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KBHSE F EH R AT B IR nI S MRS T > $HiF Imperative Programming  F2=(HE¥f
J&HY Functional Programming HYFZHENGEEHH o

SERATT
— ~ if statement SEEHYFE ifte eUEATIRRHVRESES - Horh el B ifte EFRALATLA

Z~ HLEE for-loop statement ZE(EYH foldl puEFTRERATRZZHE
=~ J:£E for-loop statement FE{EJH map X FRAEHIRE R HE

Abstract

This research aims to find equivalence between some Imperative Programming code and
Functional Programming code without losing readability.

Results are as follows:
1. “if statement” is equivalent to code constructed by the function “ifte”, where “ifte” is
defined in the content.

2. Some “for-loop statement” is equivalent to code constructed by the function “foldl”

3. Some “for-loop statement” is equivalent to code constructed by the function “map”
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TEHEEAGES AR T - FFFEE] T 4RiZ#HI=(Programming paradigm)ig—f#E& - 1£
BEE AR =AY AT R] PACE A EIVAR A L E RS - MR E RS A E R EYEE - A
R AR IS B TITHE < » SRS RYE U2 ={5ET (Imperative
Programming » "N 1P) o AR ARFEEERE = R R — {8 H—HE/ N ek B & T A R e
8o S EAE T R e B R a%ET (Functional Programming » [N f&jf# FP)

{878 FP qUiEtET » IWEEEEA N 1P a2 H EE FP AVRE=CHE - (21
for-loop ¥{[E % fold » AlIZFEEA AFGHHEE W EAE IS EAESER - Attt alEEE
G ZE T o
() ~ Functional Programming fi/}-

Functional Programming (N f&if% FP) &2 G HYERS - tHEY Imperative
Programming (N IP) o IP RIREREM—1T—ATIVFES - T FP ARIEREMH—HE
PREEH SRR RNEL - BERAVAZREERS FP & 42 loop - HUMAZAYZIEME phE -
¥R https:/wiki.haskell.org/Functional programming * fE[H:F il -

(=) ~ FFoEHA

Ry 738 - AHFEEE ATV T =& [= Functional Programming F1HYEEH 5= - A
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https://wiki.haskell.org/Functional_programming

8 o tEHE Sy Currying o
HEEAY f:A > B f 2uE o A BSEE
A1 > B 2 [EMEEAVER
E4 e f:A- (B-C() —#% By Currying
il iR f+A->B->C

(1) - HEAE
ARSI T—#1F Functional Programming F* RIS » {EAL3RH -
1. fold
fold (%} List UARLAYEAEL > fold A RIREALA - foldr Jf foldl » L\ FRIIEMELR
RHEERE T [1,2,3,4, 5] (8 List 7E408 foldr f7 B foldl £z @I > Hrh
£ R (A S I S -
FI foldr (+) 0 [1,2,3]1=6 » Forft (+) RFENLET

=Feflz5 A, https://wiki.haskell.org/Fold » £F JHAZEHl -

' ~
foldr fz
~ J h/f\“f
L 1, N
2 PN /_f\
3 3 1
4 i 4 f\
5 [ 5 z

. r

(Right fold transformation > H{H HaskellWiki)

r Y

foldl f z
oldl fz 7

, ‘.'-/f \
& A
1 f. 5
# Y

(Left fold transformation » HY{ |5 HaskellWiki)

2. map

map J&—{E¥f List [HUEHEAYRE - R ¢
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map: (A - B) - ListA — ListB
map fxs AFREHEHE xs FHYE apply £
B4 map (+4) [1,2,3]=[5,6,7] » Hf (+4) f{F& f(x)=x+4 0y f

(F) ~ Agda 148
Agda 2 —{E{FEIHA (dependently typed) FYKEIEZGES » JROJ A Curry—
Howard correspondence {E fyzgtHifBzs(H ] - AMHITRIFEE SR8 -

SFel ] 225 -« https://wiki.portal.chalmers.se/agda/pmwiki.php

BiE(E © https://plfa.github.io/ [HE{ZRHTE PLFA

HHFEFAE — R 245 > HE R ET Type HHAENEHSE > B4 Vec Nat 3 =R
BfER 3 GETESR Nat (HE -

Curry—Howard correspondence &5 2 &M HE 4 1AV S FERA % - "TH—HJsE "5
Jeemd o FERIEEHA | fl -

(EIEIESAEIIYCIE =P g

where

EREABAW#E constructor » —{E zero » —{[EZ suc > &REFEIL—(H B 2B [H]
EH—(E E 2R - thEt 227 zero ~ suc zero ~ suc (suc zero) {KILIEHEENE H RS -
MR UERRIGR < ¢
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(HlH PLFA)

i2fi Data Type HWifE constructor > z<n R s<s ~ FIEEMEBET n > #AESER
th zero <n i5{# type HYRKE ° MRERFEZ m<n E(E type HIYEE > [F[{# suem <sucn
Bl type HYERE - Hrt suex FoR x HIRER -

MM e - FlTr DS ETE n> n<n > GEHHATT

<-refl A[HEREEEREAR n 8] n<n E(# type (i) HIKRE (FBIF) AV #%
ISR E R > AES By zero HIRFEGE(E z<n > FESE S suc n AYRFEEEIE s<s
(S-refln) > FAEHEE 288 n VA EIER <refln > QIILEIEIH T "TSIATEEZAE non<

nye MRS T Vi N} - n<n | BREEE type > R o MR EHTLE MBS -



AWFEHH > Agda A K 2.6.0.1
Agda & standard-library > AT {HEHE T2 > AR 1.2

BHJ> standard-library F]£:[d : https://github.com/agda/agda-stdlib

import Relation.Binary.PropositionalEquality as Eq
open Eq using ( 5 5 ; ;

open Eq.=-Reasoning using (

open import Data.Nat using (IN;

open import Data.Bool using (

open import Data.String using (

import Data.Vec as V
open V using ( ; ; )

open import Relation.Nullary using (yes; no)
open import Data.Empty

import Data.Vec.Properties as VP

import Data.List as L

open L using ( 5 5 ;

import Data.List.Properties as LP

open import Data.Fin using ( ;

open import Function

open import Data.Empty using (L;

SN Agda HYEEE © BERYRIENBE M 4EPTA AT RIS

B Agda PEZNEHIGI > H T RREEE > BT REZRELERFEIEI Y
[E{EE - BIANEEE] zero+n > Hft n ZEEEAE SLERHZBHE n- E8%] (suem)+
n > FEEE suc (m+n)

Agda ™ NEERELREIITE > FIA1 (A x — x+3 ) AR EEE x [EE x+3 7Y
Agda THYERITHMRSE " ZITRPREHS 2 et -
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Agda JVA ¥ FRNTRRFO S - DUT A4 -

data = {A : Set} (x : A) : A » Set where
refl : x = X
(HUH PLFA)
BN T ER S B refl ATDREEE x = x B8 wype KA (B

St

) o

cong : V {AB : Set} (f: A-B) {xy : A}

> X =y

- fx=sfy
cong f refl = refl
(HUE PLFA)

BT B R o SRR f MRS BEER x =y B fx = fy-



begin =( ) m - A[LIEEEIRGEUE —REEE LRSI —1E > TR (equational

reasoning) °

AL S B -

+-assoc : V(mnp:H)>(m+n)+p=m+ (n+p)

+-assoc zero n p
begin
(zero + n) +

o

n+p
=()
zero + (n + p)
|
+-assoc (suc m) np =

begin
(sucm+n) +p

()

suc (m+n) +p

()

suc ((m + n) + p)

( cong suc (+-assoc m n p) )

suc (m + (n + p))

()

suc m + (n + p)

| |
(HLH PLFA)
FESRANRVERPER T B MHFENIRA - JRPEREE Agda AJDLH CHEHIER s HMEDTIA
% Q.E.D. -

= (SIS B ERAN AR 2k - 43 A% zero AT suem (b 2BER T E A n=
k+1) WTEFIE EaTam > {EH ] cong suc (+-assoc m n p) WY& HE] T REE (F£ n=
k KFRIT) ©
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(—) ~ BE
Imperative Programming AYFEZZEH—17—1THY statement FTREREY > &5{E statement
REZEHRAEAIRIE - 0 - BT - SESER DU R 1P A2
1. BEEGRE (S A] AL B2 —(# pure function - BI5GB I B2 =(HE
SMNEVIR L E) (e.g SEBEHTA - HBEE) -~ BHIEHDE R

2. Statement {%75 variable assignment - if statement ~ for-loop =f&

BT LIEEFHE statement RGO IERREEHIRREHY R E » (R 1E FH (apply) EIHRRE
o M {ERE At E —(# statement
HIHOIRRE st NISEH T a - A RIIHRIEE
get ast Foxsth a HENHE
set a v st ForkF st 1 a FTESEAVEIEL v IREFTHVIREE
B HTESR expression » DL e FoR - HEEAHLI MG -
e=vlalflee..e
Hrp v AL value > HIHESE boolean ~ BT BUE NS - a EEEAME - {ZRE > MK
(M E AR E i A BEAE meta language FIHIEF ©
HSRE % E: Expression x State — Value %41 :
E(v,st)=v
E(a,st) = getast
E(f(eq, ey ...ey),st) = f E(eq, st) E(e,, st) ... E(ey, St)
] Statement HYEFAIT :



= a <e

S

S = if ethenselses
S = foriinlsdos
S

= fori<nlsdos

HEEE AR T

[a « e] st = set a E(e, st) st

[if true then s, else s,] = [s1]
[if false then s, else s,]| = [s,]

[if c then s, else s,] st = [lif E(c, st) then s; else s,] st

[foriinxs do s] st

= (foldr (Ax.f.(f o s[i = x])) id E(xs, st)) st

Hrf id & identity function » Bl id(x) = x - ] s[i == x] WEEEE s FHELN i &

HA AR

[fori<ndo s] st

= (foldr (Ax.f.(f o s[i = x])) id [0..(n — 1)]) st
Her [0..(n-1)] 0 F| n-1 FYFTA EHZRE -
Z)  REIELE
B TESH » AHIEAEE Agda BEET Ll
KREFFEES T LT 4@t
1. Val ({H)

10



where

9

Val 2 TERORPER] > ATUETTAE
(1) natx -+ EHrf x REAY

(2) bool x + Eorft x AT

(@) strx » Hif x B

@) arrnx o Hi x REETEEAE Val FAHERITERE n OEE
B (nat3) FEE—(E Val

TS VIR RTRE - 3Rl T i AU P HIRREL -

m x) with ( (
.n x) |
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HCof getList Al getVec ZAE—{EEY List - —(BE{Y Ve » %EM type HHEERER
-

ARSI » 3% T CRASH LUSFIfZEEISE A ST - o
CRASH HYFEHANT » RFEE M T A R BT E -
.V {A :

postulate } > A

140 testCRASH 5o/ CRASH

2. State (IKHEE)

HIF LRFHEIREER n EEE - MEBRHAILE TR - REEERETHI

State n E—fEERHHA - n B2E > HENREETTRESE Val FTEEEY n gEHE -

A FH DA ERYRFSRACEUS 2 B B ER(E - SR A iy get ch® > G40 st = a B
EVGIREE st tPHUS a BIEANE -

3. Expr (expression)

Fo T AEEFIRLIERSNRE SR E KE » S ERHFF expression SGtRAER

12



FEF(EAT L E -
Exprn 2—fHERYEA - AHE UL State n {FELy28 > [Ol{# Val HYpREL
"7 expression apply F| state |- - EUSEFEMNE  ESEENER A " HUE

4. Stmt (statement)

Stmtn E—fEERHHA - AHERE Staten F State n HYLKEL -

AR N BB R > ARFRILETT sl HhfT s2 -

AWFE P EEFHY Stmt S DU 26 7E

(1) Variable Assignment

a EEHNIE > e & expression ° st EAREE o ANEESFIREMENEEIFH a < e °

HEM st [ a ]1:= (e st) BEEEE st F a (rEVERBREK ¢ BUERMGEE » tFt
ARG set a E(e, st) st -

iSfE statement 5 —{FE S

HRRTIE Ry AT o UL statement B b [H 7= BIAE A ECREREUL—(E Val » MIRFRZEEUE
#y Exprn

(2) if then else
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} o - n -
) stmtl stmt2 = stmtl
) stmtl stmt2 = stmt2

: ¥V {n : N} > n > n - n

¢ e stmt1l stmt2) st = ( (e st) stmtl stmt2) st

IF e THEN stmt]l ELSE stmt2 &% e BUE @ W{KHE true BE false H|EFE [0
stmtl 2E stmt2 o NEESEIH S E FMERI R if statement ©
(3) for loop
: ¥V {n : N} > ( n) > (

{n} xs i-to-stmt st =
(A1 f > f o (i-to-stmt 1) ) (xs st)) st

syntax xs (A 1> stmt) =

TR ENE B sli == x] ok ERERag—( T BAfT i R0 statement | HYRHEY i-to-
stmt © [fIJE& T

syntax for-in-do-syntax xs (A i — stmt) = FOR[ i € xs ]DO stmt
HATRFEALIEN for-in-do-syntax xs (A i — stmt) TLLERLGIERN] FOR[ i €
xs ]DO stmt

B ACE R — My foreach loop —H% o AEERFFRERFFAIFHY for statement FE7E—F

BILILLTHY testl = (nat 6) :: []

14



))) where open V

where open V

where

FAMEAEEG (—fHY for-loop )

: ¥V {n : N} > (m : N) > ( m
{n} m i-to-stmt =
(A 1 acc » acc o (i-to-stmt 1) )

m (A 1> stmt) =

15
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1. ifelse E ifte

TEFERNEY ifte

Theorem 1
[if cthena « x else a < y] = [a « ifte(c,x,y)]
WRLER LT /W # e FEY

IF e
THEN a < el
ELSE a < e2

(a < A st — (ifte (getBool (b st)) el e2) st )

A'7*([5”%

thml : {n : N}

(e2 : Expr n)
(st@ : State n)
(IF b THEN (a < el) ELSE (a < e2)) sto
= (a < A st — (ifte (getBool (b st)) el e2) st ) sto
thml a b el e2 sto =
begin
(IF b THEN (a < el) ELSE (a < e2)) sto
=(
if-then-else (b st@) (a < el) (a < e2) sto
=(h (b ste) ) --[Af h (b ste) FrLlEMZF N > h EFRAE N
(a <= A st — (ifte (getBool (b st)) el e2) st ) sto

v
— (el : Expr n)

16



2.

where

h :Vv (b~ : Vval)

— (if-then-else b~ (a < el) (a < e2)) sto

= (a < ifte (getBool b~ ) el e2 ) sto

- HFrE b’ RmEEEEOL
h (bool false) = refl
h (bool true) = refl
h _ = CRASH
-- $H¥ b’ BIRIEF P Ea R - ~NEE (bool true) B (bool false)
Agda FEEEHENERIESE - FTLAHEEE refl HLEF
-- IR b’ AR BHUEE - s RER S T 0 FrUE E CRASH

for-loop Eil foldl
Theorem 2

[foriinxsdoa < fn(a,i)] = [a « (foldl fna xs)]
RLER L N E R FEY

FOR[ i € exprXs ]DO
a < Ast — (fn (st » a) i)

a <= A st - (foldl fn (st » a) (getList (exprXs st)))

%% foldr-universal B u[EEHH » 3£ R MT8E [Plang.agda HY thm2 (p. 25)

foldr-universal : ¥V (h : List A—=B) fe— (h ][] = e) —
(V xxs = h (x ::xs) = fx (hxs)) —

h = foldr f e
foldr-universal h T e base step [] = base
foldr-universal h f e base step (x :: xs) = begin
h (x 2 xs) ={ step X xs )
f x (h xs) =( cong (f x) (foldr-universal h f e base step xs) )

fx (foldr T exs) m

17



3. for-loop Ef map
Theorem 3
[fori <mdo dest « fn(xs[i])] = [dest « (map fn xs)]
tRtERR L N TR TS FERY

FOR[ i < m ]DO
dest [ i J¢ A st » (fn (xs [ i 1))

dest <~ A st — arr m (V.map fn xs)

s e ST 8% IPLang.agda Y thm3 (p. 29)

18



=~ SamEARREE

(—) ~ &
1. ifthenelse AJLUEME ifte pHEEREE
[if cthena « xelse a « y] = [a « ifte(c,x,y)]
2. FEE for-loop Ei foldl ZE{H
[foriinxsdoa < fn(a,i)] = [a « (foldl fna xs)]
3. HLE for-loop R map TFH{H

[fori <mdo dest « fn(xs[i])] = [dest « (map fn xs)]
()~ R

1. S RERR B B 25E7% > (4 while-loop
2. SRRV IE RN - i B B RE R

19
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IPLang.agda

module IPFP_Agda.IPLang where

import Relation.Binary.PropositionalEquality as Eq
open Eq using (_=_; refl; sym; trans; cong; cong-app)
open Eq.=-Reasoning using (begin_; =(_; =) _I)
open import Data.Nat using (N; zero; suc; _+ )

open import Data.Bool using (Bool; true; false)

open import Data.String using (String)

import Data.Vec as V

open V using (Vec; updateAt; [_]=))

open import Relation.Nullary using (Dec; yes; no)
open import Data.Empty

import Data.Vec.Properties as VP

import Data.List as L

open L using (List; foldr; foldl; _[_]:=_)

import Data.List.Properties as LP

open import Data.Fin using (zero; suc; Fin)

open import Function

open import Data.Empty using (L; 1 -elim)

import IPFP_Agda.UpdateAtMap

import IPFP_Agda.FoldrPerm

Id : Set
Id = N

postulate impossible :
postulate
extensionality : V {A B : Set} {f g : A— B}

— (V (x : A) - f x = g x)

postulate CRASH : V {A : Set} — A

21



data Val : Set where
nat : N — val
bool : Bool — Val
str : String — Val
arr : (n : N) - Vec Val n — Val

getNat : val — N
getNat (nat x) = x
getNat _ = CRASH

getBool : Val — Bool
getBool (bool x) = x
getBool _ = CRASH

getStr : Val — String
getStr (str x) = x
getStr _ = CRASH

getlList : Val — List Val
getList (arr n x) = V.tolList x
getlList _ = CRASH

getVec : (n : N) — val — Vec Val n

getVec n (arr m x) with ( (Data.Nat. £ ) n m)
getVec n (arr .n x) | yes refl = x

e | no p = CRASH

getVec _ _ = CRASH

getVec-cancel : V{n : N} - (xs : Vec Val n) — (getVec n (arr n xs)) =
XS
getVec-cancel {n }xs with n Data.Nat.£ n

| yes refl = refl

| no p = L-elim (p refl)

getVec-cancel = : v{n : N} — (x : Val) — (arr n (getVec n x)) = x
getVec-cancel =~ {n} (arr m x) with n Data.Nat.Z m
getVec-cancel = {.m} (arr m x) | yes refl = refl

| no p = CRASH

22



getVec-cancel ~ _ = CRASH

State : N — Set
State n = Vec Val n

Stmt : N — Set
Stmt n (State n — State n)

Expr : N — Set
State n — Val

Expr n

infix @ _1_

b : v {n : N} - Stmt n - Stmt n — Stmt n
s11s2=s2"° s1

infix 1 <

< : VY {n : N} - Fin n — Expr n — Stmt n
(a <~ e) st =st [ a]= (e st)

assign-syntax = <

--syntax assign-syntax a (A st — v) = a <[ st ]- v

infix 1

«— : VY {n : N} - Fin n — Val — Stmt n
(ae—v)st=st[al]=vV

infix 5 >

> :V {n : N} - State n - Fin n — Val

st »a = V.lookup st a

[.] :V{n :N} - (xs : Vec Val n) — (Fin n) — Val
xs [ i ] = V.lookup xs i

[ ]J=_ : Vv {nm:N}

23



— (xs-name : Fin n)
— (Fin m)

— EXpr n

— (st : State n)

— State n

((_[_]<—) {m = m} xs-name i e) st = (xs-name «— arr m ((getVec m (st »
xs-name)) [ i ]= (e st)) ) st

if-then-else : V {n : N} —- VvVal — Stmt n — Stmt n — Stmt n
if-then-else (bool true) stmtl stmt2 = stmtl

if-then-else (bool false) stmtl stmt2 = stmt2

if-then-else _ _ _ = CRASH

IF_THEN ELSE : V {n : N} — Expr n — Stmt n — Stmt n — Stmt n
(IF e THEN stmtl ELSE stmt2) st = (if-then-else (e st) stmtl stmt2) st

ifte : V{A : Set} - Bool - A - A — A

ifte true t f =t
ifte false t f = f

for-in-do : V {n : N} — (Expr n) — (Val — Stmt n) — Stmt n
for-in-do {n} xs i-to-stmt st =

foldr (A1 f - f° (i-to-stmt i) ) id (getList (xs st)) st
for-in-do-syntax = for-in-do
syntax for-in-do-syntax xs (A i — stmt) = FOR[ i € xs ]DO stmt
for-do : V{n : N} - (m : N) - (Fin m — Stmt n) — Stmt n
for-do {n} m i-to-stmt =

foldr (A i acc — acc ° (i-to-stmt i) ) id (L.allFin m)

for-do-syntax = for-do

syntax for-do-syntax m (A i — stmt) = FOR[ i < m ]DO stmt

24



set-get : V {n} - (a : Fin n) — (st@® : State n) - (a <= A st — (st »
a)) ste = sto
set-get a st@® = VP.[]=-1lookup st@ a

get-set : V {n} - (a : Fin n) — (v : Val) — (st@ : State n)
— (((ae v ) sto) »a) =v
get-set a v st@ = VP.lookup® update a st@ v

thml : Vv {n : N}
— (a : Fin n)
— (b : Expr n)
— (el : Expr n)
— (e2 : Expr n)
— (st@ : State n)
— (IF b THEN (a <— el) ELSE (a < e2)) st@ = (a < A st — (ifte
(getBool (b st)) el e2) st ) sto
thml a b el e2 stoO =
begin
(IF b THEN (a < el) ELSE (a < e2)) sto
=
if-then-else (b st@) (a < el) (a < e2) sto
=( h (b ste) )
(a <= A st — (ifte (getBool (b st)) el e2) st ) sto

where
h:Vv (b~ : Vval)
— (if-then-else b~ (a < el) (a < e2)) ste = (a < ifte
(getBool b~ ) el e2 ) sto
h (bool false) = refl
h (bool true) = refl
h _ = CRASH

thm2 = : v {A : Set} {n : N}
— (a : Fin n)
— (fn : Val — A — Val)
— (xs : List A)
— (st@ : State n)

25



— (foldr (A i acc st — acc ( (a «— fn (st » a) i) st)) id xs)
std = (a < A st — (foldl fn (st » a) xs) ) ste

thm2 =~ {A} {n} a fn xs st@ =
begin
(foldr (A 1 acc st — acc ( (a «— fn (st » a) i) st)) id xs) sto
=( refl )
(foldr f e xs) sto
=( Eq.cong-app (sym hp) steo )
(h xs) sto
=( refl )
(a < A st — (foldl fn (st » a) xs) ) sto

where
open L
h : List A — Stmt n
h=Axs  — (a < Ast— (foldl fn (st » a) xs ) )
f = (AN1acc st - acc ( (a « fn (st » a) i) st))
e = id
base : h [] = e
base = extensionality (set-get a)
step : (x : A) (ys : List A) — h (x @z ys) = f x (h ys)

step x ys = extensionality A st —
begin
h (x :: ys) st
=
(a << A st™ — (foldl fn (st~ = a) (x :: ys)) ) st
=

(@ «— (foldl fn (st » a) (x :: ys)) ) st

(a <« foldl fn (fn (st » a) x) ys) st
=( sym (VP.[]=-idempotent st a) )
(a « foldl fn (fn (st > a) x) ys) ((a <« fn (st » a)
x) st)
=( Eg.cong-app (cong (A X — (a « foldl fn X ys)) (sym
(get-set a (fn (st » a) x) st))) ((a «— fn (st » a) x) st) )
(a «— foldl fn (((a <« fn (st » a) x) st) » a) ys) ((a
«— fn (st » a) x) st)
=()
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(h ys) ((a <« fn (st » a) x) st)

f x (h ys) st
|
hp : h xs = foldr f e xs
hp = LP.foldr-universal h f e base step xs

thm2 : vV {n : N}

— (a : Fin n)

— (fn : Val — Val — val)

— (exprXs : Expr n)

— (st@ : State n)

— (FOR[ 1 € exprXs ]DO (a <= A st — (fn (st »a) i ) ) ) sto =
(@ <= A st — (foldl fn (st » a) (getList (exprXs st))) ) sto

thm2 {n} a fn exprXs stoO =

begin
(FOR[ i € exprXs ]DO (a <= A st — (fn (st » a) 1)) ) sto
=( refl )

(foldr (A 1 acc st — acc ( (a «— fn (st » a) i) st)) id xs) sto
=( thm2~ a fn xs st@ )
(a < A st — (foldl fn (st » a) xs) ) sto

where
open L
xs = getlList (exprXs stO)

thm3 ™~ : vV {n m : N}

— (fn : Val — Val)
(xs : Vec Val m)
(dest : Vec Val m)
(st@ : State n)
foldl (A acc i — arr m ((getVec m acc) [ i ]= (fn (xs
[ 1 1)))) (arr m dest) (L.allFin m)
arr m (V.map fn xs)
thm3 = {n} {m} fn xs dest sto =

begin

foldl (A acc i — arrm ((getVec macc) [ 1 ]=(fn (xs [ 1 ]1))))

(arr m dest) (L.allFin m)
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={
foldl (flip f) (arr m dest) (L.allFin m)
=( sym (LP.reverse-foldr f dest  (L.allFin m)) )
(foldr f dest ™ ° L.reverse) (L.allFin m)
=()
foldr f dest~ (L.reverse (L.allFin m))
=( hp2 (L.reverse (L.allFin m)) )
arr m (foldr f~ dest (L.reverse (L.allFin m)))
=( cong (arr m) (sym (IPFP_Agda.FoldrPerm.foldr-reverse (Fin m) f~
dest (L.allFin m) hp3)) )
arr m (foldr ¥~ dest (L.allFin m))
={
arr m (map ~ fn xs dest)
=( cong (arr m) (map ~=map fn xs dest) )

arr m (V.map fn xs)

where
open IPFP_Agda.UpdateAtMap using (map ~; map ~=map)
f = (AN1iacc — arrm ((getVec macc) [ 1 ]=(fn (xs [ 1 1))))
f  =(Niacc— (acc [1]=(fn (xs [ 1 ]))))
dest ~ = (arr m dest)
hpl = getVec-cancel
hp2 : (ys : List (Fin m)) — foldr f dest  ys = arr m (foldr
f~ dest ys)
hp2 L.[] = refl
hp2 (y L.:: ys) =
begin
f y (foldr f dest ™ ys)
=( cong (f y) (hp2 ys) )
f y (arr m (foldr f  dest ys))
=(
arr m ((getVec m (arr m (foldr £~ dest ys))) [y ]=
(fn (xs [y 1)))
=(cong (A\X—=arrm (X[y]=(fn (xs [y ])))) (hpl
(foldr £~ dest ys)) )
arr m ((foldr £~ dest ys) [y J= (fn (xs [y 1)))
={
arr m (f~ y (foldr f  dest ys))
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hp3 : (a b : Finm) - (c : VecvValm) - f~ a (f  bc) =
f b (f  ac)

hp3 a b c =
begin
f  a (f b c)
=0
(f"bc)y[al=(fn (xs [ al))
=0

(c[bl=(n(xs[b1))[al(fn(xs [ al]))
=( hp3-1 (a Data.Fin.Z b) )
f b (f  ac)
|
where
hp3-1 : Dec (a = b)
— (c[b]=(fn (xs [ b ]))) [ a ]= (fn (xs

=(c[al]=(n(xs[al])))[b]=(fn (xs

hp3-1 (yes refl) = refl
hp3-1 (no p) = sym (VP.[]=-commutes c a b p)

thm3 : V {n m : N}
— (xs : Vec Val m)
— (dest : Fin n)
— (fn : Val — Val)
— (st@ : State n)
— (FOR[ 1 < m ]DO
(dest [ 1 ]J<= A st —= (fn (xs [ 1 1)) )
) sto
= (dest < A st — arr m (V.map fn xs) ) sto

thm3 {n = n} {m = m} xs dest fn st@ =
begin
(FOR[ 1 < m ]DO (dest [ i ]« A st — (fn (xs [ 1 ])) )) sto
=
(FOR[ 1 < m ]DO (dest <= A st — arr m ((getVec m (st > dest))
[1]=(fn (xs [ 1]))) )) ste
=
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(FOR[ i < m ]DO (dest <— A st — g (st » dest) i )) sto

={
(foldr (A i acc st — acc ((dest <~ A st — g (st > dest) i) st) )
id (L.allFin m)) ste
=( thm2 ~ dest g (L.allFin m) sto )
(dest <= A st — (foldl g (st » dest) (L.allFin m)) ) sto
={
(dest «— foldl g (st@ > dest) (L.allFin m) ) sto
=( cong-app (cong (A X — dest <« foldl g X (L.allFin m)) (sym
(getVec-cancel = (st@ > dest)))) sto )
(dest <« foldl g (arr m dest ") (L.allFin m) ) ste
=( cong-app (cong (dest «— ) (thm3~ fn xs dest  st@)) sto )
(dest «— arr m (V.map fn xs) ) ste

={
(dest << A st — arrm (V.map fn xs) ) sto

where
open V using (_:: ; [1)
dest = = getVec m (st@ > dest)
g : Val — Fin m — Val
g acc i = arrm ((getVec macc) [ i ]=(fn (xs [ 1 1)))
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UpdateAtMap.agda

module IPFP_Agda.UpdateAtMap where

import Relation.Binary.PropositionalEquality as PE
open PE using (_=_; refl; sym; trans; cong)
open PE.=-Reasoning using (begin_; =(_; =()_; _m)

open import Data.Nat as N

open import Data.Fin hiding (_+ )
open import Data.Vec

open import Data.Vec.Properties
open import Function

import Data.List as L

open L using (List)

import Data.List.Properties as LP

foldr-compose : V {A B C : Set}

— (f : A—> B — B)
— (g : C— A)
— (z : B)

(xs : List Q)

— L.foldr (f o g) z xs = L.foldr f z (L.map g xs)
foldr-compose f g z List.[] = refl
foldr-compose f g z (x L.:: xs) =

begin
L.foldr (f o g) z (x L.:: xs)
=( refl )
f (g x) (L.foldr (f o g) z xs)
=( cong (f (g x)) (foldr-compose f g z xs) )
f (g x) (L.foldr f z (L.map g xs))
=( refl )
L.foldr £ z (L.map g (x L.:: Xxs))

mapSome : V {A B : Set} {n} — List (Fin n) - (A — B) — Vec A n — Vec
B n— Vec Bn
mapSome {A} {B} {n} some-i f xs dest = L.foldr (A i acc — acc [ i ]:== (f
(lookup xs i))) dest some-i
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mapSome-ignoreFst : vV {A B : Set} {n } — List (Fin n) — (A — B) — Vec
A (suc n) — Vec B (suc n) — Vec B (suc n)

mapSome-ignoreFst {A} {B} {n} some-i f xs dest = L.foldr ( (A i acc —
acc [ i ]:== (f (lookup xs i))) o suc ) dest some-i

mapSome-ignoreFst=d::mapSome : V {A B : Set} {n : N}

— (some-i : List (Fin n))
— (f : A — B)

— (xs : Vec A n)

— (x : A)

— (ds : Vec B n)

— (d : B)

— mapSome-ignoreFst some-i f (x :: xs) (d :
ds) = d :: (mapSome some-i f xs ds)
mapSome-ignoreFst=d::mapSome L.[] f xs y ds d = refl
mapSome-ignoreFst=d::mapSome {A} {B} {n} (i L.:: some-i) f xs x ds d =
begin
mapSome-ignoreFst (i L.:: some-i) f (x :: xs) (d : ds)
=( refl )
updateAt
(suc i)
(A _ — f (lookup xs i))
(L.foldr
(A i~ acc — updateAt (suc i~ ) (A _ — f (lookup xs
i~ )) acc)
(d :: ds)
(some-1i)
)
=( refl )
updateAt (suc i) (A _ — f (lookup xs i)) (mapSome-ignoreFst some-
if (x 2 xs) (d = ds))
=( cong (updateAt (suc i) (A _ — f (lookup xs i))) (mapSome-
ignoreFst=d::mapSome some-i f xs x ds d) )
updateAt (suc i) (A _ — f (lookup xs i)) (d :: (mapSome some-i f
xs ds))
=( refl )

d :: mapSome (i L.:: some-i) f xs ds
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-

map :V {AB: Set} {n} - (A—- B) - Vec An— Vec Bn— Vec Bn
map = {A} {B} {n} = mapSome (L.allFin n)

map ~-ignoreFst : Vv {A B : Set} {n} - (A — B) — Vec A (suc n) — Vec B
(suc n) — Vec B (suc n)

map ~ -ignoreFst {A} {B} {n} f xs dest = L.foldr ( (A i acc — acc [ i ]:=
(f (lookup xs i))) o suc ) dest (L.allFin n)

map ~ -ignoreFst=d:map ~ : V {A B : Set} {n m : N}
— (f : A — B)
— (xs : Vec A n)
— (x : A)
— (ds : Vec B n)
— (d : B)
— map ~ -ignoreFst f (x :: xs) (d :x ds) = d
@ (map -~ f xs ds)
map ~ -ignoreFst=d:map ~ {n = n} = mapSome-ignoreFst=d:mapSome (L.allFin

n)

map =map : V {A B : Set} {n : N}

— (f : A — B)

— (xs : Vec A n)

— (dest : Vec B n)

— map ~ f xs dest = map f xs
map ~ =map {A} {B} {.0} f [] [] = refl
map ~ =map {A} {B} {(suc n)} f (x :z xs) (d :z ds) =

begin
map = f (x :x xs) (d :: ds)
=( refl )
updateAt
zero
(AL _— fx)
(L.foldr
(A i acc — updateAt i (A _ — f (lookup (x :: xs) i)) acc)
(d :: ds)

(L.tabulate suc)

33



=( cong
(A X —
updateAt
zero
(A _— f x)
(L.foldr

(A i acc — updateAt i (A _ — f (lookup (x :: xs) i)) acc)
(d :: ds)

X

))
(sym (LP.map-tabulate id suc))

updateAt
zero
(A _— f x)
(L.foldr

(A i acc — updateAt i (A _ — f (lookup (x :: xs) i)) acc)
(d :: ds)

(L.map suc (L.allFin n))
)

=( cong (A X — updateAt zero (A _ — f x) X) (sym (foldr-compose (A

i acc — updateAt i (A _ — f (lookup (x :: xs) 1)) acc) suc (d :: ds)
(L.allFin n) )) )

updateAt
zero
(A _— fx)
(L.foldr
( (A i acc — updateAt i (A _ — f (lookup (x :z xs) 1i))
acc) o suc)
(d :: ds)
(L.allFin n)
)
=( refl )
updateAt zero (A _ — f x) (map ~ -ignoreFst f (x :: xs) (d :: ds))

=( cong (updateAt zero (A _ — f x)) (map ~-ignoreFst=d:map =~ {m
n} f xs x ds d) )

updateAt zero (A _ — f x) (d :: map~ f xs ds)
=( refl )

f x :: (map~ f xs ds)
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=( cong (_ :_) (map =map f xs ds) )
f x = (map f xs)

=( refl )
map f (x :: Xs)
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FoldrPerm.agda

open import Data.List

open import Data.List.Properties

open import Relation.Binary.PropositionalEquality hiding (trans)
import Relation.Binary.PropositionalEquality as PE

open PE.=-Reasoning using (begin_; =(_; =()_; _m)

module IPFP_Agda.FoldrPerm (A : Set) where
open import Data.List.Relation.Binary.Permutation.Propositional {_} {A}

foldr-perm : V {B : Set} (f : A— B — B) z xs ys
— (Vabc—=fa(fbc) =fb (fac))
— XS &» ys
— foldr f z xs = foldr f z ys
foldr-perm f z xs .xs comm refl = refl
foldr-perm f z .(x = ) .(x :x _) comm (prep x perm) = cong (f x) (foldr-
perm £ z _ _  comm perm)
foldr-perm f z (x ::y 2 xs) (y = x 2 ys) comm (swap X y perm) =
begin
f x (fy (foldr f z xs))
=( comm x y (foldr f z xs) )
fy (f x (foldr f z xs))
=(cong (Az—> fy (f xz)) (foldr-perm f z xs ys comm perm) )
fy (f x (foldr f z ys))
]
foldr-perm f z xs ys comm (trans perm perm;)
= PE.trans (foldr-perm £ z _ _ comm perm) (foldr-perm f z _ _ comm

perm;)

post : V (X : A) XS ys — XS «w ys — Xs " X ¢w ys u" X
post x xs .xs refl = refl

post x .(x1 * _) .(x1 :* _) (prep xi1 perm) = prep xi1 (post x _ _ perm)
post x .(x1 =y ) .(y 2 xq1 2 ) (swap x1 y perm) = trans (swap X1 y
refl) (prep y (prep xi (post x _ _ perm)))

post x xs ys (trans perm perm;) = trans (post = perm) (post
perm;)

prep-post : V (x : A) XS yS — XS ¢w» yS — X I XS &w ys u" X
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prep-post x [] .[] refl = refl
prep-post x (xi1 : XS) .(Xi1 :* xs) refl = trans (swap x X1 refl) (prep xi
(prep-post x xs xs refl))
prep-post X .(x1 :* _) .(Xa @ _) (prep xi perm) = trans (swap x xi refl)
(prep xi1 (prep-post x _ _ perm))
prep-post x .(x1 =y i ) .(y it X1z ) (swap X1 y perm) =

trans (swap x xi refl)

(trans (prep xi1 (swap x y refl))

(trans (swap xi y refl)

(prep y (prep xi (prep-post _ _ _ perm)))))
prep-post x xs ys (trans perm perm;) = trans (prep-post x _ _ perm) (post
__ _ permy)

revPerm : (xs : List A) — xs «w reverse xs

revPerm [] = refl

revPerm (x :: xs) rewrite unfold-reverse x xs = prep-post x xs (reverse
xs) (revPerm xs)

foldr-reverse : V {B : Set} (f : A— B — B) z xs

— (Vabc—=fa(fbc) =fb (fac))

— foldr f z xs = foldr f z (reverse xs)
foldr-reverse f z xs comm = foldr-perm f z xs (reverse xs) comm (revPerm
XS)

37



33z ] 190035

AET AT R RE ATAMARER SRR c R

PEBREEFEL PTG LF TR



	190035-封面
	190035-作者簡介
	190035-本文
	摘要
	Abstract
	一、前言
	二、研究方法與過程
	三、結論與未來展望
	四、參考文獻
	五、附錄

	190035-評語

