL %)
(fun v => v) ((fun (x, k) => -1)
(GCHORST
, @ ofuny => 1 +y))
(* — value handler|Z@EA *)
(fun v => v) -1
G
-1

handler Exn (val v => v) ((x, k) => (@ - 1)) EWVWI DRV FTDERICKR D,
ExXn T7 27 FEANYRLTEHDT, Exn BFEELZH 0 -1 RBRLETEVIA
YRI5 TdH%, with h handle 1 + (perform Exn @) (&, 1 + (perform Exn @) &\
SHOFfiZ h TNV LT3, LRidvd, L ZATEHEIAMBIIZTHFENTTN?
FEBZEIRAAR=Y U RLH>TVWRRTTHS, 2727 bPHETELE, O
BIED 0 & x ICIEL. @ FEFED perform RS FB-MGE 1 + ORAYEFIDKIC
K3 %, val v -> v DERIE value handler (HAGETIHENY Ko Y) T
N5HDT, Ny PV KD 72 & DEICERENZEEIINZ SN b, SR
WZLRWTHEL,

2.1.2 8%
TlE. Tl REIREETAS, EIRELTTIZELLIOWNWT WA, ks
2HS,

Aeff= let Exn = inst() in
let h = handler Exn (val v -> v) ((x, k) => k x) in
with h handle 1 + (perform Exn 0)



Int 2

NYRIDEBPEDL-7Z LIFEHLTUILWL, HRBIE -1 BIRL TV, 5
k x i3, 2D, 1+ 000K x KHELZ 0 ZIDAATWS, ZHUIHTS
BUINFEENE D S Dtk 1 + DIIERL TV 5,

ExnE WOHOHFATDLT =7 bEH, dIERHIND LS REIZE2 L TWRWL, NY R
FICEDREOFHMNZ ZICR TN b,

2.1.3 wLhETY
ZZTEILA ISR 2 BEN L TAS,

Aeff= let Twice = inst() in
let h = handler Twice (val v -> v) ((x, k) => k (k x)) in
with h handle
( let v = perform Twice 3 in
2 % V)
Int 12

MBI 5 [ 2 8 U 7oA R 2 ISR IE L T b, TEICHIES &y let v = O in 2
* VIC3IZMDIAATEREZBWEA L, let v = (let v.=3in 2 *v) in 2 * v,
DED 12 DR o TK %, MOMEHEEICHIRD D 2 F5E. RVEELH DALY
BB Yo Aegy FEBIERIR7ZDTT ¥ &4 DN S F T ZE > TEW,

value handler IZH N THA S, DE S & T A try-catch-finally TH %,

Aeff= let Twice = inst() in
let h = handler Twice (val v -> v + 1) ((x, k) -> k (k x)) in
with h handle
( let v = perform Twice 3 in
2 x V)
Int 13
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NV RV L7 O FRZIC value handler OB Z bt s DT, Ll b @
121+ 1LT13&k5%,

CARE ZATEHEMKUIMED A 55, s B TE 2003, BEEE
DEIZTHNRS, F7z. Algebraic Effects 235557V I 7 14 7RHDIAAZEIT X o
TELDI—YDlNE LD ITRoTHLHMIEL, A IELFEIRI NS
W, ARFLHE % LT Algebraic Effects 238 5 W o B X 25 2 0200 o Tein & I
HEEALABHRLTO-TSH B0z,

2.2 A\
REOREIT, Ay DEFRZRLTEL, FERMITSHITNUIIVWDT, 5L oK

DEtx 72 < THRER WV, PIAHEEIZRE S 5 AR 3 EiE L 7z,

2.2.1 18X
X1 IR RS,

x, k€ Variables

eff € Effects

w= x| h|Aveleff
h = handlerwv (valz —e) ((z,k) = ¢€)
e u= vlee|letz=eine

| inst () | with v handlee

| performee

F == ed|0Ov|letz=01ine
| withovhandle O | perform e | perform v
s u= []|Fus

B 1 the syntax of A

AXRZR v BEI P e MEB LU Z T, 2.1 HITEZHRI > TW2 O THHTL



W ZAIERW, FHIChIINY RSDETH 5,

F. s 3EMRTHWS, F I3 Frame DX F 2> TH D, FITRROMEZ LT,
s & stack DEXFTHD, FrdFRAREI—NVRAXY T, F DV R b, BT 2
P F FEHENEF 2R L T\wb, MAEEIZEK L2, Sl E3Mme2RT72 01
e+0|040vZRBIT TS,

L7 =7 FREL R CARTZERIC LM77 57, OCaml @ local exception
DX, let effect Eff in DXL THRDo0d LA,

2.2.2 EMR
RICEMG#HZRL TV, 3. A& v 7% A\pg LOBKE LTS D0l
BEEL flatfn %2 [X1 2 13RS

flatfn [| = Az.x
flatfn (F ::s) = Az.flatfn s (F [z])

[ 2 utility function flatfn

BEWT, A DEMGERZ/NAT v 7 TH 31TRT, dHliL 720 e. KoFHfia >~
TXADL s BEUOZ 7 =27 MRENED SO ERIFHEI > TF A es D=D
M (e; s; es) DIREEERICL o TRENE, M1DFOEZERS ., BEGEHIZT I
o, MEED SENTREHICEH L TWRDOD 00 %, 2F) F OEHNROFHI
lEFZ2R L TW3, ZLTC. ZOFHMNEFZE L TWL DA Pusa & Por #HHHITH
%, THrRow ¥ HanprLe TROFHAZ > T F A M5 with handle XICLHh =7 =
AV ESEEDY T, BB TIE. N RV TR Frame Z R LkBL L 72 5
Ffia Y 7 F R MCRERETVWD, BEEIHET L2727 MCERT 5> FAUE
ZHE D 2T, es % flatfn TBIBUTZEHL ., MHLUCHYT 22 F S OEBUTHET 5,
CIZTHEHT 2 EHEHBAVDIX, NV RIVIE®D Frame % d 5 —EFHia > 7% X MiZ
BAELTWAHERDE, ZOMAELIZED, HERELS> 2T 77 2RIV
FITUHTZZeNTES, ZOXSREELZT 5 FF % “deep handler” & I
Fo BHEHIEHICTALERT %,



(F [e]; s; es) — {e; F :: s; es) (Push)

(v; Fi:sses) = (F[v]; 55 es) (Por)

(v; []; es) = (v; [J; es) (Resur)

(Az.e; (D) = 85 es) = (e[ = v]; s es) (AppLy)

(inst (); s; es) — (eff; s; es) (INSTANCIATE)

(perform effv; F :: s; es) > (perform effv; s; F:es)  (THROW)

(perform effv; F :: s; es) — (ee [ = v,k = flatfnes]; F :: s; [])
where F = with h handle ] (HANDLE)
h = handler eff (val x — e,) ((z, k) — eep)

(v; F ::s; es) = {ey[x = v]; s; es)
where F = with h handle ] (HANDLEV)
h = handler eff (val x — e,) ((x, k) — eep)

(perform effv; [|; es) — abort (ABORT)

B3 the semantics of A\

3 =i

ST, MR- 72D THET 2, B, Nix’) & direnv?) ZEHLTED, 2
o %S & GHC O N— a 0 L 7z haskell-language-server 238 OTY —
A3 — FHHAL T,

IR Listing 10 K 512 L7z,

Listing 1 Syntax.hs

module Syntax where

5) https://nixos.org/
6) https://direnv.net/
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type EffectP = Int

data Term
= Var String
Fun String Term
Eff EffectP
Term :@: Term
Perform Term Term
Let String Term Term

Inst

I

I

I

I

I

I

| WithH Term Term

| Handler Term (String, Term) (String, String, Term)
| Int Int

| Term :+: Term

| Term :-: Term

| Term :*: Term

| Term :/: Term

| Abort

deriving (Show, EQ)

type Stack = [Term -> Term]

21fiTeB B0 Rk 512, 2722 FOWNHKRBIZ Int TH D, Eq DA YA X
VATHYICER 2EZERTEIUIRATD Ko, HiHDLD, F OWMEITE
FET., ARz, K3ITIRLTz AporTt 2 RIAT 212H 720, FfEHDI-D
WIREE T3 72 {fH & LT, Abort ZBML 7z,

flatfn 13 Haskell THRELF % & Stack & Term -> Term 25 2L DT, D%
WZENEBE D2 DR TV, ERIEZOEE, WIHME%L identity T fold 35
(Listing 2)

Listing 2 flatfn (part of Eval.hs)

flatfn :: Stack -> Term -> Term



flatfn

foldr (.) id

=I5

==

Y 2 b OSETEHNE EH LW Frame 72D T, G55 fold T 5.

DERICTHFHRCTHEELCLEROBRDOELTIEIE AL TILEDNDH S D
DO, FZENFFHCHEAWERS DR VD THIET %,
Listing 3 subst (part of Eval.hs)

-- | 'subst t x t'' substitutes 'x' in the term 't' to 't'’

subst Term -> String -> Term -> Term

subst (Var x) x' t

| X == x' = t

| otherwise = Var x
substs Term -> [(String, Term)] -> Term
substs = foldl (\t' (x, u) -> subst t' x u)
fid & :XA3 syntactic I TWiRW=o, HIFIBEEZHE T 2 (Listing 4),
Listing 4 valuable (part of Eval.hs)
-- | is the term a value?
valuable :: Term -> Bool
valuable = \case
Var -> True
Handler {} -> True
Fun {3} -> True
Eff _ => True
Int

-> True
Abort -> True

-> False

ST, WERWEFHIigR D FEBEITH D #7422 (Listing 5).

Listing 5 evall (part of Eval.hs)




type Model = (Term, Stack, Stack)

-- small-step evaluation
evall :: MonadState EffectP m => Model -> m Model
-- inst
evall (Inst, s, es) = do
i <- get
let idx' =1 + 1
put idx'
pure (Eff idx', s, es)

evall OENZEHL T, =2#% Model ¥ LTERL =0 /NAT v TEKIH T =240
BELTWL TR S Model -> Model TEWDED, =727 bOERTZEREN
BREZ25DEED T VOTHHEE A > 27 V) XY P L THETEYRIEEL 2, 3
T =V AREEHMLULRDBRVBDE $FHERL INTIVDT,
HEWFTVTWEREZDEFHFZEHIL W,

Listing 6 evall cont’d (part of Eval.hs)

-~ pop
evall (v, f : s, es) | valuable v = pure (f v, s, es)
-- result
evall m@(v, [J], _) | valuable v = pure m
-- apply
evall (Fun x body :@: v, s, es) | valuable v = pure (subst body x v, s, es)
-- push
evall (f :@: e, s, es)
| valuable f = pure (e, (f :@:) : s, es)

| otherwise = pure (f, (:@: e) : s, es)

7272, AprLy 3B 2o 8 7T HREDD B, Frame ZTerm -> Term& W5 BETER
HLTED, RX=VvF VI TREY 7 by THOOLWMO T I ENTERY, L
7eio T, Arrry BANCER T 2EFIOEZEZ. N2 T 5, (A\v.e)v D3 Az.e
L ik (Pusu HRED., BEVPRA X Y ZITHEENS Z 8T ArrLy ICERTE %,

10



DT, RETEFINERDITB L TERTS 2R LFHAT27),
KUK Z2DEFT T =7 PRERTH S (Listing 7)o

Listing 7 evall cont’d. (part of Eval.hs)

evall (pf@(Perform eff e), s, es)
| valuable eff && valuable e = pure $ handleOrThrow eff e s es
| valuable eff = pure (e, Perform eff : s, es)
| otherwise = pure (eff, flip Perform e : s, es)
where
-- take top of the stack as 'f’
handleOrThrow eff v s@(f : s') es =
case f hole of
-- with (handler eff’ _ ((x, k) —> e)) [
WithH (Handler eff’ _ (x, k, e)) hole’
| eff' == eff && hole == hole' -> do
let k' = kfun es
e' = substs e [(x, v), (k, k")]
-- '"f' remains in 's’': it means the handler is *deep*
(e', s, [D
| otherwise -> throw
_ => throw
where
throw = (pf, s', f : es)
handleOrThrow _ _ [] es = (Abort, s, es)

perform effv ¥ WO IHIZN L, Turow & Hanpre, © L C Aport D 3D TR X v 7
by 7O ERICT 20EDH 5, handleOrThrow TIEZ D 3 FEHZHI 72D, £
ARy 7 Ny TEERDH L, Term -> Term &\ 5 Haskell EDOBIEIZ hole W55
iz ey D) ZE 2L, Term L THEZHE S (Listing 8),

Listing 8 hole (part of Eval.hs)

-- the hole in evaluation context

7) BADIIWVIA YV RT) XRORRCFEDLD 5 12505F %, 77 oTHZTLIEEIW
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hole = var "[]”

WD

OB KO RITNIERATSD XV, handleOrThrow DEEIZR % £, hole % 1
(Listing 9),

kfun

Stack -> Term
kfun es = do

let var = "O

| =AY
HX

B 72AERDY with h handle O 22D h HELZZ 7 =27 MITHIBT 2NV F70D
Fun var $ flatfn es (Var var)
®IZ, evall

¢ =, Hanoe WWEZ B 725, Mz flatfn TER < kfun EWH BB TE- T
Listing 9 kfun (part of Eval.hs)

TliZ Haskell FOBTIZRL Ny LOBEDRERIDTH S

eval

eval t s es = go (t, s, es)
where

3127y FOER (=) BDOT, HXo5M7XAHEITK S £ T
fiis 2702 (—*) eval ¥ run ZEFK T % (Listing 10),

Listing 10 eval (part of Eval.hs)
Term -> Stack -> Stack -> EffectP -> Term
go mod idx =

run

case flip runState idx $ evall mod of
(Cv, [1, ), ) | valuable v -> v
(mod', idx') -> go mod' idx
Term -> Term

run t =eval t []1[] @

kS o703, Algebraic Effects ZHiD
LEEREIIRV, FE

=35
TR ADTE DD, FHOL T2, MOUGEHE T2
HER

=N =]

EoF— &35
E—RDOZ DO THKERZ 5 Lk,

=Zh

= aH

=:zZh

=8

DA >V E TV R Frame % 18 Tk

T 3
OF— 2 BODORAE. FE
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NP IRFET 2 KPR VDO THHIZENT 5, Applicative & 8—Ha > h—
ZeHEHLTVLDTRFNR, N—Farex—XLD b A—FI =221 —XDIZ
5 PRSP E VIR L 4 EFNICE WA= 2 B TE o7 UM,

4 REIRE

TITE Ay DTHFA ¥ F a4 AP LA, Algebraic Effects —fiR D&l % [N1F T
AR

4.1 HFEEKIIED

21 HiTHRAZES W, =727 2R AKEBEREZRZT, "V FIIZEoTES
W IR D0 RE S, ZHEOF D, BEHZINE»S. =7 =27 P TIdRL
NP EoT, BESTH I TE S, ZOMRIL, FEROTBIC I > T, 7R
2T 4 D) EREFEDOTEAIR Y, FRRFEN AR 125, £ ki) A
A[REZR DT, N Ea Yy ba— iR e 2 —FL XLV TERT S I ENTE D,

OCaml 5.0 ZHH L 7z Algebraic Effects O example 8% 5.2 & & 54 LFEHSDIH
2008 LALIRW,

) https://github.com/ocaml-multicore/effects-examples
MATEHRL. JERBIABE, <A 7 BINERL 2 2 —F LNV TEET 2H0RSh
TWa,

4.2 Type-and-Effect System

CZETROGED R o T BHFEEDRDOFEICTH VDS, £ I AT Algebraic
Effects 121&, Monad & [FIffIC, EEAZ (B) ZRIZFVTZVWEWVS EFR— 3
NG YR

21 HiD Exn =7 =7 b ZFNTHL S, 1 + (perform Exn @) ¥ WS AN H - 72
EECHF It DEICBRoTIELY, A THRMADEFDELSITNAY FFT
MDD EIND LORGEI?T2D X530V TTHR, T 727 b
MEET B3 TD 5, BOT, intlexn D XS5~ —27 %1%, U d
1 + (perform Exn @) * (perform Twice 3) {X& 5§52 ? int!{Exn,Twic} DX ST
LELLTERLTAS, ZOLHIIBIMATZ7 =7 MERZANET 2KFK %
“Type-and-Effect system” &M, F72ZDL T =7 FDIPWNMZDWTIIW L D2
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BOH D, YRZEIWCHHEWVWEEDD S [1] [4] [51.
43 II7xV FDERCESE

Aeg ZLT7 27 F2fEE LTHROD, ZOFKIZEFDSFEIC Algebraic Effects %
ATy & ZIZHUD A LATR W, Kiselyov 51& multi-prompt shift/reset % Fu 7z 4
BIAAT, prompt ZWNHIRILE LT, =7 =2 bZ2fEE L TH->7% [3], Kawahara
5% Lua NDEDIAAIZIZ table %, Ruby NDHDHIAAIZIE Object % NHEREIA
El7, Homwd 0z FEICAERTE, FMMELHHTEIEZRATD X0,
Algebraic Effects %A 7 4 71FOFER. MEHWHDAAZ T 25513, B
SR B FMMEE VS 2T BN OADRREI NG ZLITR D,

4.4 Shallow and Deep

222 TN X 5120 NV R FICIE deep 7ZDMIIZDHH %, Listing 7D I X >
e k<R3 L,

[

-- 'f' remains in 's': it means the handler is *deep*

EHB, AKXy 71T with handle 255 Z & T, T7 =2 bBAY FAENHED
MoPTRES 227227 b (DVWTINTETL?), ACAYRFICEoT
MR TLIENTEL, COREBVTZLIRFEZLUT, Zo5Voknr FI%
Deep handler ¥ M-3R, £ 5 THWE DIE “shallow handler” ¥ M 5, DL
HTZ2H > TW3B7% 6, shift/reset ¥ shifty/resety DEER L E 2 UL K\,

—ME TEBROUMIIZ B NY F 7DV TL 5725 deephandler DI 5 HIBIFL 2 A
RSB LR, LAL, BIZIEHFEIICNY FI2ERT D LIT& - T,
deep handler (& shallow handler T I 2L —3 3 ¥ TZ %, Hillerstrom 5 [2] iZ
T deep handler TIZEIIT =72\ Unix pipe DL I 2l — 3 ¥, shallow 12X 5%
deep DI, T ZOHZRL TV,

RIS, BREBIKTERME D, EH D71 7T Algebraic Effects ICB S 2558 %
ZAMD EIFTWd, ZHEHIEHAEROTHY 27 VICHDZ -5, Ehokd
HZ@ELTATIELW,
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@https ://nymphium.github.1io
5 &HDHIC

AFLHE TIX. Haskell Z T Algebraic Effects ZFiOFiEZ2E K L THAS Z & T,
E50W) SEMEER D' Bz, BEAETHVAITIBDLRLBRNT AT I 7R Tar
TZIVIZEIERDIZVADLDTORRETIZ R, WA E S ALRZ 2
EAZSBRBELVKRETH D W I Do THHRALLFENTH S, OCaml 5.0 I
& Algebraic Effects 2VEAZNS ©), ZDMEkAL LEFEICH DAL HEIRE X
A1, Algebraic Effects 232 2 #ifIEH R 7-DF DT LG, £3d 5 Foh
FTRTWVWE, 5—FE., Algebraic Effects 35 WHIEEZRHE 2D 0h o7t Z
AT, H7%7= Algebraic Effects TlEA TAEE AN,

References

[1]Andrej Bauer and Matija Pretnar. “Programming with Algebraic Effects and Han-
dlers”. In: Journal of Logical and Algebraic Methods in Programming 84 (Mar. 2012), por:
10.1016/j.jlamp.2014.02.001.

[2]Daniel Hillerstrom and Sam Lindley. “Shallow Effect Handlers”. In: Asian Symposium
on Programming Languages and Systems. Springer. 2018, 415-435.

[3]Oleg Kiselyov and KC Sivaramakrishnan. “Eff Directly in OCaml”. In: Electronic Pro-
ceedings in Theoretical Computer Science 285 (Dec. 2018), 23-58. por: 10. 4204 /EPTCS.
285.2.

[4]Daan Leijen. “Type Directed Compilation of Row-Typed Algebraic Effects”. In: Pro-
ceedings of the 44th ACM SIGPLAN Symposium on Principles of Programming Languages.
POPL ’17. Paris, France: Association for Computing Machinery, 2017, pp. 486—499.
1sBN: 9781450346603. por: 10 . 1145/3009837 . 3009872. URL: https://doi.org/10.
1145/3009837.3009872.

8) 20224F 4 HIZV V) —AFEL o A KIBICEHE N, ROV Y —RAFEHTHS9H4H (RidFEx
FRANLZH 1) b milestone DIEMRD 77%72 o 72, k- TIEL W

15


https://nymphium.github.io
https://doi.org/10.1016/j.jlamp.2014.02.001
https://doi.org/10.4204/EPTCS.285.2
https://doi.org/10.4204/EPTCS.285.2
https://doi.org/10.1145/3009837.3009872
https://doi.org/10.1145/3009837.3009872
https://doi.org/10.1145/3009837.3009872

[5]Taro Sekiyama, Takeshi Tsukada, and Atsushi Igarashi. “Signature Restriction for
Polymorphic Algebraic Effects”. In: Proc. ACM Program. Lang. 4ICFP (Aug. 2020).
por: 10.1145/3408999. urL: https://doi.org/10.1145/3408999.

16


https://doi.org/10.1145/3408999
https://doi.org/10.1145/3408999

	作ってかんたん Algebraic Effects
	1 はじめに
	2 Algebraic Effects in eff
	2.1 ``復帰可能な例外''から紐解く
	2.1.1 シンプル例外
	2.1.2 復帰
	2.1.3 いじり回す

	2.2 eff
	2.2.1 構文
	2.2.2 意味論


	3 実装
	4 関連項目
	4.1 持ち味は何か
	4.2 Type-and-Effect System
	4.3 エフェクトの生成と定義
	4.4 Shallow and Deep

	5 おわりに


