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1 AND-OR A& ZINIUXL

[AND-OR KIFS =X v I AKROD—@ETH D] LrVL2AF—2012B0WT IHEEFIE
BV THRB, BRKRKOEELEZ 2 F2IT->TL %) 2 EL, HOEELR/MET 2F%
BERPDFTEI=y I REIEE WS, I 2wy 7 AKX, ZOEIKICE S S — 20 REEEHRL
L7eRTH3. RIZTyr—oBBOREERL, &%/ — X7 —20RHEERT. &/ — Koz LiJ
FWITLAXY—1DER—VE, T LAY—IIDOR—UBRAENS =D, /—Fz DT
J—ROEORAEEZ x D §2 MAX LAY —¥, F/MiEX 32 MIN L A ¥ —2RKEIZHN
3. Iy 7 ARDEICEI DS ToHNBHEEZ O 1 D2MHICLZHDD AND-OR KTH 3. Z
Dr Eh/ME (RAMHE) Z2r 2HEIX7T—AEE L LTO AND (OR) Xk %. ZRAMOHZE (fl,
(1D &2BWT, AND-ORKIZI =~ v 7 ZAKRZMET 270D M4 7V (KK —X) T
Hol-rBbhs.

[7—ILIREART AND-OR A%Z#EERTS] AND-OR AT 2—2EEL, OEERD 2 7L
TVRALELTT=NAVRERaZEZS. aDAER/, —RIXT DE (- 2i¥x 235%) THY, «
D7 —UEEEMT 2. alZBWT o257 —LHE (0, 1) OF7URFWIKHIZHTY
. T OWRDOMEE KD BIERNEHi> TWRVWE ERHIDITERIZ T OROETH L. £5Th
WEERXT OROMEEHIT 2, THROBRHAIOITERIZ a DETHD, o DEEITH % T LT
335, ZOXIRTIRERE, BAGPEET LY XL FER. PJUEM &V S EBAiFEE,
BEH>TORVWEWSEKRTHS. REETLIY) ZRLEI X =R« A=TDTNLT 7 « N—XiE
2] LAEkD A Y bEITIDDETS. e ZEXTODAND /=R DF/—FD—D 2 IZDWVT,
2 DEP 0 THEE aPHI-=REEEEZ L. Z2TO TR 2%, aDHINEH/ — Kot 2
KHITH2. TORETaldz DENP0TH2 WL, AL T B2 v DFHREHERL
. ZZToO TZhlBE) X, aleBlir3, Fid TRA) KRS T2 ROz THS. T
D OR /7 — RIZOWTHAkEE § 3.

[BRIEMTHEIX 23] AND-ORAKT 0¥ERT7—LEH, T2 71X B2y, Tk
MHEI S LTAND & OR OAZHWV, £42D 7 —IVE-IEL 1 EILrEHALVWKRTHS. -
FEMETNDY) X4 o EELBEEDTIC T OEDEHICOVWTEMBEZEDIR LA S T O HHEEE KD
LIRERTHS. TREEL, T OEADOMNE (HEEEHID YT w2527 %, aDax b
FTEOBFT a Mz shl T OEOERTH 2 LED 5.

cost(a,w) := (a BMEZZFRT T DEDER) (1)

TZEELTw & aZ8hT X LTIERT 28, T DIREARGEE (decision tree complexity)
D(T) CEHT 3. wid T OEADOMERKZED, ald T OWERT VTV XL 2k%ES.

D(T) := min max cost(q, w) (2)

« w
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[T—IILVRERDERZHZERTILIVILEER] T OREET VTV X L2hk% A(T) &5
5. AT) LowERyfiz T OFEIRT7LT VY X4 (randomized algorithm) &FEX. T OFEIR 7 v
TV RABERMED S, IR LTI X LIZOWTIE, 2 X MOBFEEHICaR bR, T
WEFRT 2 T OFEIREIHE R (randomized complexity) R(T) 1%, T OEMXOHZTHZLEZS
NTWVW3. wid T OEAOMNEREZED, ART OEIRT VTV X 62K %2ES. TIZXoTE
R(T) < D(T) 502 [3]. Thbd, 7V XLMEOEBARCL>T7NAI ) XLDMBENLL KD
BEND 5.

R(T) := H}}n max cost(A,w) (3)

EEOFRFRICOVWTORITHE] T OREET VTV X 22 RSB (depth-first) PRER
WKIRD, 2B oNn3E8IR7 V) X LDA% ADES L E, R(T) LAKICERIND
B% Rpp(T) & RZES. ADEDIHFEZ X 51T, Saks-Wigderson D7 4 L 27> aF L« 73V
ALV HDICHIRT 2 &%, R(T) LRRICERE NS EE d(T) ££7F [3]. BHHRAFENXIZ
R(T) < Rpp(T) < d(T) TH3. T 5542 5HATAND L4 ¥—& OR L A ¥ —HLHIHNS
¥ & R(T) = Rpr(T) = d(T) Y 3.2 [3]. Vereshchagin i& R(T) < d(T) 23 D SLDOAKR T %%
RU7 [4]. RAPOMELEE L XD b AND-OR RO EIZH L CBFEVWE S THD,
T VEBOEHE VS BRSPS T v LI LAVD D IMENRTH 5.

2 BLOFER

R(T) & d(T) OD¥iEIZE ZIi2H DDA 5 . A IRBKRDIEDOMIMEIT OWTDIRE R LTI

HOEPETRVER (4) 2 BUAEBRIC X 2 DTIZR L, BEEMCHE) ALz, Zo% ek

TR [4) 12k D, e =LA 5EK (5) ErN D, R X > T, AND-OR KOS BEHER

KOWTD & DFECEBAE LN, AFHTIFIL TV U b B KESZAHOERERNT 5.
TRTO T LT Rpp(T) = d(T) (4)
»5 T IZHLT R(T) < Rpp(T) (5)

HEE LUT oMo INcEB 232072, #K | HARZMHREL S RITE 21K03340. Bk © BIEEEUR
PRELEERE BIERAT A 2 RX— a YAIRICHT 72 RE 7 = v — vy TR, JPMIFS2139.

BE ik

[1] M. Tarsi, Optimal search on some game trees, J. ACM 30 (1983) 389-396.

[2] D.E. Knuth, R.N. Moore, An analysis of alpha-beta pruning, Artif. Intell. 6 (1975), 293—
326.

[3] M. Saks, A. Wigderson, Probabilistic Boolean decision trees and the complexity of eval-
uating game trees, In: Proc. 27th IEEE FOCS (1986) 29-38.

[4] N.K. Vereshchagin, Randomized Boolean decision trees: several remarks, Theoret. Com-
put. Sci., 207 (1998), 329-342.

[5] Fuki Ito, and Toshio Suzuki, Separation and collapse of equilibria inequalities on AND-OR
trees without shape constraints, arXiv:2405.20138 [cs.Al] (2024).
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1 BIECEHER

=AW IV—2 v FUOIOMBEL R, BRAOMHEMEN ST 7 G = (V,E) LT, KA
AD=AE7V—2<vyF 7 M CEOHNZHETHETHS. ZIT=AF7V-2<vF
YR, BHEHEAOKBHE2LURTHD, ho¥ A X3D¥ 4 7L (LIBR=ZAFLIER) 2&F720
WEGZRET. ZAKT Y — 2 <y F v ZHEZ B ZHEARR 7 L3 ) X410, 1984 412
Hartvigsen 23 #1D TIRE L TE D, ZOmXDEIEMRD 2024 FicHiREhTwa [1]. LiL, £
DTN XL NTIERTH D, EYMOMIIIRETH /2. —F, =AM 7V -2~y Fv
FRIBEY AL ANV I oy b T — 7 FH A VR EBRNCHELS 7Y ZANDIGH WS ART D
e TBh, ZOXMRTIE PTAS ((EED ¢ > 0123 L TZIERRER (1 — o)Al 7L aY X
LEWNT 52 A% —2) ITHENRD Z. 2D K 5 2EHED 5 Bosch-Calvo, Grandoni, Ameli {Z
Lo Ty Y IARRBFFERZ AW PTAS (ZA3) X4 1) HEESAE 2. LiL, 2O7L
IV XLERBHEMTH D206, ZDIELHOFEICIETNZMEIHV LTV 5.

PILIVAL 1 ZAE7Y)—2 <y F U 7REICT S (1 —e)-aMU7 13y X4
APX « ()
while 3 FL AL P C Est. (1) |P| <2/e, (2) APX AP H |APX| KD H A4 A KE VW=
A7V —2~<vyF 2 do
APX + APX AP
end while
return APX

ARAROERFERE, =AF TV -2 v F Yy T I2UTOARBREREZIHAL-Z
THH, 73V XL 1 OELHEIZOEHNLBHELL e TES. 22T, 27y F Y7o
(A1, A2) ICEATBRERLAILEIE, A\ Ay DL Ay \ Ay DAEZHIZES L AL (FCTES
LRI LIRR) THS.

FE 1 (AR -2y F Uy 7T 20REM). G 2Bir 57, A, Ay % G D=AFK7
V=2 vFrIrT3. ZOLE, AL NAA D (A, A) KT EXKHE ML ANANDZE P T, T
BEOPecPlri=12TAAPKPEZAEIV -2 F U eh2E5RDMVELET 5.

R2 7AITVIL1VEZZAR T —2<yF U 7HED (1 — &) UEE ZEARRK CEHET 3.
SEBE. 713 ) R APX B (1 — e)- B TR VW &% F X 5. T 1 % APX L ElfEO—
2 OPT (ZH#H L TR N0 f@h 65604 (2) Zifi7e 3303F 7% b LA UH OPT A APX MIch i

b |OPT| - |APX| > ¢|OPT| AH 2 e Bbhb. ZONRND LA LDI A4 XidE A
|OPT A APT|/e|OPT| <2/e THZDT, ZD L AMIEMH (1) difizzL T3, O
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2 #EfE

ZAE TV —HRI DRGSO RERE (I 3) XLET»S KL AN RTH S.

WRE 3. A, Ay (B IIRSRW) ERZS 7 ED2vF U5 ZOE, AL A A,
D (A1, A2) T E2KRAPLAANDRE P T, FEODPePLi=1,2TAANPH2<YF
VI RBEOIRDDODBEET B.

BERA. (A1, A2) ICBHT 2KXH L ANAANDGEI P T |P| BN DbDE—D UL, ThHE 3
DEEMEZ T 2 LI HICHEE T X 5. O

B 1 QBN S, RIFFRICB I 2HEELMETH2AEEDO T-7V—HE2EATE. T %
727 G=(V,E) TFEST 2 =MALOMAREL LT, UEEFCEMBT-ZU—TbHoLX, F
PONTNOZAFET € T DHMIEEGLLTEERVILEZWVWS. T 277 7NOETO=MAFL T
WET-7V e =AK7 ) —HEAEETHD, T-7V-HEI=AB 7V -2 R LML
SZ5.

3 TIE 1 DiFHOBEE
AIFETIE & D FERDTRVER 4 ZAFALTEBYD. EH 4 2RT I TEBICER 1 2ES.

FE 4 (T-7V—2~vF U7 ICHT 20REH). GZ2UFHrEERVERIZ 7, ThGO=
AROHAES, A, AAZGDT-7V—2<vFr7rT5. ZOrE, A A Ay D (A, As)
WHTEZ2REMLANAANDDEP T, FEOPePLi=1,2TAAPHBT-7)V—-2<vF>
7B EIBRSDHPFLET 5.

SERR. (BEED) T oV 4 XEFAWLIRMEICE DIEAT 2. T=00BA8I3ME3 XDHOH»TH 3.
TeTHEHETZHEICOVTE, G, T, Al. Ay ZEELTT OV A4 XHWNIWHEIRET
5. WWiNEDIRED HIFAE L1272 7 L CIREN 2l T 0EIB o0 20T, ZhrBimors s
7 LR T EI RN TE B Z e BRT. O

4 ERESBROEE
T-7V—oBACED, Z=AE7Y— 2=y F 27T % BRRDFEEEZ B2 RRET
MY ZENTER., ZONREHZZIOIGEELIENT 2 2T, BICEAZMNIHEDO=ATF
7 ) —[HE GLOEFTEADRAICHEE) 12T 2713 ) XAV THHLRERPHD 55 L
EZTW5.

HEE KAWL, BERE e baxEHBEHORFENIE 0 =7 b TEE Y 7 4 BBEFE OIS O
XEEZFTNS.
BENW
[1] D. Hartvigsen. Finding triangle-free 2-factors in general graphs. Journal of Graph Theory,
106(3):581-662, 2024.
[2] M. Bosch-Calvo, F. Grandoni, and A. J. Ameli. A PTAS for triangle-free 2-matching.
arXiv preprint arXiv:2311.11869, 2023.
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1 2

AHEHETE, HEY 2 THBERAMMEERZRS . - OMEHGRT AR AICB Y GEERD B
AR EIN TV EEDO—2TH L. ZhuF, TOMEIRAHEEMECHREERE Wo e
BELZHEEO—RIL L 2o TWT, 512, BMAEPRIFEES S — LB & W o 72IEH IR
WHBIEIDHNZREINTVWEDTH L. REHTIE, FFIT, ZOREO LA THIFEICEET
LTSN TwE~ ba A PRl T TORFLEY 2 7 BEBERAEEECOWT, BER 7 LT
VR L ZdEE LM RICOWTIRS . BRI, FEED e > 0120 L T, (1 —1/e —e)-3aW 7V
TYRLTH T O(/rn) HOMIIMEA T 27V e BIBUEA 5 7 AAD 7 T 2EHT2 L5 K7
NIV RAL%i&it L. 22T, nid~vtef FOBEREDHA X, r <nid~vbvrf D727
THs. ZhiF, REDFHEETH - 7, Buchbinder Feldman-Schwartz [1] 12 & % O. (12 + \/rn)
D7) EFEHITZ7LIT) X006 EEEZHELTVWS. ZOHEDZDIT, AIFKTIE
Chekuri-Vondrék—Zenklusen [2] 2ZR LD T ATV XA KD B EHBALD 7 VTV X LR
FH U7z, 723, ABRSEIE ICALP 2024 ITHRIRE AR TH D [3], 5Eilld 2 b b2 BEIcs kv,
2 FEDaSEBRERKIE

FEY 2 7 BEBEKILOWSEIE Nemhauser—Wolsey—Fisher [4] 12 & - T 1970 AU &7z,
W oix, A I OHFALEY 2 7 BBERKCIIFHELZER 7 LTV XL T (1 — 1/e)-3EBD3 R
TZBZ¢%ZmLAL ZLTC,ZD1—-1/e LWVWOfHIZP ANP 0 b & CEZHARHTERTZ 2%
WAL TH 2 Z e STV [5].

YA XK OBEBEZ —BILTH 2~ bua A FilHicoW T, Calinescu—Chekuri-Pal-
Vondrék [6] 12 & » T, HiHELL e LD 712 R A2 HAEDELEH LVWTFIEICE > THD
T, iR (1 — 1/ e) BRI Nz o7 1a ) XAFZHEHARE TR 20, 5HEEIX
FHICKREDr o7, HEY 2 7 BBURAIIHER L ICHT T OB A D S IFHICEERMEZR D
TR BUHRIZIERE R F T, SER 7L XL EZHAEL X5 2 WO MAIEAITON.
Badanidiyuru—Vondrék [7] &~ b A FHlFICH U TRIER@E AR 1 — 1/e — e ZENT 2
FADY X LTH T, O.(rn) FOWIHA 5 2L v BRUEF 5 2 AAD 2 2 T 5 &5
BTNV XA L% L. 2L T, ZDFHERIE, Buchbinder-Feldman—Schwartz [1] 12X o T
O.(r® 4+ /rn) ¥ CHEEINT=.

3 ERER

AIFFTIE, (1 —1/e —e)- BT 1Y XL TH - T, Buchbinder-Feldman—Schwartz [1] 1T &
2703V XL ED bEHER, O (yrn) HOMNMF 5 70 L BEIEL 5 2 vAD 2 ) ZER T
285703V A uziat L. ZO#EX, Chekuri-Vondrak—Zenklusen [2] 2MEZR L 72 AL
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TNUVIVZXLED SEEBAD T NIV XL %E{EI Ko TEMR L. ADT LTV XLICE
WU, t HOEDMEE TRBEIN L~ a A NEZHAKNORBI AT E LTEZ 6N, Z DR
HE BT Z e R BERICAD S, oD 71T ) X4 O(r?t) oML 7 7 1AD
XV REHALTWERS, KFETIRIAZ OF3/2t) MICE L. ThAZERT 27012, %5
DAY ALDESARREET 2 2 BRE2HAVOTERL, M7 2 7 LoAmEHREzZHw
2LV ELHLVTAF TRV &5, mRICHRBKE RO % =912, Nguyen [§] &
Chakrabarty-Lee-Sidford-Singla-Wong [9] 1T & o THIICHE R XNz, FobdD~ b a A R X R#E
DA BRI 2 ERLIC W STV 2 5T 2 v .

B AR EEAYE VI XEHBHICKZEFE I e b T2 Y 7 4 BB |, JST
ERATO v = 7 + JPMJER2310, JSPS & & JP20K11692, JP22H05001, JP24KJ1494,
JP24K 02901 OBk %3213 7-.

BE 3R

[1] Niv Buchbinder, Moran Feldman, and Roy Schwartz. Comparing apples and oranges:
Query trade-off in submodular maximization. Mathematics of Operations Research,
42(2):308-329, 2017.

[2] Chandra Chekuri, Jan Vondrak, and Rico Zenklusen. Dependent randomized rounding
via exchange properties of combinatorial structures. In Proceedings of the 51st Annual
Symposium on Foundations of Computer Science (FOCS 2010), pages 575-584, 2010.

[3] Yusuke Kobayashi and Tatsuya Terao. Subquadratic Submodular Maximization with a
General Matroid Constraint. In Proceedings of the 51st International Colloquium on
Automata, Languages, and Programming (ICALP 2024), Volume 297, pages 100:1-100:19.

[4] George L Nemhauser, Laurence A Wolsey, and Marshall L Fisher. An analysis of ap-
proximations for maximizing submodular set functions—I. Mathematical Programming,
14:265-294, 1978.

[5] Uriel Feige. A threshold of In n for approximating set cover. Journal of the ACM (JACM),
45(4):634-652, 1998.

[6] Gruia Calinescu, Chandra Chekuri, Martin P&l, and Jan Vondrak. Maximizing a mono-
tone submodular function subject to a matroid constraint. STAM Journal on Computing,
40(6):1740-1766, 2011.

[7] Ashwinkumar Badanidiyuru and Jan Vondrék. Fast algorithms for maximizing submod-
ular functions. In Proceedings of the 25th Annual ACM-SIAM Symposium on Discrete
Algorithms (SODA 2014), pages 14971514, 2014.

[8] Huy L Nguyen. A note on Cunningham’ s algorithm for matroid intersection. arXiv
preprint arXiv:1904.04129, 2019.

[9] Deeparnab Chakrabarty, Yin Tat Lee, Aaron Sidford, Sahil Singla, and Sam Chiu-wai
Wong. Faster matroid intersection. In Proceedings of the 60th Annual Symposium on
Foundations of Computer Science (FOCS 2019), pages 1146-1168, 2019.
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1 IIC®HIC

RIFFETIE, ¥ AL —XEECEEEIERT 2 M REUTER (DAE) 28O BLAD & T3
%. DAE OfEBUIEMEN 2 L X OERETH D, BRI KE R 2 ZCHEIREREcR S, &
NWE TEIEH RN (MNA) B X CRABNT 2 SE X 5 DAE OIEROENBEAIITONTE
7o, HELKER L LT, MNA Tld DAE O 2 INICR 3 Z e HIshTn5 (1, 2] —7, &
HIEFTTIE, RLC HIEE% IR T 2 DAE QBRI L LIRTHD, MNA 2268 X2 DAE ©
TRz AN Z EAEEHE ATV S [3].

AHFGETHEL T2 v 4 L— ROETRHEORIE, BMFTH% AT (2) - ( Og g) (Z)
rigEng. 22T, (i,u) & (i,0) X2 00 FROBERE BEDORTERT. Irx AL —X%
BUGE, WERAZORTH->Td, RAMBNTH» 58 XN 2 DAE O 2 12k 2B FET
%. BRFMTHIE &L DAE 7 VOMHTTIE, BEFEZET X <AV SN 3 IEEMEEDIED K D 7
elwize, THETLRERIHLVT Fu—FBREICHRS.

REFFETIE, ¥ ¥ A4 L= EURPRAZRBEEZ MR LT, REMITE X MNA » 58X
% DAE Of8E RIBEGEIC X > TR 2. ORI E D, g~ baA RoU 7 ¢ [
FZREL 72 ) X% HWT DAE OB @S#ICHET 5 Z e TE 5.

2 [ER#FIc TS O REBERFZRAW 7 0—F

~ buaA FHEROERELZSHO O D, HEo—Er@EIcET 20 TH 5. B OREREE
ERTII57GC TR 77 GORBHEF BEI v AL —RDRTELHIZELD, 7213,
EHHbEFFERVEE, FREAEREVS. EAERFPRKTHLLE, FrEFGREWS.

FIE 1 (4,5]) EERTFOVEHFHEEIHIARIX—XTHLEVHIREDD & T, I, F v 3
YR, Vx4 L—RE2AUEBHME—DODEE S OREF IR, 777 G XEAERVPFLET S
ZeTH%.

EHHRE ZOF BT~ e A F) 74 BECKRET 2 Ze2HoNTnS [5. v R
AR T4 X, vy F OB~ taA RRIXEEE L LEBETH 5. Fiic, v tn
A4 ROTHICREARER G EIE~ b a A R0 74 Ry Xidh 3.

Mg~ baA FRU 74 METIE, FIEEE C 233170 A, 5 C ORTADHE I 5
Aol &, [Tl AICBWVWT X C CIIMIBT 257 PLOEREDFEHIITH D, X B IL O
R7DPORDEIBEE X OFTREIDPRRODBDOERDZ. — D= a4 KXY 7 1 B#EIX
ZIEARER AR CILIR WS, S~ b a g RRU 7 4 MR R ZHEARM 7 L2 ) Xap5snT
W3, SEFETE, BADERE~ MaA B 7 4 BEICT T 2 2HEAMBE 7 L) XL EFRIH
TW3 [6].
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3 DAE ET7I/LOEHICHT 25D

AREFFTUE, MAZER, Fry o2, A VX 7%, &, Vv AL —XEEURERAZREZ
Rr35. HROMEMEERT /772 GLl, I Y v M L—20%ESE T b BL. RAEME
FrCidEs, MUEHRMANORFZ E, & B, K0EIT5. 122, F¥ X0 RIEE I, A VX IR
FE, ZED, Sy AL —RDORTIZE, ¥ E, OLE60ICEeDTEDZ EIICTH. K,
G DEHAD S5, MAIEER, ¥y &, E,NT, E,NI, 4 &7 X0k ZEBENCET
RT 2ER BEENTE, E,NT OFEFEL E,\T OBEREEK L 2% DAE (BRE&AER) 2
H3 3.

G AZ DAE

20 | pa(r) = q) 1)

D aF v H—ID 1 IR TH2REFD5%MZ, 15 A+ EQ PIERITH 2 22 TH 3 [2]. 7=
L, QEQ*=Q, imQ =ker A 245174 TH5. G2ohi DAE 2K (1) OB TRHEL,
191 A+ EQ 23R L T2 OIERIEZHANS Z v T, BT 2/ »Eohn 3.

777 GIREBOWTHNETRE F v o8> ZIH BT 2REMN L, 1 ¥ X7 & M ERITICN
BT ARERE L7 7% G° 2 BL. £z, A VR IR M BEBREIORS Dy by % LI
v by b, X ReMVEREE?ORLHE (L, vy T XOALOHKIIRL) %
CV I L—7r kX, BIKETOYHBEEAHN RS X —XTHZ L WIREDD & T, RAMNTE

MNA 258X 23 DAE OFEBIEL IO X 5 IR o 5.
I8 2 EAHEROEBIEA 1 THhAIRETIRMZE, G CEERBPGFHET LI THS.

FIE 3 MNA »5EH X2 DAE Ofs80iE 4 1 THIZHE+ M, G2 CVIiL—7Y LI
v bty FBFEERET, 20, G° REEARBEFEETZILTHAS.

A

(it

HEE AWIIEZ 2022 FFEE 5 2023 FEOFRAERFERENFOINR 2 Z T DTH 5.
BE XK

[1] D. E. ScHwARz AND C. TISCHENDORF, Structural analysis of electric circuits and con-
sequences for MNA, International Journal of Circuit Theory and Applications, 28 (2000),
pp. 131-162.

[2] R. Ri1AzA, Differential-Algebraic Systems: Analytical Aspects and Circuit Applications,
World Scientific, Singapore, 2008.

[3] S. IwaTA, M. TAKAMATSU, AND C. TISCHENDORF, Tractability index of hybrid equa-
tions for circuit simulation, Mathematics of Computation, 81 (2012), pp. 923-939.

[4] A. RECSKI, Matroid Theory and Its Applications in FElectric Network Theory and in
Statics, Springer-Verlag, Berlin, 1989.

[5] K. MUROTA, Matrices and Matroids for Systems Analysis, Springer-Verlag, Berlin, 2000.

[6] S. IwATA AND Y. KOBAYASHI, A weighted linear matroid parity algorithm, SIAM Journal
on Computing, 51 (2022), STOC17, pp. 238-280.
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