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Research Questions

RQ1 How must proof checking be performed to generate comprehensible feedback for students?

RQ2 How can erroneous solutions be automatically assessed, such that the assessment is correct and
fair, as well as graded according to errors?

RQ3 How suitable is automatic assessment in an undergraduate course setting?

RQ4 How usable is the resulting tool for undergraduate students?
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Architecture

ADT

N

Automatic Structural Induction Assessor (ASIA)EI

J

Task %
Proof %

InputManaging {I

OutputManaging EI

Assignment:

?Assessment

Feedback
including
assessment

ProofChecking {l

Assessing E:I
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Structural Induction Proofs on Abstract Data Types £ azts
adt Peano a
sorts Nat

constructors zero: Nat
inc: Nat -> Nat
operations add: Nat >< Nat -> Nat
vars n:Nat, m:Nat
axioms Al: add(n,zero)
A2: add(n,inc(m))

n
inc(add(n,m))
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Structural Induction Proofs on Abstract Data Types Ejnezis

adt Peano

sorts Nat

constructors zero: Nat

inc: Nat -> Nat

operations add: Nat >< Nat -> Nat

vars n:Nat, m:Nat

axioms Al: add(n,zero)
A2: add(n,inc(m))

n
inc(add(n,m))

task forall n:Nat : add(zero,n) = n induction nB
case zero maxpt 1 minsteps 1 maxsteps 1
case inc maxpt 2 minsteps 2 maxsteps 2
IH maxpt 1
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Structural Induction Proofs on Abstract Data Types =z

adt Peano N
roof /* of a student *
sorts Nat P /* of /

BC: show: fixed n:Nat : add(zero,inc(n))=inc(n)
constructors zero: Nat

i e e add(zero,inc(n))
inc: ->
A2, 1 dd {
operations add: Nat >< Nat -> Nat _ igczadgzz:ro(ifgo’lnC(n))’ [zero/n,n/n]}
vars n:Nat, m:Nat 9
’ A1, 1 dd
axioms Al: add(n,zero) =n _ {;CEn)r’ add(zero,n), [1}
A2: add(n,inc(m)) = inc(add(n,m))

IH: fixed n:Nat : add(zero,n)=n

n | IS: show: add(zero,zero)=zero
task forall n:Nat : add(zero,n) = n induction n add(zero,zero)

case zero maxpt 1 minsteps 1 maxsteps 1 {IH, lr, add(zero,zero), [zero/n]}
case inc maxpt 2 minsteps 2 maxsteps 2 = zero
IH maxpt 1
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Proof Checking - Example

proof /* of a student */
BC: show: fixed n:Nat : add(zero,inc(n))=inc(n)
add(zero,inc(n)) T
{A2, lr, add(zero,inc(n)), [zero/n,n/m]}
= inc(add(zero,n))
{A1, lr, add(zero,n), []}
= inc(n)
IH: fixed n:Nat : add(zero,n)=n  ___.---=77
IS: show: add(zero,zero)=zero---=="""
add(zero,zero) L iemeemmm-mmmemmTT

= Zero

{Wrong constructor inc for base case (BC)

________ {Incorrect application of Axiom A1

{Wrong constructor zero for induction step (IS

........ {Induction hypothesis (IH) in base case zero

[Substitution of fixed variable n

)
)
)]
J
)
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Assessment Schema

Assessment with Error Kinds

Error Kind

Assessment of the Context

Formal Errors F;
Content Errors C;
Warnings

0%
Configurable Weight «; (0%-100%)
100%
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Assessment Schema =

Assessment with Error Kinds
Error Kind Assessment of the Context

Formal Errors F; 0%
Content Errors C;  Configurable Weight «; (0%-100%)

Warnings 100%
Basic Concepts of Aggregation of Assessments
0 7Z'J‘ZEEJ‘.;(C)FZ->O
Ao = { maxPt, — maxPt, - L7 else
maxk,
[ mazE. ,z’szieF(C)FZ->0
€e = { maxE, - ECiEC(c) a;C;, else

G.= ZVQGC G.;, where ¢ ={c1,....,cn}, G € {A e}
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Assessment and Feedback

™ N X & N
adt Peano Automatic Structural Induction Assessor (ASIA) Overall Assessment: 1.75 of 4
sorts Nat 7 7 Case zero: 0 of 1
EIEITEHD 828 T ,_4{ InputManaging ‘ ‘ OutputManaging }7—@ TH: 1 of 1
inc: Nat -> Nat >_, Case inc: 0.75 of 2
operations add: Nat >< Nat -> Nat
vars n:Nat, m:Nat
axioms Al: add(n,%ero) = n getA55|gnmentO getAssessment Errors in (2:0) case inc:
A2: add(n,inc(m)) = inc(add(n,m)) 41
N N N Errors in (6:2) case inc, term rewriting 2:
task forall n:Nat : add(zero,n) = n induction n ProofChecki g A X 9 8, 16 [ add( zero,n ) / n ]
case zero maxpt 1 minsteps 1 maxsteps 1 [OORISCUNg SSeSSg ’ ’
. . >—’ Errors in (9:0) case zero:
case inc maxpt 2 minsteps 2 maxsteps 2
IH maxpt 1 &
Errors in (11:2) case zero, term rewriting 1:
N
proof /* of a student */ Hp F/ W
BC: show: fixed n:Nat : add(zero,inc(n))=inc(n) | _ ____{Wrong constructor inc for base case (BC)
add(zero,inc(n))
{A2, lr, add(zero,inc(n)), [zero/n,n/m]} — " Error codes:
= inc(add(zero,n)) -““‘"{Incorrea application of Axiom A1 8-Rule's application direction wrong
{A1, lr, add(zero,n), []}-----"""""" 10-Wrong substitution for inverse direction
= inc(n) __—-{Wrong constructor zero for induction step (IS) of rule's application
IH: fixed n:Nat : add(zero,n)=n 36-Induction hypothesis is applied in base case
IS: show: add(zero,zero)=zero ---"""~ N B N _Fi 1 1
e — ’ --—-{Inductlon hypothesis (IH) in base case zero 37-Fixed variable was substituted
_,1_’.,..;12{ ------- { 41-Given induction case is
(IH,"1r, add(zero,zero), [zero/n]}----...___ s — - - inconsistent with constructor
= zero “"--»[Substltutlon of fixed variable n
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(Live Demo on) YAPEX

& Editor 1% rask description eva 8§ “1X
&5 Editor settings |~ *D Resetcode @ £ Serverversion: 15:10:31-06.05.2026 € Notaskspecified
exampleadt % exampleconfig X  exampleproof X  exampletask %
proof
IA: zu zeigen: fixed n:Nat : add(zero,inc(n)) = inc(n)
add(zero,inc(n))
{A2,1r,add(zero,inc(n)), [zero/n,n/m]}
inc(add(zero,n))
{A1,1r,add(zero,n),[]}
= inc(n)
IH: fixed n:Nat : add(zero,n) = n
1S: zu zeigen: add(zero,zero) = zero
add(zero,zero)
{IH,1r,add(zero,zero), [zero/n]}
= zero
3% Normal test © Custom tests @ 11X nsole output 1%
" Runalitests @ X Clear test results @ state: & Use diff @ Replace Spaces @ Test: Check Proof
1 Check Syntax © Show content 0 Input > [0 X Program ® > () Output
compiled in: - executed in: 3
e Check Proof @ Result 1/1 @ Showcontent ~ Gesamtbewertung: 1,75 von 4
Bewertung nach Teilaufgaben:

Hauptaufgabe: 1,75 von 4
Fall zero: @ von 1

Fall inc: 0,75 von 2
Fehler nach Lemmata:
Hauptbeweis
Fehler in (2:6) Fall inc:
41 Art des Induktionsfalls inkonsistent zum Konstruktor
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https://yapex.informatik.uni-halle.de/#/doeditor/exercises/5dbldgh0iiko-f0d4

Evaluation - Submissions (192 Participants)
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Evaluation - Distribution of Points
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Evaluation - Survey (17 Participants - only 2025)
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Conclusion

Tool: Automatic Structural Induction Assessor (ASIA)
DSL for ADT, task, proof
Proof checking with follow-up error consideration
Fair assessment formula based on found errors
Integrated in YAPEX Webapp

Evaluation - Case study (192 Participants):
Low amount of reassessment required

Evaluation - Survey (17 Participants):

System Usability Score 62.5 (above average)
NASA Task Load Index 40 (reduced load)
Helpful and comprehensible Feedback
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Thank You!

adt Peano
sorts Nat

vars n:Nat,

constructors zero: Nat

inc: Nat

operations add: Nat >< Nat

m:Nat

axioms Al: add(n,zero)
A2: add(n,inc(m)) =

-> Nat
-> Nat

n
inc(add(n,m))

task forall
case zero
case inc
IH

n:Nat

N
: add(zero,n) = n induction n

maxpt 1 minsteps 1 maxsteps 1
maxpt 2 minsteps 2 maxsteps 2

maxpt 1

= inc(n)

= zero

IH: fixed n:
IS: show: add(zero,zero)=zero -
add(zero,zero)

Nat : add(

proof /* of a student */
BC: show: fixed n:Nat :
add(zero,inc(n))
{A2, lr, add(zero,inc(n)), [zero/n,n/m]}
= inc(add(zero,n))
{A1, lr, add(zero,n), []}---~""""

zero,n)=n

add(zero,inc(n))=inc(n)

]

g
4{ InputManaging ‘

Automatic Structural Induction Assessor (ASIA) ¥

getAssignment(() getAssessment

g g
ProofChecking

‘ Assessing

Wrong constructor inc for base case (BC)

{Incorrect application of Axiom A1
{Induction hypothesis (IH) in base case zero

)
}
Wrong constructor zero for induction step (IS)
J
}

[ Substitution of fixed variable n

g
‘ OutputManaging }7—@

{ 41-Given induction case is

Overall Assessment: 1.75 of 4
Case zero: 0 of 1
IH: 1 of 1

Case inc: 0.75 of 2

Errors in (2:0) case inc:
41

Errors in (6:2) case inc, term rewriting 2
8, 10 [ add( zero,n ) / n ]

Errors in (9:0) case zero:
41

Errors in (11:2) case zero, term rewriting 1
36, 37 n

Error codes:
8-Rule's application direction wrong
10-Wrong substitution for inverse direction
of rule's application
36-Induction hypothesis is applied in base case
37-Fixed variable was substituted

inconsistent with constructor
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Evaluation - Reassessed Submissions
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Representation

ADT

Sorts
Constructors
Operations
Operation
Vars

Axioms
Term

Sorts Constructors? Operations Vars Axioms?
"sorts’ Sort (", Sort)*

' constructors’ Operation
"operations’ Operation™
OperationName ’ =’ (Sort ('><’ Sort)* '— >')? Sort
Var ’:" Sort ()’ Var’: Sort)*

"axzioms’ (AxiomName ' :’ Term ' =’ Term)™

Var | (OperationName (“(" Term (', Term)* )")?)

+
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H ST
Representation B0
ADT ::=  Sorts Constructors? Operations Vars Axioms?
Sorts u= ’sorts’ Sort (',’ Sort)*
Constructors  ::= ’constructors’ Operation™
Operations == ’operations’ Operation™
Operation 1= OperationName ' ;" (Sort ("><’ Sort)* '— >')? Sort
Vars u= Var’: Sort (') Var’: Sort)*
Axioms = 'axioms’ (AxiomName’: Term’ =’ Term)*
Term = Var | (OperationName ("(’ Term (*,) Term)* ')")?)
Task u= 'task’ Eq ("induction’ Var)? (TaskPt | SubTasks)
Eq g (Fixed ’ :")? (Forall  :")? Term ' =" Term
Fixed " fized Var': Sort (', Var’: Sort)*
Forall "forall’ Var ' ;" Sort (",) Var’:’ Sort)*
TaskPt g "mazpt’ Nat 'minsteps’ Nat ‘maxsteps’ Nat
SubTasks ::= (‘case’ ConstructorName TaskPt)* 'TH’ ‘maaxpt’ Nat
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Representation =

ADT ::=  Sorts Constructors? Operations Vars Axioms?

Sorts u= ’sorts’ Sort (',’ Sort)*

Constructors  ::= ’constructors’ Operation™

Operations == ’operations’ Operation™

Operation 1= OperationName ' ;" (Sort ("><’ Sort)* '— >')? Sort
Vars = Var’: Sort (/,/ Var’: Sort)*

Axioms = 'axioms’ (AxiomName’: Term’ =’ Term)*
Term = Var | (OperationName ("(’ Term (*,) Term)* ')")?)
Task "task’ Eq (“induction’ Var)? (TaskPt | SubTasks)
Eq (Fixed ’ :")? (Forall  :")? Term ' =" Term

Fixed " fized Var': Sort (', Var’: Sort)*

Forall "forall’ Var " i Sort (', Var’:' Sort)*

TaskPt g "mazpt’ Nat 'minsteps’ Nat ‘maxsteps’ Nat
SubTasks ::= (‘case’ ConstructorName TaskPt)* 'TH’ ‘maaxpt’ Nat
Proof = 'proof’ DirectProof | InductionProof
InductionProof  : (“induction’ Var)? Induction

Induction ::= BasisT Hypothesis™ Step*

Basis = 'IB’ Goal DirectProof

Hypothesis ; 'IH’ IHName? Eq

Step 'IS’ Goal DirectProof

Goal 'goal ;' Eq

DirectProof Term TermRewriting™
TermRewriting  : "{'Rule’,” ("lr'|'rl")",’ Term’,” Subst’}’ ' =" Term
Subst w= [’ (Term’/' Var (", Term '/’ Var)*)? ']’
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Representation

ADT ::=  Sorts Constructors? Operations Vars Axioms? Taar PLADT 1__10‘)%“0"5 axioms
Sorts 89 "sorts’ Sort (", Sort)* i IS A -
- Ol - eration iom
Constructors 'constructors’ Operation™ | = 1.<dson:~| B = |
Operations "operations’ OperationJr | pame:Sing | fordere }v| TR 7 -
Operation OperationName " ;" (Sort ('><’ Sort)* '— >’)? Sort [+ basicc Constructor
Vars := Var’: Sort (') Var’: Sort)* BasicConstructor | T [BuildingConstructor]|
Axioms "azioms’ (AxiomName ' :" Term ' =' Term)™ 0. buildingConstructorsA - =
. 1ot i ERAYAY 1 task 1 e omposedTree
Term Var | (OperationName ("(" Term (*," Term)™ ")")?) Task o 2L/ SingieTask - ~ohidren
1 config 0..T'indVariable [
/ ’ 0 P 2 ¢

Task task’ Eq (“induction’ Var)? (TaskPt | SubTasks) [iCanfig |<|—[InductionConfig | e
Eq (Fixed ’ :")? (Forall  :")? Term ' =" Term y ”ndHprOHEI - o
Fixed :fia:ed//Var '/:’/ Sort ('/,'/ Var ’ i’ Sort)* SingleConfig i
Forall forall’ Var ' ;" Sort (,’ Var’:’ Sort)* maxPLint I 1 rvaravie
TaskPt "maxpt’ Nat 'minsteps’ Nat “maxsteps’ Nat minSteps:int Variable
SubTasks ('case’ ConstructorName TaskPt)™ 'TH’ 'maxpt’ Nat maxStepstint P

! proof 1 proof 0..* variables
Proof "proof’ DirectProof | InductionProof >[Proof o> s’”glep”’:" h ;

. . . . e )
InductionProof (“induction’ Var)? Induction DirectPro$| Dlegd v A Teq UlleftTree
Induction BasisT Hypothesis™ Step* 1rightTree,
Basis "IB’ Goal DirectProof ;emf;'ed;::‘:‘)gs

H ’ ’
Hypothesis /IH/ IHName? Eq TG X
Step IS’ Goal DirectProof direction:
’ , irection:char 0..* fixedVarsr
Goal goal ;" Eq D i
. . * T S ree
DirectProof Term TermRewriting™ 0..* substitutions ‘1 ———— v
TermRewriting  ::= '{’Rule’,” ("lIr’|"rl’)’,’ Term’,” Subst’}’ ’ =" Term Substitution .1 variable)' St Tee, 1 termrart, 1 resultiree
Subst 2= [’ (Term '/’ Var (') Term '/’ Var)*)? ']’ variableName:string 1 tree)

T T e 21/35



Proof Checking - Metamodel
]
ProofChecking

ProofChecker

SingleErrorChecker

+check(c:Context):bool

+check(a:Assignment)
! ! <<use>> )

<<use>> \1/ AP A
ConcreteErrorType_1

Context

IConcreteErrorType_n

+accept(c:SingleErrorChecker):bool

N

InputManaging.Representaion

Error

+errorCode:int
+output:string

0..* errors

Directproot
...--."
nductionHypothesis| [ Substitution ]
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Table 1: Comparison of related approaches for assessing formal proofs
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Concrete Assessment Schema

if (p=tr; Vp=ih)

0 AF, £0 (1)
if (p=tr; V p=ih)
1— CGXC: a(c) AFE, =0 (2)
. n = o(tr:) e
pt - min (1 ,7) . <ZZ:; W) if p=dp 3)
w(p) = if p=case
0 A Fyous # 0 @)
> (w(tn)— z a(c>> .
i n\ i= c€Cyoal if p=case
pt - min (1 ’ 7) ’ min(n,u) A Fyoat =0 ®)
ptin - p(ih) + f: p(case;) if p=ind (6)

i=1

Fig. 2: Formal definition of the assessment function ¢ : P — Q(T . Here, a direct

proof dp=(pt,l,u, (try,--- ,tr,)) consists of the maximal points pt, the lower [
and upper u bound of steps, and the term rewritings ¢r; (with i € {1,...,n});
a case=(goal, pt,l,u, (try,- -+ ,tr,)) additionally includes the goal, whereas an

induction proof ind = (ptin,ih, {cases,...,casen}) encompasses all cases, the
induction hypothesis ih and corresponding points pt;y,.
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Example: Calculation of Assessment for case inc

(p(inc) —92.min (1 ’§> ) Ei:l (‘P(tT::i;(QZ,:QC)ngOM a(C)>

= Zj:1 ((p(tri)_ZCEngl a(c)) = (¢(tr1)—0.25) + (p(tr2)—0.25)
- (1 - (Zec a(o)) - 0.25> + (1 - (ZEC a(c)> - 0.25>

= (1-0-0.25) 4 (1— (0.25 +0.5)—0.25) = 0.75+0 = 0.75
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Exercise: Roles

name Roles
sorts P,L
constructors player: P
attack: P -> P
spell : P —>
one: L
up: L > L
operations fusion: P >< P -> P
level: P -> L
both: L >X L -> L
vars p : P, q : P, r : P, x : L,y :L
axioms FO: fusion(p,player) = p
F1: fusion(p,attack(q)) = attack(fusion(p,q))
F2: fusion(p,spell(q)) = spell(fusion(p,q))
LO: level(player) = one
L1: level(attack(p)) = up(level(p))
L2: level(spell(p)) = up(up(level(p)))
BO: both(x,one) = x
Bil: both(x,up(y)) = up(both(x,y))

task forall p:P, q:P, r:P :
fusion(fusion(p,q),r)=fusion(p,fusion(q,r))
induction r
case player maxpt 2 minsteps 2 maxsteps 10
case attack maxpt 4 minsteps 4 maxsteps 10
case spell maxpt 4 minsteps 4 maxsteps 10
IH maxpt 1

proof
IA: zu zeigen:
forall p:P, q:P : fusion(fusion(p,q),player)
=fusion(p,fusion(q,player))
fusion(fusion(p,q),player)
Tooolkr

IH: fixed r:P : forall p:P, q:P :
IS: zu zeigen: forall p:P, q:P : fixed r:P :

IS: zu zeigen: forall p:P, q:P : fixed r:P :
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Exercise: Unordered List

name LIST

sorts L, N,
constructors zero:

operations

vars 1:L,
axioms NO:
Ni:
AO:
Al:
RO:
R1:

LO:
L1:
Z0:

T
N
inc: N -> N
nil: L
cons: T>L->L
add: N >N ->N
append: L >} L ->L
reverse: L -> L
length: L -> N
11:L, 12:L, x:T, n:N, m:

add (m,zero)
add(m,inc(n))
append (nil, 1)

append (cons(x,11),12) =

reverse(nil)
reverse(cons(x,1))

= append(reverse(l),
length(nil)
length(cons(x,1))
length(append(11,12))

N

=m

inc(add(m,n))

1
cons(x,append(11,12))
nil

cons(x, nil))

= zero

inc(length(1))

= add(length(11),length(12))

task forall 1:L :length(reverse(l))=length(l)
induction 1
case nil maxpt 1 minsteps 1 maxsteps 10
case cons maxpt 8 minsteps 8 maxsteps 20
IH maxpt 1

proof
IA: zu zeigen:

IH: fixed 1:L :

IS: zu zeigen: fixed 1:L : forall x:T:
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Exercise: List

name LIST
sorts L, N, T
constructors zero: N
inc: N -> N
nil: L
cons: T>L->L
operations  add: N >N ->N
append: L >} L ->L
reverse: L -> L
length: L -> N
vars 1:L, 11:L, 12:L, x:T, n:N, m:N
axioms NO: add(zero,n)=n
Ni: add(inc(n),m)=inc(add(n,m))
AO: append(nil, 1) =1
A1l: append(cons(x,11),12) = cons(x,append(11,12))
RO: reverse(nil) = nil
R1l: reverse(cons(x,1))
= append(reverse(l), cons(x, nil))
LO: length(nil) = zero
L1: length(cons(x,1)) = inc(length(1))
Z0: length(append(11,12))

= add(length(11),length(12))

task forall 1:L :append(l,nil)=1
induction 1
case nil maxpt 1 minsteps 1 maxsteps 10
case cons maxpt 2 minsteps 2 maxsteps 10
IH maxpt 1

proof
IA: zu zeigen:

IH: fixed 1:L :

IS: zu zeigen: fixed 1:L : forall x:T:
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Exercise: Set

name SET
sorts S,B,N

constructors zero:
inc: N ->
emptySet:
in: N > S ->
true:
false:

operations equals: N >< N ->
single: N ->
find: N >< S ->
union: S > 'S ->
inter: S ><'8 ->
isEmpty: S ->
if: B> S >8>

vars x:N, y:N, s:S, s1:8, s2:S

axioms QO: equals(zero,zero)
Q1: equals(zero,inc(x))
Q2: equals(inc(x),zero)
Q3: equals(inc(x),inc(y))
Q4: equals(x,x)
A0: in(x,in(x,s))
Al: in(y,in(x,s))
A2: single(x)
FO: find(x,emptySet)
F1: find(x,in(y,s))

nNownnnmnwowownwn==

= true

false

false
equals(x,y)
true

in(x,s)
in(x,in(y ,s))
in(x,emptySet)
emptySet

= if (equals(x,y),single(x),find(x,s))

UO: union(s,emptySet) =s

Ul: union(emptySet,s) =s

U2: union(sl,in(x,s2)) = union(in(x,s1),s2)

U3: union(in(x,s1),s2) = in(x,union(s1,s2))

I0: inter(s,emptySet) = emptySet

I1: inter(emptySet,s) = emptySet

I2: inter(s1,in(x,s2)) = union(find(x,s1)
,inter(s1,s2))

EO: isEmpty(emptySet) = true

El: isEmpty(in(x,s)) = false

CO: if(true,sl,s2) = s1

Cil: if(false,s1,s2) = s2

Z0: in(x,inter(in(x,s1),s2)) = in(x,inter(s1,s2))

task forall s:S, t:S
induction s
case emptySet maxpt 2 minsteps 2 maxsteps 10
case in maxpt 10 minsteps 8 maxsteps 20
IH maxpt 1

: inter(union(s,t),s)=s

proof
IA: zu zeigen: forall t:S :

IH: fixed s:S :
IS: zu zeigen: fixed s:S :

forall t:S : inter(union(s,t),s)=s
forall t:S, x:N :
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Exercise: Complex

name Complex

sorts D,N

constructors alpha: D
omega: D
beta: D ->D
gamma: D ->D
zero: N
inc: N >N

operations  inv: D ->D
len D->N
con: D> D ->D

vars x : D, y : D
axioms AO: inv(alpha)=omega
Al: inv(omega)=alpha
A2: inv(beta(x))=gamma(inv(x))
A3: inv(gamma(x))=beta(inv(x))
LO: len(alpha)=inc(zero)
L1: len(omega)=inc(zero)
L2: len(beta(x))=inc(len(x))
L3: len(gamma(x))=inc(len(x))
CO: con(alpha,y)=y
C1: con(omega,y)=y
C2: con(beta(x),y)=beta(con(x,y))
C3: con(gamma(x),y)=gamma(con(x,y))

task forall x:D, y:D : len(con(x,y))=len(con(inv(x),y))

induction x
case alpha maxpt 3 minsteps 3 maxsteps 10
case omega maxpt 3 minsteps 3 maxsteps 10
case beta maxpt 5 minsteps 5 maxsteps 10
case gamma maxpt 5 minsteps 5 maxsteps 10
IH maxpt 2

proof

IA: zu zeigen: forall y:D : len(con(alpha,y))
=len(con(inv(alpha),y))

len(con(alpha,y)) {...}

S 600 Woool

= len(con(inv(alpha),y))

IA: zu zeigen: forall y:D :

IH: fixed x:D : forall y:D : .

IS: zu zeigen: fixed x:D : forall y:D :
len(con(beta(x),y))=len(con(inv(beta(x)),y))

len(con(beta(x),y)) {...}

= 500 Loood

= len(con(inv(beta(x)),y))

IS: zu zeigen: fixed x:D :
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