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Examples [ffi /il 55X

H—> Examples {CHHES A H 52 RASR . P A ALT, HMHEER. Bl PAR NS AGHAS; ATEER HE
B Maple worksheet Hiza47., 3 HFEARE, HFEBN currentdir(...) —f7.

OneStepReduction Hfi] v(0) FRILAFERIIK xvars Wix/a— NS IAZRIAE 0, B subs(zvars[-1] =
0,v); ANRILFEMERE— T REEIULE.
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» g0 A » ‘\
1 2% WAL LRI
L1 EHEA
R EATOMEREEH 5, filn:
C:/QSAlgorithmFF_release_v3_6_0/

1E Maple 217!

restart:
# XY Naple LEFHER. HRPEFRE.

currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
# VB KATAM E F; Windows HA2EPE ] IE 44T,

read "load_all.mpl":
# HARBURF RN LML CHERF QSFullFF A3E[TH .

QSFullFF:-Version();
# iR E release 3.6.0 W AFHE,

1.2 B SIS E
FEFP AL 2
K = Frac(Q[t1,...,tm]/P), R=Klzy,...,Zn],

Hop P b BRI MIALBAT f e RV, Hiih U € GLy(R), #2 fU =ei1.

Parameter Type / Allowed values Meaning
row0 JE7E list WAAT ZHRLIUET Klzvars], rREAGES 20
xvars0 AP list ZIAAS T W e i A R KT .
tvars0 ZH list A SE, WS xvars0 AR,
Pgens0 ZIiR, 1ist/set P C Q[tvars] B4 IT; JEZERFLAZ1 proper H.
prime,
timeLimit IE#%E) infinity SEREN TR R BRI, BRATC AL
printLog Boolean FTEBY B 1o I FE IS ] o
useHeuristics Boolean ME— P ] RIS T 9% .
localMethod "horrocks", "residue", BN R A B SR T
"search", "auto"
printBranches Boolean MBI di 5 Uy, AT
LocalLoop/OneStep.

1.3 MBrBe5k
KNI D B PATIINY T, RIGA A BT
1. ValidateFunctionField: ¥#748& . H % . properness fll primality.
2. UnimodularRowData: ik ATT LM, HATE— MRG0 ikt BRI st E—k.
3. #d CompleteRow:
(1) FEHREER: KE—. KE_Z., 4R, UK E CompleteRowKx;
(2) HeuristicCompletionData: —AMEH ., W RN E A FREF;
(3) JAAAXRWIEIA OneStepReduction %L IERML. AFHIFEK . JHEIEIS. Patch;
(4) %t OneStep B9 H #4769 CompleteRow.



QSAlgorithmFF release 3.6.0 Maple KUgHER) GEIHE5H4R)

4. Final verification: MRT7 UM TN 170 AR FE S H Akt

PRE AL

o FUCE R, PRI KR~ 41 150 BB IS AR ARt SO L. Weierstrass
fallback. A ¥if%#%. Kilfi ReduceDegreeData, Grobner/IEMIELZE4E. Horrocks—Suslin, residue/resultant, [H 3l
patch 43E1f1 quotient-safety FEfEI{% .

1.4 G

QSFullFF:-CompleteRow

“—- QSFullFF:-CompleteRowData LA FF $ 3B AR ]
|-- 1. QSFullFF:-ValidateFunctionField
|--— 2. QSFullFF:-UnimodularRowData
|-- 3. CompleteRowRecursiveData [P 3% 4% 0]
| |-- (0)QSFullFF:-CompleteRowKx

|--= (1) QSFullFF:-HeuristicCompletionData

|-- (2) OneStepReductionCoreData

| |-- QSFullFF:-NormalisationStep

| | -— QSReduceFF:-ReduceDegreeData

| |-- QSFullFF:-LocallLoopData

| | |-- QSFullFF:-MaximalIdealData (IAFF W3]

| | | “-- internal MaximalIldealContainingOverK

| | “—— QSFullFF:-0OnelocalSolData

| | “-- horrocks / residue / search / auto

| “-- QSFullFF:-PatchData

“-- (3) CompleteRowRecursiveData(target,n-1 vars)

-- 4. QSFullFF:-VerifyCompletionFullData/FastData

SN kR TR )

F 5 ¢ | QSFullFF:-MaximalIdealData 3 f P ATV Fl BB 115 B3R WAL BT . B8 2E ot . A
XHAERCRIBAE TG . LocalLoop AN TRCR KR AMOUT, PIL i A2 A QSLocalLoopFF: -Maximalldea
1ContainingOverK. W& I —KEMERIE, HREIEAAMH.




2 DUZAT. SR 3% TRy

2.1 QSFullFF:-CompleteRow

CompleteRow

HE IR I S UER) Quillen—Suslin SERRHIFA

Calling Sequence Parameters Description Program Hierarchy Return Value Examples Compatibility See Also

Calling Sequence

QSFullFF:-CompleteRow(
row0,xvars0,tvars0,Pgens0,
'timeLimit'=infinity,
'printLog'=false,
'useHeuristics'=true,

'localMethod'="horrocks"

Description
IANZH %R N CompleteRowData, HiR[F| Datal"U"]. K%l keyword Bt ; I EEIAUE S WU AN IR [R5 46 5 o

Program Hierarchy

Program Hierarchy

AFFA M : QSFullFF:-CompleteRow, [i% F4¢: QSFullFF:-CompleteRowData. ELIE[¥ifIA1%.[»2 QSAlgorithmFF N#FHY CompleteRowR

ecursiveData,

Return Value
p X p Maple Matrix U, /2 fU =e1.

Examples

restart:

# FERYH Maple £ .
currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
# YIHERR)F A .

read "load_all.mpl":

# BRNFIA S,

unassign('x','y','a','b','xvars', 'tvars', 'Pgens', 'row','U','V'):

# HBABE R BEE,

xvars := [x,y]:
# ZWALE; y RUNKELE,
tvars := [a,b]:

# ZRBESH

Pgens := [a”2+b"2]:

# K=Frac(Q[a,b]/(a"2+b"2)).
row := [b¥y+1,x+a,x*y+b]:

# FEREMW Kix,y] FKEZAT.

U := QSFullFF:-CompleteRow(row,xvars,tvars,Pgens,
'timeLimit'=600,
# EIRE 600 .
'printLog'=true,
# ATET O B R
'useHeuristics'=false,

# BT R RN &, BRELSTEHTE.
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'localMethod'="horrocks"
# J5#0 5 #{# | Horrocks--Suslin,

# M FHRARIE,
V["success"];

# MR E true,
V["row_times_U_mod_P"];
# JRE [1,0,0],

V := QSFullFF:-VerifyCompletionFullData(row,U,xvars,tvars,Pgens):

Compatibility

AAYXT R, QSAlgorithmFF release 3.6.0, HARMSFTIEE N Maple 2025, 4544 . BRIMH. IR WA A ¢ R R AT IR TS 1A .

See Also

CompleteRowData, HeuristicCompletionData, OneStepReduction,

2.2 (QSFullFF:-CompleteRowData

CompleteRowData

PATIUBY B B 5L IR 0 50 8 3 Y B

Calling Sequence Parameters Description Program Hierarchy Return Value Examples Compatibility See Also

Calling Sequence
5 CompleteRow H[i].

Description

JERIE P, FRIRIE XM PO ST R L AETEARY AT, 2 Rl S AR AR B T . 3 H SE RS T AR A IR AL

Program Hierarchy

Program Hierarchy

X RATFEIER . HEENBIKI N ValidateFunctionField. UnimodularRowData. N7 CompleteRowRecursiveData FlixZ&X i, 1#I94%
IDAEHEEZ M4 Grobner Fi.

Return Value

Key / Value

Meaning

Data["U"]
Data["input_validation"]
Data["unimodularity_data"]
Data["heuristic_data"]
Data["one_step"]
Data["normalisation"],
["degree_reduction"]
Data["local_loop"], ["patch"]
Data["target_row"], ["recursive_data"]
Data["construction_verification"]
Data["final_verification"]
Data["verification"]
Data["runtime_options"],

["elapsed_real_seconds"]

T A5 R RE

HRGR R E AN LA ST P4 -

SE4EA ¥ /Bézout fIET .
YRR ZE RS A R R R
IE#E. B#K. local loop Fll patch [ALEEHE
R HMA T B BT

JAHEIE S patch $dE.

IG—4k H FrAs a7

BT3B (7] e R IR IE

HRZ foe ST T -

I A TSR R AR AR

BATSEAISLER SR, B QSFullFF fEEZ A

Examples
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restart:

# WERE.
currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
# RIEFE R

read "load_all.mpl":

# AT,

unassign('x','y','a','b', 'xvars', 'tvars', 'Pgens', 'row', 'Data'):

xvars := [x,y]:

tvars := [a,b]:

Pgens := [a"2+b"2]:

row := [b*y+1,x+a,x*y+b]:

# FX B EERMAAT.

Data := QSFullFF:-CompleteRowData(row,xvars,tvars,Pgens,
'timeLimit'=600,
# BRFER &S 600 B,
'printLog'=true,
# ATEHENZWN B HEFN.
'useHeuristics'=false,
# R THRN T RAE R AL

'localMethod'="horrocks"

Data["field_is_valid"];

# 4 true,

Data["unimodularity_data"] ["is_unimodular"];
# M true,

Data["verification"] ["success"];

# AN A true,
Data["elapsed_real_seconds"];

# LR REATHRE () .
Data["runtime_options"];

# AR A EERA AT SR

Compatibility
AN, QSAlgorithmFF release 3.6.0, HARMZEITINE N Maple 2025, 244, BRAMH. & [l 5F1E I 3¢ B804 & AR IR AS LA -

See Also

CompleteRow, HeuristicCompletionData, OneStepReductionData,

2.2.1 QSFullFF:-ValidateFunctionField

ValidateFunctionField

BB BHIE P AR

Calling Sequence Parameters Description Program Hierarchy Return Value Examples Compatibility See Also

Calling Sequence

QSFullFF:-ValidateFunctionField(tvars0,Pgens0)

Description
AESHSY . FX R H. properness Fll primality. JHINEFREEAF.
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Program Hierarchy

Program Hierarchy

FREYEE 1B RENINEAVEA LBEHE .. SEFR5EIN QSAlgorithmFF:-ValidateFunctionField,

Return Value
IR A true; AESEH AL R

Examples

restart:
currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
read "load_all.mpl":

# AT,

unassign('a','b','tvars', 'Pgens'):
tvars := [a,b]:

# RBSH

Pgens := [a”2+b"2]:

# HIEH P,

QSFullFF:-ValidateFunctionField(tvars,Pgens);
# P proper H prime Hf#[H true,

Compatibility
ARSCRYRT . QSAlgorithmFF release 3.6.0, HARZEITHE N Maple 2025, %54 . BRIAME. 3R W EEFIE I 5¢ R 1% & A IR RS UL

See Also

UnimodularRowData, CompleteRowData.

2.2.2 QSFullFF:-UnimodularRowData

UnimodularRowData

S5 BB BIEABEMEIFB ML/ Bézout k5.

Calling Sequence Parameters Description Program Hierarchy Return Value Examples Compatibility See Also

Calling Sequence

QSFullFF:-UnimodularRowData (
row0,xvars0,tvars0,Pgens0,

checkPrime := true

Program Hierarchy

Program Hierarchy

FRYESE 2 BrE:. AP %S QSInputFF: -UnimodularRowData, A LA 1 B, FILHNERMEA checkPrime=false, R
HEMITE.

Return Value

}:E’%Ejg is_unimodular., right_inverse. bezout_coefficients. certificate_verified 1 method.,

Examples

restart:
currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
read "load_all.mpl":

unassign('x','y','a','b', 'xvars', 'tvars', 'Pgens', 'row', 'UniData'):

xvars := [x,y]:
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tvars := [a,b]:
Pgens := [a”2+b"2]:
row := [b*y+l,x+a,x*y+b]:

# EXFRHARNAT.

UniData := QSFullFF:-UnimodularRowData(row,xvars,tvars,Pgens):
# WELHES - MRERAEE,

UniData["is_unimodular"];

# ZHHEE true,

UniData["right_inverse"];

# BERFRE KA,

UniData["certificate_verified"];

# EHEMIBEF A true.

Compatibility
AR QSAlgorithmFF release 3.6.0, HARZEITH A Maple 2025, %54 . BRIAME. 3R B EERIA T ¢ R 41% K AT R RS U .

See Also

ValidateFunctionField, HeuristicCompletionData,

2.3 33 CompleteRow 1%

TR NS . BRI SRIEN TR, AR R4/ Grobner XAHES.
BRI SEAL ] RIE— AT, KT Bézout Bt FATERHIMAI—ALE CompleteRowKx, XL PR useHeuristics il

2.3.1 QSFullFF:-CompleteRowKx

CompleteRowKx

—Ah K(z] XA,

Calling Sequence Parameters Description Program Hierarchy Return Value Examples Compatibility See Also

Calling Sequence

QSFullFF:-CompleteRowKx (row0,xvar0,tvars0,Pgens0)

Description
1 FAT SN Buclidean /Bézout Hese i — T L 847«

Examples

restart:
currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
read "load_all.mpl":

unassign('x','a','b','rowl','Ul','V1'):

tvars := [a,b]:
Pgens := [a"2+b"2]:
rowl := [1+(x-a)*(x+a)*(x"2+b),x+a, (x+a)*(x"2+b)]:

# — LA LLBAT, BFAFEM P REE Bezout EH.

Ul := QSFullFF:-CompleteRowKx(rowl,x,tvars,Pgens):

V1 := QSFullFF:-VerifyCompletionFullData(rowl,U1, [x],tvars,Pgens):
Vi["success"];

# N4 true,

Compatibility
AN, QSAlgorithmFF release 3.6.0, HARMZEITINE N Maple 2025, 244, BRAMH. & [ EF1E H 3¢ B2 H80% & AR IR AS UL IH -
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See Also

CompleteRowData,

2.3.2 QSFullFF:-HeuristicCompletionData

HeuristicCompletionData

HIRBEE (1): b PAT e seK -

Calling Sequence Parameters Description Program Hierarchy Return Value Examples Compatibility See Also

Calling Sequence

QSFullFF:-HeuristicCompletionData(
row0,xvars0,tvars0,Pgens0,

'useHeuristics'=true

Description
R EMEME—TA) QSEasyFF W EEETRF . ERBUSEERAY, FAPSBir&. A%/ AAjrE, —J0 Grobner b, H 7L
FAD —ICEA . AREIHRE success=false, Al “HIEKM".

Program Hierarchy

Program Hierarchy

B Eg: N CompleteRowRecursiveData, HJ% F4t: QSEasyFF:-TryEasyCompletion, useHeuristics=false HJ#&ANFEEBkid; K5
B TEAN OneStep 1754%%%.

Return Value

Key / Value Meaning
H["success"] SR E R T 5E R
H["enabled"] ARG VR L.
H["reason"] KRR A
H["method"], H["U"] T S P LA T A 58 O
H["unimodularity_data"] MIE & A B i A R A
Examples
restart:

currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
read "load_all.mpl":

unassign('x','y','a','b','xvars’', 'tvars', 'Pgens', 'row','H'):

xvars := [x,y]:

tvars := [a,b]:

Pgens := [a”2+b"2]:

row := [bxy+l,x+a,x*y+b]:

H := QSFullFF:-HeuristicCompletionData(row,xvars,tvars,Pgens,

'useHeuristics'=true
):
# AEAEFREZANB, THHAT local loop # patch.
H["success"];
# true KRBT TR false R EA)F M 4k4 OneStep.
if H["success"] then H["U"] else H["reason"] end if;

# EF T REEIRRGRE

10
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Compatibility
AR R, QSAlgorithmFF release 3.6.0, HARZITHE N Maple 2025, %54 . BRIAME. & FUEERIA ¢ R 1% K AT IR RS U H .

See Also

CompleteRowData, DisableHeuristics.

2.3.3 OneStepReduction: gBIHLE (2)

OneStepReduction

iR EIT: ERAE — Kk — Local Loop — Patch.

Calling Sequence
NI B4
QSFullFF:-OneStepReduction(

row0,xvars0,tvars0,Pgens0,

'timeLimit'=infinity,
'printLog'=false,
'useHeuristics'=true,
'localMethod'="horrocks",

'printBranches'=false

QSFullFF:-OneStepReductionData(. ..same options...)

Description

A 55 97 OneStepReductionCoreData, 1%4%:0 RMUEHIAL. K. local loop 5 patch, SRJGHEHFRTRE MV . /AFF OneStepR
eduction M TN Y vU = v(0), FEF—BOZ G5 HFTHAER M transport; B#A % —&JREHAE.

Return Value

FERERADRE U, W oU = v(0). $dEZAOEIR[ one_step_core. normalisation. degree_reduction. local_loop. patch,
recursive_data I 7 I5IE .

Examples

restart:
currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
read "load_all.mpl":

unassign('x','y','a','b', 'xvars', 'tvars', 'Pgens', 'row', 'Step'):

xvars := [x,y]:

tvars := [a,b]:

Pgens := [a"2+b~2]:

row := [b*y+1l,x+a,x*y+b]:

Step := QSFullFF:-OneStepReductionData(row,xvars,tvars,Pgens,
'timeLimit'=600,
# B EK—F L.
'printLog'=true,
# TERIEMA. K. local loop. patch #7 transport HfJd.
'useHeuristics'=false,
# local loop T I {# ¥ search s /NEH AHRBE.
'localMethod'="horrocks",
'printBranches'=false
# WA true FENMTH d_i fo U_i,

Step["target_row"];
# R RETE y EXEMNENR, KA [1,x+a,bl.
Step["verification"] ["row_times_U_mod_P"];

# N5 target_row A,

11
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Step["verification"] ["success"];
# N4 true,

2.3.3.1 1EMfk: QSFullFF:-NormalisationStep

Description

SETFRETALIRT K WRI B/ AR 4 (A BITF AN RERD) , MR oMU /N AE 2 ) B Weierstrass/Noether fGf, 3f4iC
AL S ARHERN I G

Examples

restart:
currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
read "load_all.mpl":

unassign('x','y','a','b', 'xvars', 'tvars’', 'Pgens', 'rowN','N'):
xvars := [x,y]:
tvars := [a,b]:

Pgens := [a"2+b"2]:

rowN := [
x*y+akx+bxy+1,
X" 2xy+b*xx+a,
x*y~2+axy+b

1:

# BMPEXT x f1 y WERRKEERH T — N 20T &,
# EMEAHI RN K x-4 —4&; auto 3 \ Weierstrass fallback.,

N := QSFullFF:-NormalisationStep(rowN,xvars,tvars,Pgens,"auto"):
N["normalisation_mode"];

# T4 "weierstrass".

N["normalized_index"];

# BERRB/ AT L&,

N["forward_substitution"];

N["backward_substitution"];

# EF Y AR,

2.3.3.2 KiWP%IK: QSReduceFF:-ReduceDegreeData

IERALTE T TR R — R, B AN HA S BEOERIRE. BERIRETTR, NETREG BRI . BaE R
FATHIAES 1.

2.3.3.3 (QSFullFF:-LocalloopData

LocalLoopData

WA R B s, WA M, d;, Us.

Calling Sequence Parameters Description Program Hierarchy Return Value Examples Compatibility See Also

Calling Sequence

QSFullFF:-LocalLoopData(
row0,xvars0O,tvarsO,PgensO,
'localMethod'="horrocks",
'useHeuristics'=true,

'printBranches'=false

Description
MG RAETF G FRR— A LR AR RO M, R P IEIIE Uy, 8 d; ¢ M, EEF (di,...,dN) = E.

12
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Program Hierarchy

Program Hierarchy

H4% 9 OneStepReduction #%.0» . NHREE IR AAATH K FHAE /2K . OneLocalSolData, VerifyLocalSolution Al CommonDenominatorData,
AFF MaximalIldealData /& [FIH3& G AR ELZ Wi O .

Return Value

Key / Value Meaning
L["M_1list"] MR AR A B TTA 3
L["U_list"] X I B S e I
L["d_list"] entry denominators,
L["GL_denominator_list"] HIRSF GL denominators.
L["local_data_list"] B SRR M i .
L["verification_list"] B SRy B ) A ST B8R
L["denominators_generate_E"] BERESEA .
Examples
restart:

currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
read "load_all.mpl":

unassign('x','y','a','b', 'xvars', 'tvars', 'Pgens', 'rowN','L'):
xvars := [x,y]:

tvars := [a,b]:

Pgens := [a"2+b"2]:

rowN := [y+1/b,x+a,x*y+b]:

# B—nEXT y ¥—, A HABEHN LocalLoopData.,

L := QSFullFF:-LocalLoopData(rowN,xvars,tvars,Pgens,
'localMethod'="horrocks",
'useHeuristics'=false,
'printBranches'=true
):
# R —HEITH d_i Ui,
L["number_of_local_solutions"];
L["M_list"];
L["d_list"];
L["U_list"];

L["denominators_generate_E"];

Compatibility
AN, QSAlgorithmFF release 3.6.0, HARZEITINE N Maple 2025, 244, BRHAMH. & [l 5F1E I 3¢ BR800 & AR IR AS UL RH -

See Also

MaximalIdealData, OneLocalSolData, PatchData,

13
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2.3.3.3.1 QSFullFF:-MaximalldealData

MaximalldealData

AR Il fi PR AU R BRI HR S EREER R

Calling Sequence Parameters Description Program Hierarchy Return Value Examples Compatibility See Also

Calling Sequence

QSFullFF:-MaximalIdealData(F0,xvarsO,tvars0,Pgens0)

Program Hierarchy

Program Hierarchy

AT W D SEBR )8 i QSMaxIdealFF:-MaximalIdealData. LocalLoop Wi R FEEARIT, WOH R JREs QSLocalLoopFF: -Maximal
IdealContainingOverK; —fpR%UIH > L2 A QSMaxIdealFF: -MaximalldealContaining., Wit/ , /K T-ZE4 L HANAEET

PR

Return Value

J Bt relative_generators. ambient_generators, relative_dimension. ambient_ideal_object.

Examples

restart:
currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
read "load_all.mpl":

unassign('x','y','a','b', 'xvars', 'tvars', 'Pgens','F', 'MData'):
xvars := [x,y]:

tvars := [a,b]:

Pgens := [a"2+b"2]:

F := [y-b,x*xy-al:

# Klx,y] #Ea4H proper Bk K.

MData := QSFullFF:-MaximalIldealData(F,xvars,tvars,Pgens):
MData["relative_generators"];

# Klx,yl WHoRARERERT.

MData["ambient_generators"];

# Qla,b,x,y] FHKFRERRT.

MData["relative_dimension"];

# RIHBA O,

Compatibility
AR . QSAlgorithmFF release 3.6.0, HARZITH N Maple 2025, %54 . BRIAME. 3R W EERIE T ¢ R 41% K AT R RS U .

See Also

LocalLoopData, MaximalIdealContaining,

2.3.3.3.2 QSFullFF:-OneLocalSolData

OneLocalSolData

1E— A RPLBL R HIF AT R TT ik -

Calling Sequence Parameters Description Program Hierarchy Return Value Examples Compatibility See Also

Calling Sequence

QSFullFF:-0OneLocalSolData(
row0,xvars0,tvars0,Pgens0,MaxgensO0,
'localMethod'="horrocks",

'useHeuristics'=true

14
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Description

o "horrocks": K5I JRIHBEAA /N — Ik E-ReduceDeg-Suslin Lemma, i1 ;

o '"residue": IEMAHuPE T T4t , ] Euclidean reduction, LM%, resultant 5 Bézout B ;
e "search": BRI LM A norm-search; useHeuristics=false B AHHfT;

e "auto": KikZ2i Horrocks. residue, JF-¥E VI i Gasid search.

Examples

restart:
currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
read "load_all.mpl":

unassign('x','y','a','b', 'xvars', 'tvars', 'Pgens', 'rowLocal', 'Maxgens','LD'):
xvars := [x,y]:

tvars := [a,b]:

Pgens := [a”2+b"2]:

rowLocal := [y+1/b,x+a,x*y+b]:

Maxgens := [x+a]:

# 7 E=K[x] @ AEE (x+a) A KFEHTK.

LD := QSFullFF:-OneLocalSolData(
rowLocal,xvars,tvars,Pgens,Maxgens,
'localMethod'="horrocks",
'useHeuristics'=false

):

LD["local_method_effective"];

# M % "horrocks",

LD["row_after_U"];

# R FRA [1,0,0].

Compatibility
AN, QSAlgorithmFF release 3.6.0, HARZEITINE N Maple 2025, 244, BRAMH. & [l SF1E I 3¢ B2 H80% & AR IR AS B RE -

See Also

LocalLoopData, HorrocksData,

2.3.3.4 QSFullFF:-PatchData

PatchData

HRIRBE M KA one-step Hili:.

Calling Sequence Parameters Description Program Hierarchy Return Value Examples Compatibility See Also

Calling Sequence

QSFullFF:-PatchData(LocalLoopData0,aval := 0)

Description
H#hi%# GL 5 entry denominator, 7% powered-denominator Bézout &%, HHH A(Y,Z) 5, HLMLEMNITM v 3 y = aval,

Examples

restart:
currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
read "load_all.mpl":

unassign('x','y','a','b','xvars', 'tvars', 'Pgens', 'rowN','L', 'PData'):
xvars := [x,y]:

tvars := [a,b]:

Pgens := [a"2+b"2]:

15
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rowN := [y+1/b,x+a,x*y+b]:

L := QSFullFF:-LocalLoopData(rowN,xvars,tvars,Pgens,
'localMethod'="horrocks",
'useHeuristics'=false,
'printBranches'=false

):

# BREAMEEFE LS.

PData := QSFullFF:-PatchData(L,0):

# RELE y £I1ME o.

PData["target_row"];

PData["patch_denominator_source"];

# BEEHEFHR GL L7 entry 4.

PData["bezout_check"];

# KA L.

Compatibility
ARSCRERT Y. QSAlgorithmFF release 3.6.0, HARZfTH 5N Maple 2025, 254, BRIAME. & Bl SAIA F 56 F 1% K M IR AD Ui

See Also

LocalLoopData, OneStepReductionData,

2.3.4 FEUTLE (3)
OneStep 1.0 [F] target_row. target_xvars M&[MUEMAH. BAKOCHBERAA S, REPITIREZES Grobner ZBEHEITE. #IHIR
[ ARAERE RS OneStep FEFEAHAE, AT IERLAL A A

2.3.5 QSFullFF:-VerifyCompletionFullData

VerifyCompletionFullData

I 28 Y G A o R -

Calling Sequence Parameters Description Program Hierarchy Return Value Examples Compatibility See Also

Calling Sequence

QSFullFF:-VerifyCompletionFullData(
row0,U0,xvars0,tvars0,Pgens0,

checkPrime := true

Description
FHITE row0 U0 F1 det(U0), #afl P EmfTas. 1908 T K*, A s 20T .

Examples

restart:
currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
read "load_all.mpl":

unassign('x','y','a','b', 'xvars', 'tvars', 'Pgens', 'row','U','V'):

xvars := [x,y]:

tvars := [a,b]:

Pgens := [a™2+b"2]:

row := [bxy+l,x+a,x*y+b]:

U := QSFullFF:-CompleteRow(row,xvars,tvars,Pgens,
'timeLimit'=600, 'printLog'=false,
'useHeuristics'=false, 'localMethod'="horrocks"

):

# EEERFEIAREER.

V := QSFullFF:-VerifyCompletionFullData(row,U,xvars,tvars,Pgens):

16
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V["success"];
V["row_times_U_mod_P"];
V["determinant_mod_P"];

V["entries_are_polynomials_over_K"];

Compatibility
AR Y. QSAlgorithmFF release 3.6.0, HARZITHNESA Maple 2025, 2544 . BRIMA. 1R [ SAIE F 56 B 4512 R T BURAD LA .

See Also

CompleteRowData, PrintVerification,

2.4 (QSFullFF:-CompleteRowResult

CompleteRowResult

RSB BB W DU Bkl R

Calling Sequence Parameters Description Program Hierarchy Return Value Examples Compatibility See Also
Calling Sequence
5 CompleteRow #f[i].

Return Value

Result["U"]. Result["data"]. Result["verification"], Result["success"].

Examples

restart:
currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
read "load_all.mpl":

unassign('x','y','a','b', 'xvars', 'tvars', 'Pgens', 'row', 'Result'):

xvars := [x,y]:

tvars := [a,b]:

Pgens := [a"2+b"2]:

row := [b*y+l,x+a,x*y+b]:

Result := QSFullFF:-CompleteRowResult(row,xvars,tvars,Pgens,
'timeLimit'=600,
'printLog'=false,
'useHeuristics'=false,
'localMethod'="horrocks"
):
Result["success"];
Result["U"];
Result["data"] ["algorithm_framework"];

Compatibility
ARSCRERT Y. QSAlgorithmFF release 3.6.0, HARZfTH N Maple 2025, 2544, BRIAME. & [l SAIA F 56 R 812 K IR RS U .

See Also

CompleteRow, CompleteRowData,
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23']— f%ﬁ44~3§1ﬁ52[hf

printLog=true B}, HEMKIKER:

1. ValidateFunctionField

2. UnimodularRowData

3. CompleteRow recursive core
.0 base case

.1 HeuristicCompletionData
.2.1 NormalisationStep
.2.2 ReduceDegreeData

.2.3 LocalLoopData

.2.4 PatchData

W W W w w ww

.3 recursive CompleteRow

4. Final VerifyCompletionFast

RJE— I START Wi END WrBr, s b sl I IETES TR B . tineLinit RN ATFRA; EARMAERFR RN,

3.2 ME—EB&kRIFR

useHeuristics=false &:
o Hkid ¥/~ HeuristicCompletionData/QSEasyFF 2 H[5E /M2
o BEEEAE ML A norm-search;
o SEH/INEEBRUROR BIAE PR A
EARLKIIIENTE. THA. GEHH . RHIFRK . Horrocks. residue. patch s,

Examples

restart:
currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
read "load_all.mpl":

QSFullFF:-DisableHeuristics():
# KAKXAYMLTEHER A RERE.
QSFullFF:-HeuristicsEnabled();
# R [F] false,
QSFullFF:-EnableHeuristics():

# REBRIRAS.

3.3 ST

QSFullFF:-ConfigureCaches(
enabled0 := true,
maxIdealsO := 500,
maxGBO := 200,
maxNFO := 6000,
maxMembershipO := 4000

)

QSFullFF:-ResetCaches()

QSFullFF:-CacheStats()

QSFullFF:-PrintCacheStats ()

GAFFALICREREE R, AU RREH . B —2R BRI 2SR 7, B KA.

Examples

restart:
currentdir("C:/QSAlgorithmFF_release_v3_6_0"):
read "load_all.mpl":

18
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QSFullFF:-ConfigureCaches(true,500,200,6000,4000) :
# FRARBLAZRFTRE,

Stats := QSFullFF:-CacheStats():

# BELR A, RaPRgE L
QSFullFF:-PrintCacheStats():

# 7 worksheet WITH % it.

QSFullFF:-ResetCaches():

# HEAHRERILESES.

3.4 ARHhHiArint Rk A A B IR ANE B
M4 input_validation["field_is_valid"] 5 unimodularity_data["certificate_verified"];
BT S right_inverse /2L M HITTHRAI N 1;
heuristic_data FRMINHFBHEAKLEHEAN one_step;
OneStep ] target_right_inverse @& [ifk /54 &% | ML IEMESE;
LocalLoop [ d; ¢ M;. JRyiAERESIEFN 4B B 6 AR 78 55 5
Patch 1) powered-denominator Bézout HZ35 L2 W= {4 ;

34 final_verification["success"].

NS g W

19



PO B BT 55 TR SO0 % F
AL ol 2R SR fr 4 A4 SISO A5 2

AERA CAFT TSR Msei” =220, BB SO i 6 &4 R 2 SRR SO B —— X

B

1. AJFITfi)A: QSFullFF.mpl & M P H&E MK QSFullFF:-. .. fixd-. 38 SO £ 2% X — 2 4 k.
L B2 BIEMBEEEYE M AE QSAlgorithmFF .mpl, QSInputFF.mpl. QSLocalSolFF.mpl. QSLocalLoopFF.mpl. QSPatchFF.mpl

E'CLEN
. JERlgt)Z . QSGroebnerCacheFF.mpl. QSQuotientSafeFF.mpl. QSRuntimeFF.mpl fl QSVerifyFF.mpl N & NV H I R ILEAE
FFRIERAL ., HERSLEHE

B, FBh SR
QSFullFF:-MaximalIldealData

INIFELAERR E X AE QSFullFF.mpl, Tfj—f% R i SEPrkt it iF X AE QSMaxIdealFF.mpl. [6)3, QSFullFF:-LocalLoopData [J/AFFZFRNT
QSFullFF.mpl, {EFA{KNIALT QSLocalLoopFF.mpl. JXFPZHAUE H P Hic— AN FaE T, W A i3 40 i 2R [ e B

A2 AT SR

RATAMR H A A A
Sk 5T
load_all.mpl MG P LB AT SR MEEEA D o P B e A S R, RIS EA
WRHEE . JHEREE. Patch, #IHBL, RIGERAANTFH.
load.mpl RN YEIRAAEE %3] 1load_all.mpl, #EHIH worksheet K%,

load_all.mpl MYEERRIBUFANT . XA FoR B kM, AERT R QS HHMBEEIITIIF

BRI

QSGroebnerCacheFF
-> QSQuotientSafeFF
-> QSRuntimeFF
-> QSMaxIdeal
-> QSMaxIdealFF
-> QSVerifyFF
-> QSInputFF
-> QSLocalResidueFF
-> QSLocalSolFF
-> QSHorrocksFF
-> QSLocalLoopFF
-> QSPatchFF
-> QSReduceFF
-> QSEasyFF
-> QSAlgorithmFF
-> QSFullFF (REAFITE, &EHA]

A.3 ¥ Maple SCHEMTR B

TR RATE src/core/ HIHIARRILIE. H=F 4 BN ER B SO H I T BEATFA L 5 A S SL R B B SCPE 8 T N RS B st bk
Bl
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Maple XA#H B (IE#ITZ5H 1)

P

BRSNS

FEWISCRS /2 TFA DR R 2R

QSFullFF.mpl

QSAlgorithmFF.mpl

QSInputFF.mpl

QSEasyFF.mpl

QSLocalSolFF.mpl

QSHorrocksFF.mpl

QSLocalResidueFF .mpl

QSLocalLoopFF.mpl

QSMaxIdeal.mpl

QSMaxIdealFF.mpl

QSPatchFF.mpl

QSReduceFF .mpl

QSGroebnerCacheFF.mpl

QSQuotientSafeFF.mpl

QSRuntimeFF .mpl

RE AT . G819 QSFullFF:-. ..
i, MAMEL keyword 24, IHEIRZHHGR ol {E
RICNRER D . EARSREAEL KA.

TR . IR AUES . REIIERE . S
KAH B . OneStepReduction .. /b— A8 H )ik
H. A AR, PAK—IC Klz] B Euclidean
FEM.

BAATHORG IR A KB HE . TR Ak R 5
£, W REBALH Grobner 115345

Bézout /right-inverse IE45, FH- 7 I iEiZuE+ .
MR R GENZE . LI easyf. easysr, easyg: FiETEA
{1434 . —JC Bézout. proper subrow. f5iiHHYE
B RS PEEIE T TR BakTr Rk BRI P 3k,
WiZEBHIE: 4 )5 NormalisationStep; DA EM A
S JRIERSR i 43Uk OneLocalSolData, 43JE%]
Horrocks. residue &Y search, FH-sZEilJREBeafi. mGiAT
I 2 R BB IE

K Horrocks—Suslin JRj#B5e . HAT R EAL53 32
I/ NEERE — IR BERE . JHEB ReduceDeg. Suslin
Lemma [FHIEI .

R A58/ resultant JRABsK gy . ERATHER
k(m)[y], 4T Euclidean reduction, 41k afeykHiks: .
norm /resultant f1 Bézout Ht,

JRFREE G IER . S FIW 2 1 2Bl 5 A R LB AR,
PR & 2 A - BEIRAR AR OIRAR, R B R B
ISE U, 1R di, FFORAERAENM My, di, Ui

ALFR P = 0 saiA PR AU Q) [x] TR BHAE PEAROR
PG BRSO, G5 MSrAERIL k.

— AR K = Frac(Q[t]/P) Lyl ks azs. &
HIXH A BOTARSL 3 5] K [2] BRI,

Patch WrB. #EHEATEEMHEIIFR, K
powered-denominator Bézout 2%, Ji&HF+H

A(Y, Z), 1RHE R 5 R S B4 E (A &R .
IEHL G2 Rkl . EFEEDRBUET KT M
oy, HHXHA B WG R IRE, Hidsw
5T IR T .

WEZHERGAFEE P IERIEIZ . 247 Polynomialldeal ,
Grobner % . normal form FIFRAR B MR, FF4EAts
—#) ReduceModuloP., IsZeroModuloP,

T E AR . XATHE A AL E T A AR
KTt P 294k, PRI, S0, AR B
SARHUME, B PRI I DI SR

B EEAT HAEFISE PRI ) SE 1. 5% START/END, j&IH
gk, B ERFERTR SRR AR L .
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i Bl SRS 2R 2 B AR S T IS
1B FF T, U0 CompleteRow,
CompleteRowData,
OneStepReduction,
LocalLoopData,

CompleteRow, CompleteRowData.
HeuristicCompletionData.
OneStepReduction(Data) .
CompleteRowKx B SE PR Azl o
QSFullFF:-IsUnimodularRow.
QSFullFF:-UnimodularRowData.
BezoutCertificate,

A QSFullFF:
-HeuristicCompletionData i ;
% useHeuristics ¥,
NormalisationStep.
OneLocalSolData.

VerifyLocalSolution,

OneLocalSolData(localMethod="h
orrocks") HISLPRKME:: A
HorrocksData, SuslinlemmaData
SEWFTERA
OneLocalSolData(localMethod="r
esidue") MYSCRRRMEE:

QSFullFF:-LocalLoopData; i&[n]
M_list, d_list., U_list,

32 QSLocalLoopFF:
-MaximalIdealContainingOverK [
IR T4 M Pl A
LNER

QSFullFF:
-MaximalIldealContaining.,
QSFullFF:-MaximalIdealData [{{3K
[GEs

QSFullFF:-PatchData; th &
OneStepReduction g /5—F3#%
TR

OneStepReduction PJFEBIK
ReduceDegreeData; i A as 2
FEEERA.

ConfigureCaches. ResetCaches,
CacheStats; #JLF U A H AL
1] {1

Feahsr HE I 55 i LocalLoop.
Patch. Verify 1 OneStep ZFA5ibk [y
R -

TREFEH printLog 5

elapsed_real_seconds,
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T3 FEIBNE HEBISCRS /22 TF A T3 % &

QSVerifyFF.mpl AT Il . A fU. HART. det(U) € K*, 4i  VerifyCompletionFastData,
M H 2 Wi AR P IEAUE , AMEEHER B VerifyCompletionFullData,
success Fiit o PrintVerification,

A4 BRSO A B2 BR SISO A
HEBYTUAATFI A4 B PR R4 R T B AR IE TR 1 S0

WSO A IF A Bl B ik RSN T BB
QSFullFF:-CompleteRow. QSAlgorithmFF .mpl QSInputFF. QSEasyFF. OneStep T#f.
CompleteRowData J#JAF QSVerifyFF,
QSFullFF:-ValidateFunctionField QSAlgorithmFF.mpl Polynomialldeal Y Grobuner /25 f7E Rl
Jiti o
QSFullFF:-UnimodularRowData QSInputFF.mpl QSGroebnerCacheFF FIEF5451E
QSFullFF:-HeuristicCompletionData QSAlgorithmFF.mpl QSEasyFF.mpl,
QSFullFF:-0OneStepReduction(Data) QSAlgorithmFF.mpl QSLocalSolFF, QSReduceFF,
QSLocalLoopFF. QSPatchFF,
QSFullFF:-NormalisationStep QSLocalSolFF.mpl k3. AP i1 Weierstrass L,
QSFullFF:-LocalLoopData QSLocalLoopFF.mpl ORI S 7% . OneLocalSolData. JaHf
B eI BRI
QSFullFF:-MaximalIdealData QSMaxIdealFF.mpl FREEIHAR . KT, AIT4ERG P =0 i
A ] QSMaxIdeal.mpl [{FEHE4T 3.
QSFullFF:-0neLocalSolData QSLocalSolFF.mpl QSHorrocksFF, QSLocalResidueFF &
search )37,
QSFullFF:-PatchData QSPatchFF.mpl powered Bézout. DeltaMatrix F1Z2 Mz
PERAT .
QSFullFF:-CompleteRowKx QSAlgorithmFF.mpl TR Euclidean/gedex FIEIE
QSFullFF:-VerifyCompletionFullData QSVerifyFF.mpl quotient-safe 775 A FIHE M4 5% H ks
QSFullFF:-ConfigureCaches % QSGroebnerCacheFF.mpl JL . easy. unimodular, residue,

unit-ideal il maximal-ideal &4,

A5 RSN BB BERY

Fr BAR @ BT A E R A B SN, R S B

1. XS ERR IS : QSFullFF.mpl.

2. FEbHE4E: QSAlgorithmFF.mpl, H i# & PreparelnputData. CompleteRowRecursiveData. HeuristicCom
pletionCoreData, OneStepReductionCoreData FIHHi[44H Aid7E.
MW BeAmide: QSInputFF.mpl; B & E QSEasyFF.mpl.
OneStepReduction: KX [ QSLocalSolFF.mpl, QSReduceFF.mpl. QSLocalLloopFF.mpl f1 QSPatchFF.mpl,
Ja R AN : Horrocks 42515 QSHorrocksFF.mpl; residue #4325 #E QSLocalResidueFF .mpl.
BB . —J% R A 5452 QSMaxTdealFF.mpl; P = 0 {455k 32 7% QSMaxIdeal .mpl.,
ILZOEHPEIERDL: QSGroebnerCacheFF.mpl. QSQuotientSafeFF.mpl. QSVerifyFF.mpl; izf7idFEWlE I 535
QSRuntimeFF.mpl,

A

I TR B RF R K B

H B SCR i QSFullFF:-. .. A3har 42l AL Je7E QSFullFF . mpl R F GRS, TR HE K HARVEASLFR
B RNEAURAETS B SUAR U I SC4% o Bl QSFullFF:-MaximalIdealData Y SEFRBvATE QSMaxIdealFF.mpl,
M4 N MaximalIdealData.mpl F{AlN S04,
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i XeLaTeX ZiASCR; ANi24%¢ Noto CIK Fik.

Maple H4: restart, FRMAFTHMR H FEEH load_all.mpl.

AT xvars; HT e s 422 =0T .

H 315 ] CompleteRowData, HEUHF4EH{#iH CompleteRow.

KME ARG, HEDMEIER. FBER. LocalLoop. Patch FliEIH.

¥ #r Data["verification"] ["success"], HIEmA KT VerifyCompletionFullData.,

1.
2.
3.
4.
o.
6.

iBATIAIEBE]

UHIRIERA Maple W%, AR RIS . JA KA AR IR release 3.6.0 JRIGHASINT . HAZHEIA
ERZAE Maple 2025 HUsfTEARSEG], I LAMSL KL SR 45 A A
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