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1 Introduction

This is the on-line appendix of the paper “Autonomous objects and bottom-up composition in
Z0OO0 applied to a case study of biological reactivity”.

2 Structural View

Class Definitions.

CLASS ::= LigandCl | TCRCI | PTKCI | TcellCl

subCl : CLASS < CLASS O: CLASS — P, OBJ

abstractCl : P CLASS O, : CLASS — P, OBJ

rootCl : P CLASS disjoint O,

subCl = {} 0 Vel : CLASS o

abstractCl = O =0, ddUJO( (subCl™)~( {cl})))

rootCl = CLASS \ dom subCl Vel,el' : CLASS | ¢l ¢l € subCl e
OQcdCOecl

Events.

Event ::= evBindLigandAndTCR | evFreeLigandAndTCR | evPTKActive
| evPTKInactive | evInhibitPathDecay | evPositiveSignal
| evInhibitorySignal | evPosSigOff

Time and timing delays.

TIME == BindingDelay : TIME
DissociationDelay : TIME
ActivationDelay : TIME
InactivationDelay : TIMFE
InhibitPathDecay : TIME
PosSigDecay : TIME

Event timing pre-conditions feedback channel.

TCEvent == {evBindLigandAndTCR, evFreeLigandAndTCR, evPTK Active,
evPTKInactive, evPosSigOff }

EvPreEval == P TCEvent
‘ IsTrueEvPre_: P(TCFEvent x EvPreFEval)

Vtev : TCEvent; evpreEv : EvPreFval e
(IsTrueEvPre(tev, evpreEv)) < tev € evpreFv




Global pre-conditions feedback channel.

3.2

GPre ::= LigandFrLfreeToLbound | PTKFrAc

tiveToBecomingActive | TcellActFrActiveToRestingOrAnergic

| TcellPSFrOffToOnFull | TcellPSFrOnDecayToOnFull

GPreEval == P GPre

‘ IsTrueGPre_ : P(GPre x GPreEval)

‘ Y gp : GPre; gpreEv : GPreEval e (IsTrueGPre(gp, gpreEv)) < gp € gpreEv

Class Ligand

Intensional View

LigandST ::= Lfree | Lbound

evpreEval? . EvPreFval
gpreFval? : GPreFEval

(IsTrueEvPre(ev?, evpreEval?)) < ev? = evl
IsTrueEvPre(ev?, evpreEval?)
IsTrueGPre(LigandFrLfree ToLbound, gpreE
st’ = Lbound

recTm’ = now?

Liganda DoSomething == Liganda FrEFreeToB

_ Ligand _ LigandInit
st @ LigandST LigandInit]
recTm : TIME Ligand’
_ LigandInit] st’ = Lfree
now? : TIME recTm’ = now?
_ Liganda FrFree ToBound _ Liganda FrBoundToFree
A Ligand A Ligand
now? : TIME now? : TIME
ev? : Event ev? : Event

evpreEval? . EvPreFEval

(IsTrueEvPre(ev?, evpreEval?))
BindBigundArdBCIR\=ndWdsocietidmDeldijindingDelay N st = Lfree
A ev? = evFreeLigandAndTCR
al?\ st = Lbound
IsTrueEvPre(ev?, evpreEval?)
st’ = Lfree
recTm’ = now?

ound V Liganda FrBoundToFree

Ligand= DoNothing == — (pre Liganda DoSomething) A ZLigand

LigandReact == Liganda DoSomething V' Ligand=DoNothing

Extensional View

SLigand == SClass[ O LigandCl, Ligand][ sLigand/os, stLigand /oSt ]
SLigandInit == [SLigand ' | sLigand’ = @ A stLigand’ = @]

__ dSLigandN

A SLigand
Ligand’
oLigand! : @ LigandCl

oLigand! € O, LigandCl \ sLigand
sLigand’ = sLigand U {oLigand!}

stLigand’ = stLigand U {(oLigand! — 0 Ligand’)}




4.2

Sa LigandNew == 3 Ligand’ e ®SLigandN A LigandInit

— ®SLigandU
ASLigand
A Ligand
oLigand? : O LigandCl

oLigand? € sLigand

0 Ligand = stLigand oLigand?

sLigand’ = sLigand

stLigand’ = stLigand @ {(oLigand? — 0 Ligand’)}

Sa LigandReact == 3 ALigand e ®SLigandU A LigandReact

Class TCR

Intensional View

TCRST ::= Tfree | Thound

TCR _TCRInit
st TORST TCR'
st’ = Tfree
_ TCRA FrFreeToBound _ TCRA FrBoundToFree
ATCR ATCR
ev? : Fvent ev? : Fvent
evpreEval? : EvPreFval evpreEval? : EvPreFval
ev? = evBindLigandAndTCR ev? = evFreeLigandAndTCR
IsTrueEvPre(ev?, evpreEval?) IsTrueEvPre(ev?, evpreEval?)
st = Tfree N\ st’ = Thound st = Thound A st’ = Tfree

TCRA DoSomething == TCRa FrFreeToBound vV TCRa FrBoundToFree
TCR=DoNothing == — (pre TCRa DoSomething) AN ZTCR
TCRReact == TCRa DoSomething vV TCR=DoNothing

Extensional View

STCR == SClass[0 TCRCI, TCR][sTCR/os, stTCR/0St]
STCRInit = [STCR ' | sTCR' = @ A stTCR' = &

— ®STCRN

ASTCR
TCR'
oTCR!: O TCRCI

oTCR! € O, TCRCI\ sTCR
sTCR' = sTCRU {oTCR!}
stTCR' = stTCRU {(oTCR! — 0 TCR')}




SATCRNew == 3 TCR' « STCRN A TCRInit

— ®STCRU

ASTCR
ATCR
oTCR? : O TCRCI

oTCR? € sTCR
0TCR = stTCR oTCR?
sTCR' = sTCR

stTCR' = stTCR @® {(oTCR? — 6 TCR')}

SATCRReact == AATCR ¢ PSTCRU N TCRReact

Class PTK

Intensional View

PTKST ::= Inactive | BecomingActive | Active | Becominglnactive

_PTK
st : PTKST
recTm : TIME

_ PTKInitl
now? : TIME

_ PTKa FrinactiveToBecomingActive __
APTK

ev? : Bvent
now? : TIME
evpreEval? : EvPreFval
ev? = evBindLigandAndTCR
IsTrueEvPre(ev?, evpreEval?)
st = Inactive A st’ = BecomingActive

recTm’ = now?

_ PTKa FrBecomingActiveToActive
APTK

now? : TIME

ev? : Fvent

evpreEval? : EvPreEval

(IsTrueEvPre(ev?, evpreEval?))
& ev? = evPTKActive
A now? — recTm = ActivationDelay

IsTrueEvPre(ev?, evpreEval?)

st = BecomingActive \ st’ = Active

recTm’ = now?

— PTKInit
PTK'
PTKInitl

st’ = Inactive N\ recTm’ = now?

_ PTKa FrBecomingActive ToInactive __
APTK
now? : TIME
ev? : Fvent
evpreEBval? : EvPreFval
ev? = evFreeLigandAndTCR
IsTrueEvPre(ev?, evpreEval?)
st = BecomingActive A st’ = Inactive

recTm’ = now?

_ PTKa FrActiveToBecomingInactive __
APTK

ev? : Event
now? : TIME
evpreEval? : EvPreFval
gpreFval? : GPreEval

ev? = evFreeLigandAndTCR
IsTrueEvPre(ev?, evpreEval?)

IsTrueGPre( PTKFrActive ToBecomingActive,
gpreBuval?)

st = Active N\ st' = BecominglInactive

recTm’ = now?




5.2

_ PTKa FrBecomingInactive ToActive __
APTK

ev? : Fvent

now? : TIME

evpreEval? : EvPreFval

ev? = evPosSigOff

_ PTKAa FrBecominglInactive Tolnactive _
APTK

now? : TIME

ev? : Fvent

evpreEBval? : EvPreFval

(IsTrueEvPre(ev?, evpreEval?))

< ev? = evPTKInactive

IsTrueEvPre(ev?, evpreEval?)
A now? — recTm = InactivationDelay

st = BecomingInactive N st' = Active

? ?
recTm' — now? IsTrueEvPre(ev?, evpreEval?)

st = BecominglInactive A st' = Inactive

recTm’ = now?

PTKA DoSomething == PTKa Frinactive ToBecomingActive
V PTKa FrBecomingActiveToActive V PTKa FrBecomingActive Tolnactive
V PTKa FrBecomingInactiveToActive V PTKa FrActive ToBecominglnactive
V PTKa FrBecomingInactiveToInactive

PTK=DoNothing == — (pre PTKx DoSomething) AN ZPTK

PTKReact == PTKaDoSomething V PTKz=DoNothing
Extensional View

SPTK == SClass|QO PTKCI, PTK|[sPTK /os, stPTK / 0St]
SPTKInit == [SPTK ' | sPTK' = @ A stPTK' = 2]

_ ®SPTKN
ASPTK
PTK’'
oPTK!: O PTKCI

oPTK! € O, PTKCI\ sPTK
sPTK' = sPTK U {oPTK!}
stPTK' = stPTK U {(oPTK!+— 0PTK")}

SAPTKNew == 3 PTK' ¢ SPTKN A PTKInit

_ ®SPTKU
ASPTK
APTK
oPTK?: 0 PTKCI

oPTK? € sPTK
OPTK = stPTK oPTK?

sPTK' = sPTK

stPTK' = stPTK @ {(oPTK? — OPTK')}

SAPTKReact == 3APTK ¢ ®SPTKU AN PTKReact



6 Class Tcell

6.1 Intensional View

Component Activation State.

TcellActStSt ::= Resting | StandBy | TCActive | Anergic

TcellActSt
(stAct : Teell ActStSt

_ Tcell ActSta FrRestingToStandBy
A TcellActSt
ev? : Bvent
evpreFval? . EvPreFval
ev? = evPTKActive
IsTrueEvPre(ev?, evpreFEval?)
stAct = Resting
stAct’ = StandBy

_ TcellActSta FrStandByToActive
A TcellActSt
ev? : Event

ev? = evPositiveSignal
stAct = StandBy
stAct’ = TCActive

__ TcellActSta FrActiveToAnergic

_ TcellActStInit
TcellActSt’

stAct’ = Resting

_ TcellActSta FrStandByToAnergic
ATcellActSt
ev? : Fvent

ev? = evInhibitorySignal
stAct = StandBy
stAct’ = Anergic

_ TcellActSta FrActiveToResting
ATcellActSt
ev? : Bvent
gpreFval? : GPreEval
evpreFEval? . EvPreFEval

ev? = evPosSigOff
IsTrueEvPre(ev?, evpreEval?)

IsTrueGPre( TeellActFrActive ToRestingOrAnerygic,

gpreEval?)
stAct = TCActive
stAct’ = Resting

A TcellActSt

ev? : Bvent

evpreEval? : EvPreFval
gpreFval? : GPreEval

ev? = evPosSigOff
IsTrueEvPre(ev?, evpreEval?)

stAct = TCActive N stAct’ = Anergic

= (IsTrueGPre( TcellActFrActive ToRestingOrAnergic, gpreEval?))

TcellActSta DoSomething == Tcell ActSta FrRestingToStandBy
V TcellActSta FrStandByToAnergic V Tcell ActSta FrStandByToActive
V TcellActSta FrActiveToResting V Tcell ActSta FrActive ToAnergic

TcellActSt= DoNothing == — (pre Tcell ActSta DoSomething) A 2 Tcell ActSt
TcellActStReact == TcellActSta DoSomething V TcellActSt= DoNothing



Component Inhibitory Pathway.

TcellIPSt ::= IPOff | IPOnFull | IPOnDecay

_ TcelllP

stIP : TcellIPSt
recTmIP : TIME

_ TcelllPInitl

now? : TIME

_ TcellIPA FrOffToOnFull
ATcelllP

ev? : Fvent

now? : TIME
evpreFval? . EvPreFval

ev? = evPTKActive
IsTrueEvPre(ev?, evpreEval?)
stIP = IPOff A stIP’ = IPOnFull
recTmIP’ = now?

ATcelllP

ev? : Event

now? : TIME
evpreFEval? . EvPreFval

ev? = evPTKActive
IsTrueEvPre(ev?, evpreEval?)
stIP = IPOnDecay

stIP' = IPOnFull

recTmIP’ = now?

_ TcelllPA FrOnDecayToOnFull

_ TcelllPInit

TcellIP’
TcelllPInit]

stIP' = IPOff

recTmIP' = now?

_ TcellIPA FrOnFullToOnDecay
ATcelllP

ev? : Fvent

now? : TIME
evpreFval? . EvPreFval

ev? = evPTKInactive
IsTrueEvPre(ev?, evpreEval?)
stIP = IPOnFull

stIP' = IPOnDecay
recTmIP’ = now?

_ TcellIPA FrOnDecayToOff
ATcelllP
ev? : Event
now? : TIME

ev? = evinhibitPathDecay

now? — recTmIP = InhibitPathDecay
stIP = IPOnDecay N stIP' = IPOff
recTmIP’" = now?

TcelllPa DoSomething == TcellIPa FrOffToOnFull
V TcelllPa FrOnFullToOnDecay V TcelllPA FrOnDecayToOnFull

V TcellIPa FrOnDecayToOff

TcelllP= DoNothing == — (pre TcelllPA DoSomething) N ZTcelllP
TcelllPReact == TcellIPA DoSomething V TcelllP= DoNothing

Component Positive Signaling.

TcellPSSt ::= PSOff | PSOnFull | PSOnDecay

_TcellPS

stPS : TcellPSSt
recTmPS : TIME

_ TcellPSInitl

now? : TIME

_ TcellPSInit

TcellPS’
TcellPSInitl

stPS’" = PSOff

recTmPS’ = now?




_ TcellPSA FrOffToOnFull
ATcellPS
ev? : Fvent
now? : TIME
gpreEval? : GPreFval
evpreEval? : EvPreFval
ev? = evPTKActive
IsTrueEvPre(ev?, evpreEval?)

IsTrueGPre( TcellPSFrOffToOnFull,
gpreEval?)

stPS = PSOff A stPS" = PSOnFull

recTmPS’ = now?

— TcellPSA FrOnDecayToOnFull

ATcellPS

ev? : Fvent

now? : TIME

evpreFval? . EvPreFval
gpreEval? : GPreFval

ev? = evPTKActive
IsTrueEvPre(ev?, evpreEval?)

gpreEval?)
stPS = PSOnDecay
stPS’ = PSOnFull

recTmPS’ = now?

IsTrueGPre( TcellPSFrOnDecayToOnFull,

_ TcellPSA FrOnFullToOnDecay
ATcellPS
ev? : Fvent
now? : TIME
evpreEBval? : EvPreFval

V ev? = evInhibitorySignal
V ev? = evFreeLigandAndTCR
A IsTrueEvPre(ev?, evpreEval?)

stPS = PSOnFull A stPS’ = PSOnDecay

recTmPS’ = now?

_ TcellPSA FrOnDecayToOff
ATcellPS
ev? : Fvent
now? : TIME
evpreFval? . EvPreFval

(IsTrueEvPre(ev?, evpreEval?))
< ev? = evPosSigOff
A now? — recTmPS = PosSigDecay
IsTrueEvPre(ev?, evpreEval?)
stPS = PSOnDecay
stPS’ = PSOff

recTmPS’ = now?

TcellPSa DoSomething == TcellPSA FrOffToOnFull
V TcellPSa FrOnFullToOnDecay V TcellPSa FrOnDecayToOff

TcellPSz DoNothing == — (pre TcellPSx DoSomething) A ETcellPS
TcellPSReact == TcellPSx DoSomething V TcellPS=DoNothing

Tcell composition of orthogonal states.

_Tecell
TcellActSt
TcelllP
TcellPS

_ Tcelllnit]
TeelllPInit]
TcellPSInit]l

Tcelllnit
TcellActStInit
TcellIPInit
TcellPSInit

TcellReact == TcellActStReact N TcelllPReact N\ TcellPSReact

6.2 Extensional View

STcell == SClass|O TcellCl, Tcelll[sTcell/ os, stTcell/ 0S5t
STcelllnit == [STcell ' | sTcell’ = @ A stTcell’ = @]

ev? = evPTKInactive A IsTrueEvPre(ev?, evpreEval?)



__®STcellN
AS Tcell
Tcell’
oTcell! : O TcellCl

oTcelll € O, TeellCl\ sTcell
sTcell' = sTeell U {oTcell}
stTeell’ = stTcell U {(oTcelll — 0Tcell’)}

Sa TcellNew == 3 Tcell’ @ ®STcellN N Tcelllnit

__®STcellU
ASTecell
ATcell
oTcell? : O TcellCl

oTcell? € sTcell

0 Tcell = stTcell oTcell?

sTcell' = sTcell

stTcell’ = stTeell ® {(oTcell? — OTcell’)}

SaA TcellReact == A Tcell @ ®STeellU N TeellReact

Relational View

ABind == [rBind : OLigandCl — QTCRCI]
ABindInit == [ABind ' | rBind' = o]

_ABindAdd _ABindDel
AABind AABind
oLigand? : OLigandCl oLigand? : OLigandCl
oTCR? : OTCRCI oTCR? : OTCRCI
ev? : Fvent ev? : Event
ev? = evBindLigandAndTCR ev? = evBindLigandAndTCR
rBind’ = rBind U {(oLigand? — oTCR?)} | rBind' = rBind \ {(oLigand? — oTCR?)}

ABindDoSomething == ABindAdd vV ABindDel
ABindDoNothing == — (pre ABindDoSomething) N ZABind
ABindReact == ABindDoSomething V — (pre ABindDoSomething) A ZA Bind

Alnteract == [rInteract : OTCRCl — QPTKCI|
AlnteractInit == [Alnteract ' | rInteract’ = 2|

__AlnteractAdd
AAInteract

oTCR? : OTCRCI
oPTK? : OPTKCI

rinteract’ = rinteract U {(oTCR? — oPTK?)}




AlnteractReact == ZAlInteract

AltsTCR == [rltsTCR : QTcellCl — OTCRCI

AltsTCRInit == [AltsTCR ' | rItsTCR' = o]

]

__AltsTCRAdd
AATtsTCR

oTCR? : OTCRCI
oTecell? : OTcellCl

rItsTCR' = rltsTCR U {(oTcell? — oTCR?

)}

AltsTCRReact == =AIltsTCR

AltsPTK == [rItsPTK : O TcellCl — QPTKCI)
AltsPTKInit == [AltsPTK ' | rltsPTK' = o]

_ AItsPTKAdd
AATtsPTK

oPTK? : OPTKCI
oTcell? : OTcellCl

ritsPTK' = rltsPTK U {(0Tcell? — oPTK?)}

ATtsPTKReact == ZEAItsPTK

Global View

_ LinkABind
SLigand
STCR
ABind

mult(rBind, sLigand, sTCR, z0z0,{},{})

_ LinkATtsTCR
STCR

STecell
AltsTCR

mult(rltsTCR, sTcell, sTCR, oo,{},{})

SysConst == LinkABind N LinkAInteract

_ LinkAInteract
STCR

SPTK
Alnteract

mult(rinteract, sTCR, sPTK , 00,{},{})

_ LinkAItsPTK
SPTK

STecell
AltsPTK

mult(rltsPTK , sTcell, sPTK , oo, {},{})

A LinkAltsTCR N LinkAltsPTK

__ System
SLigand; STCR; SPTK; STcell
ABind; Alnteract; AltsTCR; AltsPTK

SysConst

10



SysInit == System’ A SLigandInit AN STCRInit AN SPTKInit A STcelllnit
A ABindInit A Alnteractinit N AltsTCRInit A AltsPTKInit

U SysCreateLigand == ASystem N =ZSTcell N ESTCR N ESPTK N ZABind
A ZAInteract N ZAltsPTK N ZATItsTCR

SysCreateLigand == W SysCreateLigand N Sa LigandNew

W SysCreateTcell == ASystem N\ ZSLigand N EABind

SysCreateTcell == U SysCreateTcell N SA TcellNew N SA PTKNew AN SA TCRNew
A AItsTCRAdd[oTCR!/oTCR?, 0Tcelll /o Tcell?]
A AItsPTKAdd[oPTK!/oPTK?, 0Tcell!/ o Tcell?]
A AlnteractAdd[oPTK!/oPTK?, 0oTCR!/oTCR?]

_ GPreLigandFrLfree ToLbound

STcell

STCR

AltsTCR

oTcell? : O TeellCl
gpreFval? : GPreEval

(IsTrueGPre(LigandFrLfreeToLbound, gpreEval?))
< oTcell? € sTeell N (stTCR(rItsTCR oTcell?)).st = Tfree

__ GPrePTKFrActiveToBecomingActive

STcell

SPTK

oTcell? : O TeellCl
gpreFval? : GPreEval

IsTrueGPre( PTKFrActive ToBecomingActive, gpreEval?)
& (stTeell 0Tcell?).stPS = PSOnFull V (stTcell oTcell?).stPS = PSOnDecay

__ GPreTcellActFrActiveToRestingOrAnergic

AltsPTK

SPTK

STcell

oTcell? : O TcellCl
gpreEval? : GPreFval

IsTrueGPre( TcellActFrActive ToRestingOrAnergic, gpreEval?)
< oTcell? € sTeell A (stPTK (rltsPTK oTcell?)).st = Inactive

— GPreTcellPSFrOffToOnFull

AltsTCR

STCR

STcell

oTcell? : O TcellCl
gpreEval? : GPreFEval

IsTrueGPre( TcellPSFrOffToOnFull, gpreEval?)
< oTcell? € sTcell N (stTCR(rItsTCR oTcell?)).st = Tbound
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— GPreTcellPSFrOnDecayToOnFull
AltsTCR
STCR
STcell
oTcell? : O TcellCl
gpreEval? : GPreFval

IsTrueGPre( TcellPSFrOnDecayToOnFull, gpreEval?)
< oTcell? € sTeell A (stTCR(rItsTCR oTcell?)).st = Thound

—_ ConnSysReact
AltsTCR; AltsPTK; ABind
STCR; STcell; SLigand
oTcell? : O TeellCl
oPTK?: 0 PTKCI
oTCR? : O TCRCI
oLigand? : O LigandCl

oTcell? € sTcell A oLigand? € sLigand
oTCR? = rltsTCR oTcell? N oPTK? = rltsPTK oTcell?

SysObjectsReact == Sa LigandReact AN Sa TcellReact A SA PTKReact N Sap TCRReact
A ABindReact A AlnteractReact A AltsPTKReact A AltsTCRReact \ (evpreEval?)

SysReactDoSomething == ASystem A SysObjectsReact N ConnSysReact
A GPreLigandFrLfree ToLbound N GPrePTKFrActive ToBecomingActive
A GPreTcellActFrActive ToRestingOrAnergic A GPreTcellPSFrOffToOnFull
A GPreTcellPSFrOnDecayToOnFull \ (oTCR?,0PTK?, oLigand?, oTcell?, gpreEval?)

SysReactDoNothing == — (pre SysReactDoSomething) A ZSystem
SysReact == SysReactDoSomething \ SysReactDoNothing

Z00 Toolkit
[0BJ]

—_SClass [0S, OST]
os : P OS
oSt : OS +~ OST

dom 0S5t = os

MultTy ::= mm | mo | om | mzo | zom | oo | zozo | zoo | 0zo | ms | sm | ss
| so | 0s | szo | zos
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:[X’ Y]
mult_:P((X o Y)xPX xPY x MultTy x FN x FN)

Vr:

Vr:

Vr:

Vr:

Vr:

Vr:

Vr:

Vor:

Vr:

Vr:

Vr:

Vr:

XeoVisr:PX; sy:PY; s1,50:FNe
(mult(r, sz, sy, mm, s1,82)) & 1 € ST <> SY
XeoVsx:PX; sy:PY; s1,50:FNe
(mult(r, sz, sy, mo, s1,82)) < r € sx — sy
XeoVsx:PX; sy:PY; s1,50:FNe
(mult(r, sz, sy, om, s1, 82)) < r~ € sy — sz
XeoVY;sx:PX; sy:PY; s1,50:FNe
(mult(r, sz, sy, mzo, s1, 82)) < r € ST + sy

X o Visx:PX; sy:PY; s1,90:FNe

(mult(r, sz, sy, zom, $1, 82)) < ™~ € sy + ST

X o Visx:PX; sy:PY; s1,90:FNe

(mult(r, sz, sy, 00, 81, 82)) & 1 € ST —» 8y

X oV, sx:PX; sy:PY; s1,90:FNe

(mult(r, sz, sy, 2020, s1, $2)) < 1 € ST = sy

X o Vsx:PX; sy:PY; s1,90:FNe

(mult(r, sz, sy, z00, s1, $2)) < T € sT — SY
X VY st:PX; sy:PY; s1,50:FNe
(mult(r, sz, sy, 0z0, 51, 82)) & 17~ € sy — ST
X VYisr:PX; sy:PY; s1,50:FNe
(mult(r, sz, sy, ms, s1, $2)) < (mult(r, sz, sy, mm, s1, $2))

A(Vz:domre#({z}<r) e s)
XeoVY;,sxt:PX; sy:PY; s1,50:FNe
(mult(r, sz, sy, sm, s1, s2)) < (mult(r, sz, sy, mm, s1, s2))

ANy:ranr e #(r>{y}) € s1)
XV st:PX; sy:PY; s1,50:FNe
(mult(r, sz, sy, ss, 81, $2)) < (mult(r, sz, sy, ms, s1,{}))

A (mult(r, sz, sy, sm, s2,{}))
XeoVY;sx:PX; sy:PY; s1,50:FNe
(mult(r, sz, sy, so, $1, 82)) < (mult(r, sz, sy, mo, s1, $2))

A (mult(r, sz, sy, sm, s1, $2))
XeoVY;sx:PX; sy:PY; s1,520:FNe
(mult(r, sz, sy, 0s, s1, $2)) < (mult(r, sz, sy, om, {},{}))

A (mult(r, sz, sy, ms, s1,{}))
XeoVsx:PX; sy:PY; s1,50:FNe
(mult(r, sz, sy, szo, s1, $2)) < (mult(r, sz, sy, mzo, {},{}))

A (mult(r, sz, sy, sm, s1,{}))
XeoVisxr:PX; sy:PY; s1,50:FNe
(mult(r, sz, sy, zos, $1, $2)) < (mult(r, sz, sy, zom, {},{}))
A (mult(r, sz, sy, ms, s1,{}))
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