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Alweer een hele tijd geleden, het zal ergens in de eerste helft van de jaren negentig ge-

weest zijn, maakte ik met een stel collega’s een flinke wandeling door de duinen van

Egmond en Schoorl. Een van die collega’s zat sinds een paar jaar in Japan, maar het

was een soort traditie geworden om een flinke wandeling te maken als hij weer eens

terug kwam in Nederland. Aan het einde van die wandeling haalde hij ineens een stapel

cadeautjes tevoorschijn: Japanse puzzelboekjes. Onze eerste reactie was: wat moeten wij

daar nou mee, wij lezen toch geen Japans? Omgekeerd zal een Japanner toch ook niet echt

blij te maken zijn met een boekje vol met Nederlandse kruiswoordraadsels.

A long time ago, probably sometime in the early 1990s, I took a long walk through the

dunes of Egmond and Schoorl with a group of colleagues. One of those colleagues had

been in Japan for a few years, but it had become something of a tradition to take a long

walk whenever he returned to the Netherlands. At the end of that walk, he suddenly

pulled out a stack of presents: Japanese puzzle books. Our initial reaction was: what are

we supposed to do with that? We don’t read Japanese anyway. Conversely, a Japanese

person wouldn’t be exactly thrilled with a book full of Dutch crosswords either.
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▶ Termination of Rewriting: Interpretation and

Type Elimination

JSC 1994243
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Definitions

given non–empty set S of sorts

▶ signature F is S –sorted if every n-ary function symbol f ∈ F is equipped with sort

declaration α1 × · · · × αn → α where α1, . . . , αn, α ∈ S
▶ set of variables V is partitioned into countably infinite sets Vα for every sort α ∈ S
▶ set TS(F ,V) of well–typed terms is union of Tα(F ,V) for α ∈ S

▶ Vα ⊆ Tα(F ,V)
▶ f(t1, . . . , tn) ∈ Tα(F ,V) whenever f ∈ F has sort declaration α1 × · · · × αn → α and

t i ∈ Tα i(F ,V) for all 1 ⩽ i ⩽ n

▶ if t ∈ Tα(F ,V) then t has sort α

▶ many–sorted TRS R consists of S –sorted signature and rewrite rules between well–typed

terms of equal sort

▶ Θ(R) is TRS obtained from many–sorted TRS R by forgetting sorts
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Example

▶ TRS

0 + y → y nil ++ z → z

s(x) + y → s(x + y) c(x, y) ++ z → c(x, y ++ z)

▶ compatible sort declarations

0 : N s : N → N + : N × N → N nil : L c : N × L → L ++ : L × L → L

▶ well–typed terms

s(s(0)) c(s(0), c(0,nil)) c(s(0),nil ++ nil)

▶ ill–typed terms

s(s(nil)) c(s(0), c(0,0)) c(s(0), s(0) ++ nil)
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Definition

property P of many–sorted TRSs is persistent if

R satisfies P ⇐⇒ Θ(R) satisfies P

Example

many–sorted TRS R f(a,b, x) → f(x, x, x) g(y, z) → y g(y, z) → z

with sorts {α, β} and sort declarations

a, b : α f : α× α× α → α g : β × β → β

is terminating but Θ(R) is not terminating:

f(g(a,b),g(a,b),g(a,b)) f(a,g(a,b),g(a,b)

f(a,b,g(a,b))
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Theorem

termination is persistent for TRSs that do not contain both collapsing and duplicating rules
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▶ Takahito Aoto JFLP 2001

Example

▶ TRS

f(g(a),g(b), x) → f(x, x, x)

g(x) → x

▶ sorts {α, β} and sort declarations

a, b : α g : α → α

f : α× α× α → β

▶ x : α
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Definition

property P of ARSs is component–closed if

ARS ⟨A,→⟩ satisfies P ⇐⇒
ARS ⟨A,→ ∩ (Ca × Ca)⟩ with Ca = {b | a ↔∗ b} satisfies P for all a ∈ A

Remark

almost all properties of interest (SN, CR, UNC, GCR, . . . ) are component–closed

Theorem (Zantema)

every component–closed persistent property is modular

3 September 2025 1. Hans Zantema 17/100



Definition

property P of ARSs is component–closed if

ARS ⟨A,→⟩ satisfies P ⇐⇒
ARS ⟨A,→ ∩ (Ca × Ca)⟩ with Ca = {b | a ↔∗ b} satisfies P for all a ∈ A

Remark

almost all properties of interest (SN, CR, UNC, GCR, . . . ) are component–closed

Theorem (Zantema)

every component–closed persistent property is modular

3 September 2025 1. Hans Zantema 17/100



Definition

property P of ARSs is component–closed if

ARS ⟨A,→⟩ satisfies P ⇐⇒
ARS ⟨A,→ ∩ (Ca × Ca)⟩ with Ca = {b | a ↔∗ b} satisfies P for all a ∈ A

Remark

almost all properties of interest (SN, CR, UNC, GCR, . . . ) are component–closed

Theorem (Zantema)

every component–closed persistent property is modular

3 September 2025 1. Hans Zantema 17/100



▶ Jaco van de Pol MSc thesis 1993

Theorem

component–closed modular properties of

many–sorted TRSs with finitely many sorts

are persistent
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▶ equational termination LFCS 1997

Theorem

AC termination is persistent for TRSs that

do not contain both collapsing and

duplicating rules
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WST 2004

▶ Relative Termination in Term Rewriting

I&C 200761

▶ w/ Alfons Geser, Dieter Hofbauer

Johannes Waldmann

Tree Automata that Certify Termination of

Term Rewriting Systems

▶ Salvador Lucas

Polynomials over the Reals in Proofs of

Termination

▶ three system descriptions

(AProVE, TTT, MuTerm)

▶ Torpa wins SRS category of TermComp

2004 and 2005
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▶ afscheidscollege (9 September 2022)

Het onderzoek in termherschrijven maakte ook zijn ontwikkelingen door. In de jaren

negentig lag bij het ontwikkelen van technieken om bijvoorbeeld terminatie te bewijzen,

de nadruk puur op de theorie: je beschreef een nieuwe techniek, gaf er enkele voor-

beelden bij, en een artikel daarover kon je publiceren. Rond 2003 kwam de lat een

stuk hoger te liggen: er werden tools ontwikkeld waarmee terminatiebewijzen automa-

tisch gegeven konden worden, en een data base aan herschrijfsystemen waar je die

tools op los kon laten. En jaarlijks was er een competitie, een wedstrijd waar gekeken

werd hoe goed die tools scoorden op de voorbeelden uit die data base. Vanaf dat mo-

ment kwam je met een nieuwe techniek alleen maar weg als je die in een tool imple-

menteerde, en dat tool daarmee goed scoorde in die competitie. Beperkt tot de categorie

van stringherschrijfsystemen heb ik hier ook aan mee gedaan, en enkele keren gewonnen.

Gedurende enkele jaren maakten die tools voor het automatisch bewijzen van terminatie

van termherschrijfsystemen enorme ontwikkelingen door. Vanaf 2008 waren die tools min

of meer uitontwikkeld, en kwamen er niet veel nieuwe technieken meer bij. De mensen in

dit vakgebied verlegden hun aandacht naar andere, vaak verwante onderwerpen.
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▶ valedictory lecture (9 September 2022)

Research in term rewriting also evolved. In the 1990s, when developing techniques for

proving termination, for example, the focus was purely on theory: you described a new

technique, provided some examples, and could publish an article about it. Around 2003,

the bar was raised considerably: tools were developed that could automatically provide

termination proofs, and a database of rewriting systems on which you could apply these

tools. And there was an annual competition, a contest where the tools’ scores on the

examples from that database were assessed. From that point on, you could only get away

with a new technique if you implemented it in a tool, and that tool scored well in that

competition. I also participated in this, limited to the category of string rewriting systems,

and won a few times. For several years, the tools for automatically proving termination

of term rewriting systems underwent enormous developments. By 2008, these tools had

more or less reached their full development stage, and not many new technologies were

being developed.
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WST 2006

▶ Termination of Extended String Rewriting

RTA 200764

▶ w/ Claude Marché:

The Termination Competition 2006

▶ Frédéric Blanqui

Higher–Order Dependency Pairs

▶ Naoki Nishida

Dependency Graph Method for Proving

Termination of Narrowing

▶ Frédéric Blanqui et al

CoLoR: A Coq Library on Rewriting and Termination

3 September 2025 2. WST & IWC WST 2006 Seattle 39/100
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WST 2006

▶ Termination of Extended String Rewriting

LOPSTR 2009

▶ w/ Claude Marché:

The Termination Competition 2006

▶ Frédéric Blanqui

Higher–Order Dependency Pairs

▶ Naoki Nishida

Dependency Graph Method for Proving

Termination of Narrowing
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WST 2007

▶ w/ Adam Koprowski:

SOFSEM 200810

Certification of Matrix Interpretations in Coq

▶ w/ Claude Marché, Johannes Waldmann:

The Termination Competition 2007

▶ Johannes Waldmann

Arctic Termination
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WST 2007

▶ w/ Adam Koprowski:
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WST 2009

▶ Combinatorial Problems by Termination

of Rewriting

JAR 2023

Example

SRS h11 → 1h 1s → s1 bt → bh

11hb → 11sb 1t → t111

h1b → t11b bs → bh

models Collatz problem

▶ Karel Chvalovský

Derivational Complexity of

{aa → bc, bb → ac, cc → ab}

3 September 2025 2. WST & IWC WST 2009 Leipzig 43/100
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WST 2009

▶ Combinatorial Problems by Termination

of Rewriting

Mathematical Notes 2012

Example

SRS h11 → 1h 1s → s1 bt → bh

11hb → 11sb 1t → t111

h1b → t11b bs → bh

models Collatz problem

▶ Karel Chvalovský
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WST 2009

▶ Combinatorial Problems by Termination

of Rewriting

IPL 2006

Example

SRS h11 → 1h 1s → s1 bt → bh

11hb → 11sb 1t → t111

h1b → t11b bs → bh

models Collatz problem

▶ Karel Chvalovský

Derivational Complexity of

{aa → bc, bb → ac, cc → ab}
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WST 2009

▶ Combinatorial Problems by Termination

of Rewriting

JAR 2008211

Example

SRS h11 → 1h 1s → s1 bt → bh

11hb → 11sb 1t → t111

h1b → t11b bs → bh

models Collatz problem

▶ Karel Chvalovský

Derivational Complexity of

{aa → bc, bb → ac, cc → ab}
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WST 2009

▶ Combinatorial Problems by Termination

of Rewriting

SOFSEM 2010

Example

SRS h11 → 1h 1s → s1 bt → bh

11hb → 11sb 1t → t111

h1b → t11b bs → bh

models Collatz problem

▶ Pierre Courtieu, Gladys Gbedo, Olivier Pons

Matrix Interpretations Revisited
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2025 Leipzig Leipzig

3 September 2025 2. WST & IWC WST 2009 Leipzig 44/100



WST 2010

▶ Length Preserving String Rewriting with

Exponential Derivation Length

Example

SRS 0b → cb 0c → 10 1c → c0

has exponential derivation length

▶ Dieter Hofbauer, Johannes Waldmann

Match–Bounds for Relative Termination

▶ Freidrich Neurauter, Aart Middeldorp

Polynomial Termination over N and R does not imply Polynomial Termination over Q

3 September 2025 2. WST & IWC WST 2010 Edinburgh 45/100
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WST 2012

▶ Christian Sternagel, René Thiemann

JAR 2017

A Relative Dependency Pair Framework
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IWC 2012

▶ Automatically Finding Non–Confluent

Examples in Abstract Rewriting

MSCS 20184
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IWC 2012

▶ Automatically Finding Non–Confluent

Examples in Abstract Rewriting

LMCS 20138
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IWC 2012

▶ Bertram Felgenhauer

RTA 2013

A Proof Order for Decreasing Diagrams

▶

four tool presentations (ACP, CSI, Saigawa, CeTA)
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systemen online los kunt laten; in de terminatiewereld heb ik nooit iets gezien dat qua

bruikbaarheid hierbij in de buurt kwam.

By the way, I am impressed how easily in cocoweb you can can use tools on such systems

online; in the termination world I’ve never seen anything that came close in terms of

usability.
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1993 St. Andrews 2013 Bertinoro Eindhoven

1995 La Bresse 2014 Vienna Vienna

1997 Ede 2015 Berlin

1999 Dagstuhl 2016 Obergurgl Obergurgl

2001 Utrecht 2017 Oxford

2003 Valencia 2018 Oxford Oxford

2004 Aachen 2019 Dortmund

2006 Seattle 2020 Paris

2007 Paris 2021 Pittsburgh Buenos Aires

2009 Leipzig 2022 Haifa Haifa

2010 Edinburgh 2023 Obergurgl Obergurgl

2012 Obergurgl Nagoya 2024 Tallinn

2025 Leipzig Leipzig
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IWC 2021

▶ Alexander Lochmann, Fabian Mitterwallner, Aart Middeldorp

CoCo 2021 Participant: FORTify 1.1

the steering committee of the

14th Confluence Competition
awarded

FORTify by Fabian Mitterwallner, Aart Middeldorp

the

Second Place in the CERTIFICATION category

Leipzig, 2 September 2025
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▶ Christina Kohl, Aart Middeldorp

CPP 2023

Development Closed Critical Pairs:

Towards a Formalized Proof

distinguished paper award
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WST 2022

▶ Nao Hirokawa, Aart Middeldorp

LMCS 2025

Hydra Battles and AC Termination

▶ challenge for termination tools
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WST 2022

▶ Nao Hirokawa, Aart Middeldorp
A(n, i(h)) → A(s(n), h)

A(n, i(h | x)) → A(s(n), i(x))

A(n, i(x)) → B(n,D(s(n), i(x)))

C(0, x) → E(x)

C(s(n), x) → x |C(n, x)
i(E(x) | y) → E(i(x | y))

i(E(x)) → E(i(x)) AC( | )
D(n, i(i(x))) → i(D(n, i(x)))

D(n, i(i(x) | y)) → i(D(n, i(x)) | y)
D(n, i(i(h | x) | y)) → i(C(n, i(x)) | y)

D(n, i(i(h | x))) → i(C(n, i(x)))

D(n, i(i(h) | y)) → i(C(n, h) | y)
D(n, i(i(h))) → i(C(n,h))

B(n, E(x)) → A(s(n), x)
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▶ challenge for termination tools
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IWC 2023

▶ Takahito Aoto et al

A New Format for Rewrite Systems
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WST 2023

▶ Fabian Mitterwallner, Aart Middeldorp

René Thiemann

LICS 2024

Linear Termination over N is Undecidable

▶ Dieter Hofbauer

MultumNonMulta entering Term Rewriting

LT =⇒ PT =⇒ ωT =⇒ TT =⇒ ST =⇒ SN
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IWC 2024

▶ Ievgen Ivanov

FSCD 2025

On Non–Triviality of the Hierarchy of

Decreasing Church–Rosser Abstract

Rewriting Systems
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Workshops (Selection)

▶ HOR ▶ IWC ▶ WPTE ▶ WST

International Workshop on Confluence

▶ established in 2012 (29 May, Nagoya)

▶ permanent website: http://cl-informatik.uibk.ac.at/iwc/

▶ friendly workshop with clear bylaws and steering committee

Bylaws

1 The International Confluence Workshop (IWC) is an annual workshop.

2 IWC has a steering committee (SC) consisting of two members. Each SC member serves for

five consecutive workshops.

3 Each IWC has two program committee (PC) chairs. Each PC chair serves two consecutive

workshops.
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Bylaws (cont’d)

4 PC chairs are responsible for the program (invited speakers, web site, publicity) and carry

the sole financial responsibility. The PC chairs select the other PC members.

5 IWC is an informal workshop without formal (post)proceedings.

6 Reviewing of submitted papers is done by the PC. Reviews should be fair and constructive.

An effort should be made to accommodate all submitted papers that are not incorrect and in

scope of the workshop.

7 The SC decides the location of the IWC to take place in the next year and appoints one new

PC chair to replace the PC chair that served two terms. SC members cannot be PC chair.

8 The SC assists the PC chairs with tasks like workshop proposal writing (when IWC is to

collocate with a conference) and coordination with the confluence competition (CoCo). The

SC is responsible for archiving the (informal) workshop proceedings.

9 Any modification of the bylaws should be proposed to the SC four weeks before the

workshop and ratified at the meeting.
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Competitions (Selection)

▶ CASC ▶ CoCo ▶ termCOMP
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Competitions (Selection)

▶ CASC ▶ CoCo ▶ termCOMP

Confluence Competition

▶ established in 2012 (29 May, Nagoya)

▶ permanent website: https://project-coco.uibk.ac.at/

▶ friendly competition with clear bylaws

Bylaws

1 The steering committee (SC) is responsible for all affairs concerning the confluence

competition:

▶ deciding the date and location of the next competition,

▶ deciding the categories in the next competition,

▶ selecting panel members (who provide secret digits that determine the problems selected

for the next competition),
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▶ deciding the categories in the next competition,

▶ selecting panel members (who provide secret digits that determine the problems selected

for the next competition),
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Bylaws (cont’d)

1 ▶ running the live competition and exporting the results,

▶ collecting one-page tool descriptions for inclusion in the proceedings of IWC,

▶ performing a full run with corrected tools within one month of the live competition and

exporting the tools to CoCoWeb,

▶ maintaining the infrastructure of the confluence competition, including COPS and

CoCoWeb,

▶ publicity.

2 SC members must have been involved in a tool that participated in a past competition.

3 SC members can serve at most two consecutive terms. A term consists of four consecutive

competitions.

4 The SC selects its own chair.

5 Decisions in the SC (if not by global agreement) are by simple majority vote. In case of a

draw the chair decides.
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SOME (RANDOM) REMARKS

➜ rules of the competition ?

➜ what is the aim of the termination competition ?

➜ who will win next year’s competition ?

➜ why should

Cime, Matchbox, MultumNonMulta, TEPARLA, TPA, TTT, TTTbox, . . .

participate ?

➜ new TPDB problems ?

➜ termtools mailing list not working:

no discussion, no agreement, no archive =⇒ no change

BUSINESS MEETING WST 2006, SEATTLE
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3. Hans Zantema

4. Workshops and Competitions
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