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Assumptions
-

given isomorphic domains ( see separate '
Domain Mappings ' notes ) :

A # A
'

and optionally GLA I. A ' ]
d

'

B B
'

and optionally GCB B
' ]



Non - Recursive Function
-

old function : ffx ) E et) f : U - U

condition : FABI xEA ⇒ f-G) EB - f- CA) EB - f : As B ①3
alla ' Irs '

new function : t
' ⇐ if x' EA

'

the Neca #D) ele . .

.FI?reEYnets Of
[this wrapping test is not strictly necessary ,

A
'

t ' B
'

but it uniforms recursive and non recursive case

t x' EA
'

⇒ t
'

= BEG 'fxD))

(
g.⇒

"
'

EA
'A¥?Cela 't 'D) BEING 'D)

+ fh x' EA
'
⇒ f-

'Gi ) EB
'
- f ' CAD EB ' - f 's A'→ B '

(
ae

EA
' ±aEA¥fDEBBB→p3CfG1GDDEBaf't) EB '

t XEA ⇒ ffx) = B'H'Ktx)))

←x EA a' Calx)) =L\DHEA
'

ftp.fia#=BLfCaYdCxDD=BCfGD\ fAB§⇒eBB¥=¥gg=tH
RED



GWdsforNon-Recursivefunct.io#
⑦ yah n CAH ⇒ gets] f- . . .

condition : ④ yffx) ⇒ x EA

shik 't ⇐ (x' EA 's 8th 't 'D ] § µ!
f
'

t 8th) ⇒ yfi HAD - . . .

yfC⇒ # x EA a'k# = x

)I -*.

1- 8th ' ) ⇒ yfla ' (x))

( Itf ' ) sets
'

x'EA
'

not la '

+⑤
rt

wax 's =za n
HEAfain8otzµ,g#(x'EA '

n yha't 'D ⇒ ya 't
')
n ( x' EA

'

⇒ yak ' )
n je la 't 'D n ya Cela 't 'D) ]I ,

.

}
"

WH) EA ¥Bsf( a' GD) EB Ets e (d ' (x ' )) EB
QED



Recursive Function
- ①f- B

old function : the if AG) then BH else CG ,
fldGD) f : USU offal effs ' } :[real?!?!! Isenah ⇒ Mild (x)) Lf Mt Cx)

conditions {
'FABI + c- A ⇒ ft) E B - as in non - recursive case

A B
'

Ado x EA n naCx) ⇒ DG) EA - rarecursive call preserves A

new function : f 't
' ) E if x'EA

'

then fit ala 't 'D then Bcbcayx 'D) else Blahnik 's ,# 'IK't ' ) ) ) )) )
')) else . .

!Fr! Ynet)
MH (x) E Mt (a' (x ' ) ) ht ' E tf

t x' EA
'

n
na (d' (x'D ⇒ Mfi (Hd (d ' (x 'D)) hfi Mfi (x' ) - f

' terminates

x
' EA

' ¥a4xDEA#Tf dca ,⇐DEA aka ( d la ' (xD))) =D G'G 'D
Tola ' Cx 'D I| geD@tDDMHddHMD-MtldYhyIffI.ca 't 'D ⇐ '

net)



+ x' EA
'
⇒ f

'Gi) = Bcf (d ' (xD)) - as in non- recursive case
,
with additional hypothesis

base ) afaik'D €5 f 't ') = Alb (a' (x 'D)
/ SH flake 'D = b Cayey Iif't

' ) =p If CHAD

( "" "seen :c:÷:÷÷÷÷n¥::::c:*::::::.:÷÷÷÷÷÷::÷:*:":". .....""FAB Halfa (d (d ' (x ' ))))€ Hdcaih-FEBp.gs B'Gelds , Ennahda , #m
#I¥;D , Holla

'G'DID

Hak 'D = da 'Gi )
,
fld (alla))))
£42 ' G ' ) ))

QED

1- f'AlB① x' EA
'

⇒ f '(x ' ) E B
'
- as in non - recursive case ; same proof

+ x EA ⇒ f- (x) = B' (f ' (a (x )) ) - as in non - recursive case ; same proof



GuardsforRecursivefunctionlrf08q.fr/nCyfH=78aHn(alxl⇒ 8bH]n[nah ⇒ ydhnzfldlxhnz.hr ,fCdCM] ]

condition : ④ yffx) ⇒ x EA

8th ' ) E (x' EA
'

n Jfk 't 'D ] - as in non- recursive case

. "

+ yr. ⇒ yah - as in non- recursive case ; same proof µ µ } IT.ec?IIt!ree9asetjfilx
' ) ⇒ jf (a' (x)) - as in non- recursive case ; same proof

. "

t

we hit =¥nHeA⇒%nra¥HDn

€¥^HH"⇒⇒t¥¥"⇒*TT^[x' EA nyafa.fi#flatGH=bG' G'D EB Ad↳/ if # dk't ' )) EAt÷÷÷÷÷÷i:÷÷÷÷÷:i÷÷÷÷÷÷i÷÷÷¥
*

'hfldla - Gi ) )) ) 8cGYfYYxHDD!#
FEED

AAB y , (da 't 't , Alf 'kldk
' K' DD) )) ) ]

ae.jo#htCdHAHlEB#s
#



Non-Recursivepredic.at#
old predicate : PG) Eek) PEU A
- A '

condition : pH ⇒ x EA -

p EA

is
new predicate : plfx ' ) E (x ' EA

'

n ela
' (x 'D] -

t x'EA
'
⇒ p't ') =p Cath) )

- as in function case
,
but without B

I.
⇒

"" e!:¥¥!
1- p p' (x ' ) ⇒ x' EA

'
- p

' EA
'

(
yep

p 't
' ) ¥

'

x' EA
'

r . . .
→ x' EA

'

t
'

p④ XEA ⇒ pfx) =p 'Calx)) - as in function case
,
but without B

a' (21×1) - x
\(

se,

*

a

HAD - Plata = pa,



GuardsforNon-Recursivepredi.cat#
④ top G) n @pH ⇒ ye Cx))

::
⇒ . "

""

7-

+④
" ¥i÷÷÷÷÷÷÷÷÷: "



Recursive Predicate -

-

'

old predicate : p (x) € if a# then b (x) else ccx , pcdfx))) p EU -I

④ nah ⇒ up ( d(xD Lp Mp (x) #
same picture as

④ pfe) ⇒ × EA - as in non - recursive predicate case non - recursive caseconditions {④ +⇐A n safe) ⇒ d (x) EA - as in recursive function case

new predicate : p 't
' ) E x' EA

'

n (if aca ' Cx 'D then b (a' Cx 'D else claim
, p

' la (dfa ' (x ' ))))) )
Mpfx ' ) € Mp (a' (xD) Lpc E hp

1-
'

④ x' EA
'

n na (a' (x 'D ⇒ Mpi @ ( d(Life 'D)) hp , up , (x ) - p
' terminates - same proof as recursive function case

t x'EA
'
⇒ p 't ') =p Cath) )

-

as in non - recursive predicate case

base ) old 't ')) p' (x ')=b(a' (x ' ))

induct pi
/ I pcayx.gg = BG , ayy} P

'

=p (d 't 'DI ' stem :c:c::÷÷÷:÷::÷:÷÷:÷i:c:*:i÷¥i" "" ÷:?:c. ....
RED

€04
'H'D= data ,pcdcayx.fi#dk'ddxfpYaiCxiD

1- p R' (x ' ) ⇒ x
' EA

'
-

p
' EA ' - as in non - recursive predicate case

( p 't )x'¢A'→P'np4*4→# impossible → x' EA

SED

t x c- A ⇒ p (x) =p
'Gtx)) - as in non - recursive predicate case ; same proof



GUardsforkecursivepredicaterpojyp.CH
n Cyp G) ⇒ 8. (x) n Lak) ⇒ HAD a

Lakh ⇒ yd G) nypcd nyc (x , plot (xD) ] ]
,

condition : ④ -EA ⇒ 8pm - as in non - recursive predicate case

"
= " "

E-

Jp , (x') E x' EA
'
-

as in recursive predicate case #
same picture as

+
non - recursive case

GA
'

Wpi (x ' ) =8A
[x'EA '

⇒aiayxisc-AG-zpcay.in#EeI=P/aEinoaCahDnF/...........÷÷÷i÷÷i÷÷÷÷÷.:÷÷....."
Pcd

y⇒yddk'HDeA#€sgc¥Hdk'
HIM ] ) ]

RED



Generalization to Tuples
-

f. U
"
- Um p E U

" AEU " BEUM a :U
"
- Un

'

B :Um→Um
'

f 's Un
'

→ Unm
'

pl Eun
'

A' EU"
'

B' Eun
'

a
'
: Un 's U

"

B
'
: Um

'

- Uh
'

straightforward ,
similar to ' Isomorphisms ' notes



Compositional Establishment of Isomorphic Mappings on Tuples
--

-

partition old and new inputs into equal numbers of disjoint non - empty subsets :

f. I , . . . ,
n } = {is,z , . . . ,

in
, ne
} Ut . - - Ut Lik .se , . - - sik .nu} ,

he> 0
, . . .

,
Nk > 0 ,

htt . - - the = n 31 I
ft , . . - in

' } = files
, . . .

, ii. ni } Ut . . - Ut films , . . .

, nie} , n ,
'
> o
, . . .

, nk
'

> o
,
hit . .

- this = n '

31 )
same k

establish isomorphic mappings between each pair of partitions :

As s AI , . . -

, Akc÷ Ah ,
As EU

"

, .
. .

.
An EU"

,
Ae's Uni

,
. .

.

,
Ake Uni

combine the isomorphic mappings :

A E f ( Xs , . . .

.
-
n > EU

" I Lxii
.
. ,

. . . , Xian . > E AL n .
. . n

⇐ in
.
. .

. . . , Xin .nu > E Ate }
I 1

A
' E THI , . .

. ,Xn
'
. > EU"

'

IL Xi 's . . . . . , x'ii. n . . > E Adn .
. .

n kik . . ,
. . .

x'ii. nie > E A' k }
dfxs

, . . . ,Xn) E ( define .
. . . . Xian . ) , - - - idk # ik.si - - ' i' ik.nu ) > } flatten nested tuples

L' (xd, . . . ,
EL as' (x'is

.
. ,

. . .

,
-
'

inn;) , . . . , an
' H'in

. "
- - - i'

'

i'a .nu'
) >

do analogously for old and new outputs :

ft , . . . ,
m } = fji.se ,

. . .

, jam .} Ut . . .

Ut fjh.es
,

.
. .

, jn.mn } ,
Ms >O

, . .
- , Mh > 0 , Mat - - it Mh - m 31 I

{ Ii . . - im
' } = Tj 's ,s , . . . ,j 's,mi } Ut . . - Ut fish

, , ,
. . .

, jh.mn, } ,
m 's > o

,
. . . , m 'm > o ,

ma't . - - turn'=m
'
31 S same

k

B
. # Ba

'

,
. . .

, Bht Bh' ,
Bse Um

,
. . . ,BhEUMh

,
Bs 's Umi

,
.
. .

, BIE Umi

B E f Lys , . .
. ,ym > E Um I Lyj . . . , . . . ,yj*m .

> E Bse n . . .

n Lyin ,s , . . - lyin .mn > E Bk }
B 't fly 's , . . . , y'm '> EW't Ly 'j . . . . . . ;y' jis.me . > C- Bs '

n . - - n Cy 's.in
.
. . .

. . ,y'in .mn. > EBL }

# (ya, . . . ,ym) E ( Rs (Yj . .. . - - i Yjsh) ,
- - -

i Bhlyjhih - - ' IYJ him) > } flatten nested tuples( yet . . . ,ym' ) ⇐ ( B:(y'ji . .. . . . . ,y 's 's.in) , . . - i Biilyjine , . .
. , Y'in .mn.) >


