ETHERRE/LMSAIEIEEERN
Tk B TR B ELLBRR

m =

FEOPIRE R ALE AR R AR R A T R oL B TR B ZhHER R, AT
HUTENL AR B8 R 50VE TR B ) PG o AR DA F ) ) % 2 4
PPEIALEMEEES, DIEREEARERRIERNTL, JPB®Bah. il Sk iEks
Gi—H A B UFERT

BEXFIRIR — , 455 U v BERE AR R i 1) f Sk i) 2 P 20 o), Gl A AS Ak 2g . W]
FAVERERN N A SR 2 O X, KaaHE. TR KBIER . EH Xk B AR S
XY, A EREE SN REAE; FL=ATE A BRI 40 m AR
PMRIE— R BR, WA T e/ M Bl ] 2880 20 m i 7840 0E

EEXFIRIE =, B R kR BRI RIE AR SORIERRIL X 5k ok fir A A
HALE M 1000 m B 5E238 . iF B ER T A3k iR e /ML BB 242 8 1500/ (208 6), MR
2204410 1.005° I, B2 249.885 m (784> A Gk f . 7RSSR FIBE B 1) M M
B, FEREPLLEL 37 AMEIE R RSN BB 5B 3l o

ERATmIE =, MRS S AN LS . EIRAR 1159.7 m BHIE R %
I BB B AT 984.539 mo Z5A (RSFIAS I IE SOV I BE T 15 B 1 25 08 55 5 TR s it
REFERE, HR G IS o€ 58 BORAS o T B 7 IER e 32 3iE R 134 15 AN, F
P 8 L TG R ] by 238.075. 232.889 s/

EEXTTRIREIY , DAL 5 5 1) AR 2 SRAL B 5 R, SR 31 R A Bl T
AT E 5 A RS G 2510 45 49 RUESUE B HE A IERT , IR B R O
T RBIRABTHIE R A . Wity IEIE R B RR 13 10 MR, “PX @ AL iE BRI E h
720.171. 927.130 s/

R PG Y E SR BRI R . SR BR I A B LA test
H g BN R A L HICRS T, MR ESGS E @07 B4R B AR A IR
B, MAERERSEE, ME=. RS SRIERIEFERIER L.

REIE: ARRE: RaEh: RMIER: B3 Em s



1 [O)REEA
1.1 EfEE=

TE 2% HEL T Y RIS i S (07 2 A A9 P AR B AT 55 o ME 0 I DN X ek 2 2 i B
Fror AR JEE G AT et M 1) A A, DAZR /ML B AN E M I 52 B bR . AN Ay
BB i — RS S AU 2 S e B I ALE 0 B 3 58 X —id A2, b AN e N fER 3A
BT, JFYE TS W 58 s ] [1].

HARXIEA Q = B(0,1800), Hfihk, Asbriiafligmsa. b SMEGH 1 E
20 I — AP AGE . JREECR 10 E 16, AREZICEERA, AT 1000 5 1500 m Z
o RriR B TCAES EPER SR B N B R ZE N 10, [l —Hi R E A A
AW RIE . NIRRT B E L5 5 1) PRAXHE AR S0 5 1) 45 90° By Pl 11 T
&5 o

ML MBS 8 1 A, DL m/s WWEZH 3, SHUEARERI. —Jck il
i 5s, PIAIAERERS 1so BRIFEAEL 20 m B, Jez @ 55 AFER 5 s; TR
RWAN AT 3 s HeFhn A m ] (ERRAA TR SIHESM IR, EFEA®EE 5 m HAglg#E
WAESH, REEEEGER, T EEPITIER. BB RIERALE, Plds s foir ) &Lk
AR [2] 6

1.2 WRES

(1) Bk /R B, RS M XM R, AR LIZER N E
AR 154 B 75781 i R L DX o

(2)  BAI—AEUEAE DR L, B 5 A I 5 0 DX 5 0 R . 7EJRIIE
BRI SR A T AR LT R E L8R

(3) R ARIA BB AR EAMERREE, RS AT TR
P REI R R T ISR

(4)  KesRmsHfe) B2 5 5E m PR A T, AETESHEC, 45 WA %R
SENL THFRFTE B BN SE R

A H BOR i = P SE R ERIETIE, FF R IR 2N H e A8 SR Bk IE 4K
WEAEEFI W, G5 RERE =R ICIRES . XA AT 4, ARIRE =ZIKES
RAE, WA HERCEHIT.

2 (a5

VY i) o, BT LART 234 B 25 PRAE LR SR AR B BE 5 2R o IR — BRI O R B T 1R 2 Y
WERZ LW G N EE T HYOR T BRI T7 16, ARELY HiME— (L B ERIIX
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B EAREUN, Hfam s i R R RE B T e AR (2 B, R R AT HE B S
(2RSS

7 0[] I 52 T LW S i T B i 2 BB SRR B A8 23 A T RE A 5 — R 8
W, SEOAES: ERERTARE S O T RGBSR 2R . PRI Jo Al T RER RN EL YR
YRR XS, BER P IR AN “RIERE SN BRA TS EIEN,
BRI B TR TR B PSR

vl = 5 AR R 1 R L BRI AR WX o R BUE TR BHGR . AREHRER
W AR AR IE » A SC LB o RSB IR A PR B R Bl A . DA HE R AN 7T e
fEE, Dle/NE B ik R, @ iR s L S5 5 e A 55 Z AR IR

[P, TofE-SBERTREOR HEE RS, T RESR B w1 AR BR8] 47 s ir
BRI O 2 B 5 R O B S I e G LI R OR B AT REEE R AR A TR
fs DUVR P T R AN 32 0 1 BR A Ao, B A7 T R R /N DX AN PR BRI 5C R
K 1.

F0W ¢ & 45 5 B
N/ R JLA 4h £/
B/ EfFES W A%/ 1
56 B AE AR BT
AT — A3 1E BRET S | RBSHHR
Foal T SRS B B/ N/ TEER I
1B IR

BT POl A 5 DR PR PR o 8 S HR R i R RS 20 ) AR AN R R 3

3 HERESERAF

L 1 PRAOALE. BE. RS A SRR — R RS, AN [R5
EEATI X5 SRS S s H & vk — 2

BB 2: R HERRICEERS, MG B Ml N LM, Wil . by
SENL 5 T BRI RE I A R AT AT

R 3. JURIORIE A S AT TR E A BT 5 OB s 1 PO/ iR
2, TESMABI 0oy = 1° 4 0.005° ZFANEIEARER, ARSI Y
R

R 4 SRS URBCE RN, A IEEE. 5. K O g s PR ] IESSK
Bk A s IE AL DL E ) B 75 T8 S I B



R 5. f5 B AR5 T DLVEIT 20 R FH 455 b A T Je 3 S e~ A A D R SRR 42 3K
A H R X BRI, MORLUEARIERRC Bh% 25 FR

B =T M BR 2R A A E R BUER B S Sl s T e dliksE. IEsUHER
SRBEATF LA DAL T, A SCAMBR B C AR AT H A (0 I 5 0 55 R ARAR o

1 U

#£1 FEEMFSKBAL

(a2 5 By
Q2 R AL BRI H R, R = 1800 m

9, Si, q HPEACE. AR fRRa i S m

0;, 0 NI BRI A JE BB
u() AN TS W] ] & (cos a, sin ) —

Wi, P 565 4 NI ) AR S B At AR s A -

K, P" AR ¢ MBI 0L E S R AR SE M M -
D(P), m, p RIE AR /ML 8RO SR m
R_,R. BCER T BB, 45124 1000, 1500 m
Q(K) MG K PRUEFEI ARG I A5 X3 -

l, € WA 2K A O B R 0/ V2 m

v, H B Iva) K2 3 o) S RS 4 B, A
L, T o 31 6 P 5 S R FUURE I m, s
Ny Ny N, NS R 3085 i RR. RMOEERIKEL K

T, Trea P84 58 L 1 BRI TR) S A P a2 47 I ) s, s

BOAHE S = A R B AR RCR AT s i ° IR SEHRFENINE . iC [a,b] = a.b, —

ayby M HEXAN, Blc,r) JpAE .
5 B#—: ARRERSEMNSEEE
5.1 RiEAEAYFERE
B ERMA s = (S0, 5iy) FEAL 0;, IRELREIRE B LT HANLT [0 — 6,6; + 0]
Wo B RIAT 07 B T 1] £ 35
[u(0; —6), 9 —si] = 0
Wi=¢9:[u(;+0),9g—s] <0, (1)
u(;) - (g —s:) 20

v



SEARERBYE N ar + by < e, HIERRK N
(sin(0; — &), — cos(0; — 9)),
(—sin(6; + 0), cos(6; + 9)), (2)
(—cosb;, —sinb;),
A AR RS s BTN FE0 <6 < 90° I, HIPIZRCRRERTRZE AT HE50
AR T e, IR IRERFTERN B M IE B S B k. RAIETR . RIXFERH
hAbPE 0°/360° 2557 -
Il — 1) 25 3 T % 7 X Al e

P=(\W:={g: Ag <b}. 3)
=1

RSB JREEFBUNN Q SRR S m ST R Ea, (AR
XEEH A AR N R — B ELAR SR PR 4R, MR Bl &BL
L 2UBIT W e s

52 XEE. EEREFER

LRI k= 3ne IEBMAAFATULR az +by = cv dv+ey=f, BELRN

ce —bf _af —cd
ae — bd’ Y= e —bd “)

AR EHAERRNRZ N, BEEEMRREN USSR TUNES. LHE PR

5478k bR , DUREAR TR RBE AR AR 22 I PAT & 5K, BhHE
Ui A 15, A RE PR 4 X I ELAR

PRELMER R BTG5 20 A IR EARE TR . SHIESEE € LIFRHE

R ={d: Ad < 0} (5)

HREEZME, WMg+tde PRAL>0Hr, RBER, RN +oo. HELH
HEATREL RGO RN (b, —a) 5 (=b, a) 2EHLEEHFRAEX. AEED
— AN R EABRSHEGRELRN:, WIS BTN S ElEm NGRS, AT
RAZ B IR E B ToW I N 0R BN, AR AP

BRAEE XK, — AN S s, AT S S R BE, A M2, 6%
BAALEXWMARHEESE SR, BFUBSRERE WM AL, FF8EEHE.
R B AR N B
53 BERS5EZEREWNHE
il 1 (WS EAR). % P =conv{vy,...,v,} IEZHR, M

D(P) = max v, = vy ©

5



EH. R v,y € PR A E v =30, v y =3, myvie T REIEAHSHE
M1,

lz = yll =

D A (v; = vy)
i

RILT RS AL T P, BRIk, O

< g llvi —vs]l < max [[vi — vyl
i, ’

LT TR XIA IR R, HEBETREXE, HEER O(m?).

il 2 (B E B S FEE ). BB GR, a,b, & D = [la—0b]. o= (a+b)/2. 7
FEHAESET D RS P, S HY

UQ%JW—OHSDQ- (7)
IER. 2P D2 MEE OGN 2 HEE a,b, WD <|la—z[ + ||z —bl| < D. %538
iz =00 RZ, B AME, AT ESENNNE. 0

EEAEA BT, W B AT S R B e = max, |[v — o — D/2, BIAGE|A hsr e
AR REUEYE . AL UL AR b w7 5 A _E A i e A DXl 7 5

54 REISAERER
W% =M
A=(0,0), B=(40,0), C =(20,20v3). (8)

HEZHM 40 m. LL AB HEBKIEC A (20,0), 22454 20 m, {H C &L IEE K
20v3m, fIFE SN, HE/MLEEELGHA (20,20/v3), K 40/V3 ~ 23.094 m, [F6HE
KT B 2 RRpREmZE7 .

BIARTT A 10 fi v Ok BIANAR I & (—1000,0)s (540, —500v/3)+
(520,520v/3), XFRi7R A BER 102 121°, 241°. Z AR —M 2 54 = AT = 4 i
2, H—MARAERN =M, Woenh ER=MAT . X—WiE R THE — ik
i, FHAE R LI S

Xof— e X3, e S/ ML ]

P) = mi _ i — 2| 9
p(P)=minmax|g—z|,  m €argminmax|g—z| )

Hih 2% =ASHERiE . nH Welzl BEYUEEF LT (4], SCIUR A B EREHL
P R Ak, IR AT A AR A& R R TERFRR T, 3 p(P) < 20,
T om EERBIATE A T RE R FSE SRR p(P) + noun < 20 BIFEST FIHE
D(P) < 40 RhEZA, HIFFER D S5 4F



— w/NAFEIE: p= 4()/\/§

A HRE: r =20

_-

AB=BC=CA=40m

K2 HERAEESSFD=AE. EDIEIT RG], ARt .

55 BE—RERE

Bk 1 AR A2 S EEREAE (XA algo-1)
BN [ BUERRI R s BERIRZE A
Fthe KEUIRZS. Tis. B, EREME SR/ E .

LB ES, EETER: EIE— AR, AR 30 Gk T
2. MORAEPATIRAE A (ORI ARy TR £
3. TGRTAT AR 20 AR AR SR R B S 55 B A
4 XTATARETE, RiVEL, IR M KRB gL AT
5. HOERGLTUA . 315 Dy il o, A MM o 7 Nl D/2.
6. RE/NMUFEIF, AL SPERBEAR ., i ERIE S

WHRAZ mMER OR?) I, B RACHE b R4M, EHHEEN OF); e RIFH
O(k*logk), BHAMAER O(m?). Welzl FILERALARS T BATRLIER ], [ &R
SEIAERREIRI ALk o 20T 5 SE S0 B, ST 1R 52 100 M
R RS A B 5 S

6 (AR PRUERERMAYSE SR Rk

6.1 RENESEAESREXE

BEKAHBREEER (s,0). ARBALBRIRE A, i IR B ] AN i 45
ekt B

K, = QN W(s, 0,6 NB(s, k). (10)



Ho il R, = 1500 ik R = 1000: YL R{E 5 IF A REHE L FE S /NT 1000 m, direction
WEREEE KT 5 m; N THRFER, FELATBRXA/NEE, Ra2/RE TR E,
AEHEBRER

SRS B4 K X
Ficlg) =maxflg —gll,  QK)={q: Fx(q) < R-} = () Blg,R-). (1)

geK
2 XA B U FE R A AT RE IR R MBI N o Fie 2™ B3 HOA 1-Lipschitz,
I Q(K) ZRiME. HX (9) i

OK)#@ <« p(K)<R.. (12)

X eRRE 5 i T AT R AL O e M L[ AR (S
TELAMIEZ WEFORIA S, FEN PR . w0808 M. #EEHR r, S
LI TR rsec(n/ M), Hiag R B H BHERS

en(r) = r(sec(m/M) —1). (13)

BN M =192, HTEANRZCUSELZDE S, FIEHFE K C P FsRk P
S Brdse /MBI B B(m, pou) . AV HEZ A TR RIFER ST AR 4R o
H=MA%EN, maiefh
Qin = E(m7 R_— Pout — 77) ) n= 10_3 m. (14)

FEqc Qu HHB gHR |l¢— gl < llg—m| + ||m — g|| < R_ —n. FHILE = RKEM—
M direction Bf near. FHEEE MM, HEERHHXANFTEOMERI, ArEtEILLM S
B RIS REREEGES, R T RIE .

6.2 EREMTRISARATIRER

A AR L DGR BRER, BRI Q, FIE S =W(s,0,0) N B(s, Ry

W0<H<45°, &
R,
a:
2co0sd’

Gl 3 GRS R NI, F3R S BRI B(c, )

c=s+au(d). (15)

JERH. ATH g = s+tu(0+¢), HF 0 <t < Ry || <. F |lg — c|® = 24 a%—2at cos p.
HART t A KA, RAREER MG SRG. t = 002h o®; t = Ry BEAEE
R% +a* —2aR, cosd = o, WUAEIMEALE.

FRGAR = s, pe = s+ Riu(0+06)o ALE AL =1/(4cos? ). \g=1-1/(2cos?4)
A EFA 1, HF.0H co ZHIE ¢ B a, IMERELS 2, IACETER% T
a®+ |z —c|?, MED—EE 2 AT a0 FMEEZSBERERYRNT 0. u

8



BT K CS, TR

— 1500 1500
qu(s+ )

0.1 —
2cos§lK ), 1000 2c0sd

B i SR ) — Bl B ARG DXt SEBRE AN R 4 1 mme ESRFE TIXIE,

FARRAAT X QK1)

2 vz misk6) B

WENA PORE IS o/m REERE/m
1° 750.114246  249.885754
1.005° 750.115391 249.884609

(16)

A

TELR TR RS Q FBTJ5 ) se Bt AR . 18 H RE AR AR AT 38 K R T Pl [ 5 3
R FEor 22t AT AT A A, 2B R ST Al E A M2 5L

(LESE

AT A1 I B /)Nl L

PRUEFC RIS

S C
\\\\//// B UCERIBT A S

(BT R VA B A N 3 S

B3 5 RO X UG & L SR 12 2R [l —ARbREL 2 il o



6.3 ENBRIERS BRIRE KR
FRAH A S i AR

min sup p(KlﬂO(q,y)),M , (17)
9€Q: \ yey(q,K1) 5 lex

Hep A aiHLes NOLE, v FRaTRENI, O(q,y) AR A FT4E, Fhrfniks
PR el AMEBIR RS, /DR IFES o J7 4 KU B A, IR EE A
ST B(q,5)0 X EUANIRAR3E 2 i B B MUK B R 2 T R T 2R

FEBEAR IR TSR A 1, 4 W B R A PR Bl 723X (14) BB 0
AR 0.4,0.75, 1.0 AR _ERBC 12 N5, MAEN (k+ 1)2r/12, 3537 . %
AL ¢, T8 P IR DAKRT 60 m @ EBERAE, &2 A X WIER gtz
4L bearing(q, 9) & e, BB G W ER/NMLE KRR, I AMTH near 43375 W
PSR RAEAE N T(q)

HEHUE (T(q)., lg — pll /5) BN A SAJEA BRBERIBE NS B 15 m ERHIRS
PR S T AL E SR EBUE. UL T R RINEI I RESE R, SRS
IERAR 25 B3 N S A SR 2 Rt A . R0 PRIE T H 22 4 S8 37 K 3T
B2 PRUERO EZDIE R (TR algo-2)

W BRNEERNE, SUERCERHMGENIML YHEiHE.
B TR RS SRS IV R RIEIRZS o
L. I AR A (10) BSML 2% RS0 R A ML,
2. HHEE/MIE R 2e 43248 b = 1000 — poy — 1073,
3. A b <0, REELOCREIFEIATCORIE; BN AR 37 2Bk
4. N A R LIE 5 7 TS A e, AMNIEBE RS . A T,
5. HIRIVESLSE. BB ER LA, IFLL 15 m DLIERI R
6. ARAFHOUMN 5 L near AIRIHITEER, direction NIZKLEAR & IHERIES, A2 RHE M

i

RSN Nov WIEECR Ny Z30T6T R m, — BTk O(m), EitHE R
FER O(NgNy(m + Cyvpc(m))) o FAEE F AIE— B A1 30E ORI /Nl R4S, {HAEZR
BRIEEE R 2 WARET , AS B 0] — B 4l A 38 B AR SR RS o

10



7 EE=: £EEENEBESRRSRINAE

7.1 G—REERSESRKE

BN TR SN BER A L, Al 3850 SR D AN WO BR IR B 53 ) 4 N, Ny NF, N
RN A BoRg Bl E] A TR D BRI, S READURRIN Ay

T:§+ﬁNﬁ+NmeU+3N, (18)

itk B br R FE 2 TR B R AR FiR/ME T BUH G B-F2 e AL SRR e T =
T/NS; AeeHERIERIERIEE 5 s R TERIERPHBER B iiE, s
M ATUAGE s #6N5R YA RN ], B ARZ S H il ToRR R B R A

FHERIRSHE RN C LI 1R TR CIE IR E 3. | kA3 direction

o near BUBASZIZAUELFAEIR . JURNEA U ERE ST FR, B B A KR RSSO B
FRo TCURBIUE LA o B R SEHEZS HIEYE . BB HES LIRTE S5 ELREHEWT

72 tREEMRATIERA

ELYSE ey
S(a):{(0,0)}U{a (cos%,sin%) :kzO,...,5}. (19)

i 4 (EEAMER. 40 <a/V3<RE, £ g € Q BIRILN, AR #

Deoy(a) = max {% \/ R? 4 a2 — \/§Ra} . (20)

HERA. ¥ g BER N v, HO O S BT IR A M Rt 7/6. 5 r < a/V3, BEHUR
BT, 5 r > a/V3, ARTXEH, BEHRLHIEHEF B r? +a® — V3ar. MK
AAE [a/V3, R] LMIRRAE T, 4900 o*/3 5 R? + o> — V3aR. O

BT bayes FBEEL o = 1159.7 m, X (20) £ Doy = 984.539136 m, i Nzl
/Ny 15.461 mo FILEAEFe MR 2 /DTE—uli gl . JEMETE L 2R T fE
5, U B IGE N TEIR R TR RS . B SERAC U R WA RG], B ST
AT A AR E o

R AR R 1 75 A Bl 1) 1] B TP T 4R 4K O 6, (H SEFR B 200 B3 8 00 5 T BR
Wit%, RE¥ 6a/5 MAEAEST EFERT . Fii 49 BUTA& 5242 1200 m H)-L it B R 47
R BB TR AR X IR s ASCAS I BATE B 85 BVERERCS: . DUORSrSE IR ok
BH—2
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FL: WALEA SR
ME2k: NulifrfElR
EAEE: 1000 m Y HRIE

a=1159.Tm
R =1800 m
FINEEE < 984.539 m

K4 brRemEmmg. BamsokERRESH, SRR LR

73 EHMEIRERIERR

B TR I GELET N IMD PO, direction ¥k S B(s, 1500) 4MIIZ i &
M) f A RS ; near 5 B(s,5) AMIZBIEAAS . £ MUK no_signal FIRE

lg — sl > rer > 1000, 1)

HHERR B S e A, BN R AN EAEORR SO R 8, 1 25— AR SR A
8 G AbHE
PRI € = 14.65 m, AL SRR IBCRBEES N ¢ = 0/V2. YIHIARIRE T
AATRES Q ARSCHIRS, HELUT S HERR A O 2
no_signal: |z —s| <1000 —¢, = MBx;
near : |z —s|| >5+e, = MEE; (22)
direction: |z —s| > 1500+¢, = Mk
Iy T S 6 2 d = |12 — || > ¢ BFFAERS 31 RAI T B 2577 Bt arcsine, /d)
ESR s SCHUE S OR AT A PR N ARRRCAS , FEAE DU LRI AT LA o AT A 22T Oerr
TR PN AR A BB A B
TE LR BASHER AR AR T . IR AR AN S PA TR MM FR o A L S A7 48 O 25 T IR W]
GAGEANFAED . om0 (|2 — s|| > 1500 + ¢, WIFE s MELT(E S
HFTA 2% O/ MR R B, A BEH R BE— B HRRR . W1 Bk FRFE IR AR i
RAEWTRYE . XS T o CATCAE B R BUE X E G S I AN ] o

74 (ERIBEHIESSERIER

Wl AL 2 TR E NN 2 )5 % s BRIA BayesLoop R Al 277 MI#%_LHI{H
BV AR A IR, G5 AR 7 A R AR o4

12



FLIAER A dc/INBIRT AR AR R IR YT B 2 5174, BmItdEr ARy g
SVE 2 BRI IRIIE . PR ¢ 15

_ Gl 198 e, Y lp—all | llg —me]l

Hr A =0.05, 250 3T IER/MEBWT . BUNHOSECE A EL T RRE BORE Blcas . 7
I BR A D MR W = AR GEA T o PP iR 2 B 800 ASFAEA K 7 MR BE, FELAYS)
rerr € [1000, 1500] Al THEEMER o X BLAY" DU A BUXRH R B 70 SCHIIAL RS, AN4% [7]
T OB T SEH T RS ST

LA P e R it A, TR Bl TP R . (R AR R TR BRI A

pe + be + 0.5 < 20, (24)

He b, > 0 AR RITHINRE. MZUEASCHIMIEIR, po EZ%LIREZDLTEH
B be B EAIE IR AE AL IE R PE R A AR HE o 7 DOULIMIfelE A TR I, e
Al A

Parid + €5 + 0.5 < 20 (25)

FIRIARIE S . o pera AEAAHE OB B/ BRI A —IE T RO AT G B .
IEBHARE, DREELO YR E PR A, HE p+ ANBEEIES AR, a5k
A =M AE AL

75 FRURE ERUREESHEF

K—T5 KOS ZRTS: BHEEPMERS. CRIFEMEMNE. CHIERR
TR Sl PR IO S e I e ALY RS S AN B AR — KA . XTS5 7 7
HeFP AR A . )

1P =gl ~= || = Grjia
C(r) = T+;W+;tﬂj(cﬂ), (26)

HoA g5 S TA] ¢, AROE AT S5 I HB0E . TEBRA SR ISIE . MBS IR, BR
IR Z AT 4 FETTIRBR A 2-opt B0HE s BRI T Y RTFAI I EAESS . R E TIN5
WA SRR o XAEHT A BURY I W4 5 0 175 B s R L IE TG Y5 A5 4 B % i e 2
2o MHIAR R FRHIESS P Eh A S B RIEAR RO %, I AKX L AT D RE S
BRI SRS FR BE A 1R RE SR T o

L EEALE AT DU AN - ZORBEEPRAEZ AL BT BERORIEAGE . MG IS FRIE
P, BB RN — LS RAT SRR B Wi a ok B i o
Bodlo [ ERE R E, SR IR A RE S VE S AR AT

13



7.6 BEZS5REMEH

B3 GaER PIRCERT SIRZIAE (RRL algo-3)
N ESHG BuhTHR SYERIED . i BRIEAPLRS S S ST
LAl -G R AT B S ST, AR BEARAS . B SR ACR A AT AR
2. BENJERB RO E . BUE KRBT, DB HITAE BRI IR
3. Myt EAAEERTS s Bl REASIEIITo s BRI I .
4. FEEAL RS I BHAR 2-opt HEF . PUTEALS, A IREEMBUE RS .
5. A HBLEERIES , ZHERER: TG SethsE W, A E B ERRSE K.
6. #H O 16 A, s MILEY CsERea R RIS, MR . BWLRESER 25 BSEA
J B S B B R T AR R PR
ViR HGAE) 16°F RBECR LR KB 10 4 FUKBIBGR TR . ARl
SRR, AFERTAELER 16 A RS, WITRATHERIARARRSE . HE LI
SRR ARSE AT
B IED BRI VIR -SRI RN R . P44 ) 5h R IR
SISO S e MR R PR 8 M DL BB
W REANSEH B S BRI TR DU B . JFBURLR M I, 5B e
HMERG LRI, B S HUET B AR AR

8 mEM: BEBFRNERNERESEEHER
8.1 ERMMERGTESE X
BERMLT g, B A o TERNR ¢ 7T WA FEE SR

lg — gll < e, (q—g)-u(y) >0. (27)

SRR T WA . W)L H BRI 5 m iR [Pl near, MR Hl direction; {FAd]
— AN GAF LRI M no_signal. DRILTE N 224, W RERIERE 2 B0, ANRE
PRUERE 1A J5 T W, o 25 ORI B A7 7E D5 B SO T A BE B e 3 N . TR G55 )
DLA e S Y o B I e A W2 [R] i) f B B A J2 ) AR o

LE1F R e ot A /2 U o O A R A S S N B\ NS0 A T e B Ly SR B
THE P, PR EAES TAE, AR ZRER. &HTIRARN
vl AR S W

VgeQ Vip€[0,2n), Is€ S ||s—g| <1000, (s—g)-u(®)>0. (28)
XAE—TE X DL E . B ZonIR S A S ER
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8.2 FEBELLHFIE: MAMESIER

W S1 = {(700i,7005) : 4,5 = =3,..., 3} HMTHME Q. SMREEAEREN L
2k 700 m A T AR Y o

AL 5 (7 4 DU A1 H0 5 [ B 5. Slao TR 2N (28), of 4 [ 55 A 0 ) )R ) LR RAIE 42 B o

EH. Bt g BREUAA A v, .., vae DUARBE g BARERE X 2 700v/2 < 1000, H
Ty %@ﬁﬂ@&éﬁé, ﬁ?f Ai > 05 Zl A= 14f Zl )\i(Uz’ —9) =0, XME%EHW u BN
BLAY Nilvi—g) - u=0, BRI AR (vi—9g) - v < 0; BD—MLATH]
e P AT, LT I B A A o O

TIE B0 230 (5] A8 P 70 PO B S5 T AL SV O, (S0 B 0 P e 630 AN REHE
HiE B o X — 7 S840 IS A A% L IURIIE, AT B R -

83 31 REHEAESRITNAHEREHE

M7 directional SLHR A g4 _mincover_v2 P1Rl. FEBLRMELLYS S s; AIEHHE
FRARZS (g0, 0i) b€ S AR RE

Aij = I{HS] - gz” S Tdesign s (Sj - gl) : u(d)l) 2 ”5]' - gz” Sin’ydesign}- (29)
Ul U 1 T 5 A A Y
min Y oz, > Az >1 (i),  z € {01} (30)
J J

i A s 2O B A MR SR I RIAR, RAEAE BN AHERE (6], A
31 R R /D REUIE . BeTEBY Bl A 965 m BEES S 5° mi AR, R4k 15
m ALEME 72 ANEA SRS THRISCHHE R 3256 200 MR H R FEARE B,
B P BEES ) 990.051 mo  FiREINIR B L E B, AR T EULLE S %St .

IRk A BE H 4T A (28) WS E T 91 0 35 72 S B o7 B R 3 i o7
B e, SLPREA I RS AT o, JEIRIE WAES BEREEALE N do H=A
ANER PN R ERR, —HrFM0HR

d + ¢ < 1000, (s —g;) - u(vh;) > e+ 2dsin(a/2). (31)

T SRR IE (L B 0 5 2 Q, AR T 15 m JrAR @ AL B R 15/v2,
990.051 + 15/v/2 &~ 1000.658 m, T HHEI A : BAIEFRIAT A KRN 0°, HR
RS — R 5. BA SR 31 7 ZRBAZS HMASIIERN) TR TR, &
WRF TC A PSSR SR RIE . 75 2™ i R ILORIIE I, W] 2 L Se IR 49 T 5E: Yl 5 1)
] LINTEEMAL I, AReE R EXgit
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y/m

ek : PR S
W 31 /MR

r/m
B4k SRR A
FH TR v 20 S 35 R 5

-200! 2000

B 5 S 31 SR U Ae o sl s E RIS, AMREIERESFTE; B EIE A% F T
ST TR

8.4 (UESHARKEIRENIRTERN
XFE MRBE, FEALE AR A=A O 2 B H = 24 ARk, #4580 15%
& M, AT BER e RS . 7 1) 5 I BE B IR S B A AR, FEOR B AT RE B SR AR
SRR TS5 S HATEEARALT 1000 m RSB . A ] R D6 2R AT DAY i )
T 8 = bearing(z — s)s Ay = 7.5°, HNTTHLREN a., BEEARE N 9y = 1.5%
VA do RonI0 i B/ N ZZ . DRSFIRBE 54 h
WEMM: do(r, B) <90° + Ay + 1y + v,
BRI do(Yy, B) > 90° — Ay — 1y — .
S ATHY S SRR B FTREAS AT LAY, HERRIERG L IRTT W, AR BN A 77
EEC % N WU 2 1Y 011 B W T i< D VAT =4 6 = S L S s s v~y [ P
SE R S AR BT, X — R EH A MR IR AL B S B A%
AR RAGL R . REORMIN, JUH 17 4R IR

(32)

He=HO™ U HI, (33)

G R A 1) 5 R AR o AT AT RE A EL A [l 205 T MM T AN A
RPN E FRBOA S A EIRE 2 RO E . 2w AR TEE K IEW
e VR SE R [R5 4, JFIE L joint _empty ARICTRIRAY S 32, B HMAE S (33)
i 7 2. I, BRI A REIEZ 2 SCY AR Mg SR IERT . ©AR IE LA 1k I
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A WG TR BRI, R 77 JG BN S A8 e X — RO SRR S8 A 5. Al E
AR IERGH HER
8.5 FIMIHIESIRRIERE

HRE B Y T SR IR Rl RMBHE ¢, DS iR AR R4 Y BE B A

1, d < 1000,
w,(d) = § (1500 — d) /500, 1000 < d < 1500, (34)
0, d > 1500.

2 prob_detect ¥ ] ILE ] HE AL AL L R LARIIARY 2L 24, 3 w, J5 0L EAEAR Y
o MTFRIFRERRIARE, T WA LR K, BRI — (LB ] W T
G N LA A v AT A S A DR R
R RAFE RS 2 g M EEAT A KT BRI, BLA 0.5p, p, L.5p 42
RN AR HERRCHERPES S5, RE TR IR B Y FT R ME 70% A, IF
MR
lp—dall | llg—ml

6 35
Tt (335)

/N o L6 AT N 1 S I SR, E S RN Y UE T U
JoiE e e A R, B B R SRR IR R . BCE SR AT, RIS 24 R
AR SRR i E PRI o A R A BERA B B e se Tk - e YT 2 T 38 H.
SR ERH SN, W] DL IREL B HRIYI R, I B w TR

8.6 AMIREEEERRNE

M AR IRGA ] 8 YK, BUELSLERHR IR T 4 KA ARBUSERRIES, YR
SEMBE 2 BRI K 20 m TS B R . IREPTA 5 2B, LR O
VER G & IERR R N — SO B

lg — z|| < 10v2 < 20. (36)

Rk S HESm LR, RERFREESLIE ., BAEEROAE —KEAHE 20 m . #
BT AR ), 8 UK Ih RV 1k 4558 A iR o

EOMIMESE . B w, h, PRSFIEE LR A

= (519 (75 +2)

%ﬁﬁ*%%ﬁ@ilzﬁy‘j 400 5 Iﬂi?ﬁ%%%% Ncell tRTT,95 + treserve ° ﬁﬁ*ﬁﬁﬁ?ﬁ%iﬁﬁ EI]EJIS
PR AR AR RRIOW R B ik I LR R MUR & s s ib R it s
HE PO AR RS T RIZMESIE, RS A &L 500 RELE A FRIN A A
TE o
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8.7 BEIAMS5ERKFERR

Bk 4 SRR AR A SHIRNS R A (R algo-4)
BN RATED, EREISE. W SRR, RRE . PIL R
1 ATRCE S BRIA 31 AP PRI 49 AT
2. EFERGER I, A AU OES . B IO5 A IS
3. R GRS HEWBRAE IR . TR T I
4. RSB DM R RS DRIV G . SINARSR
S SRS T B . AAPIBT 20 m 754 T
6. BT HAURALIAR MRS AR HI RS TR P LA BRI O 4 R SR
AR T WA HE AR T A E R
S AR S R S O B4 R IR P =
HIg—fE RIMEAT S K A ZORTIRHIR A IR et . FRoR ALESLE st dl4h . 820
b SRR A FR SR B IR & SR G O, IR0 IR AR DI BRAT 55 78 e AR3C
X HRTSEIL FHESAES T e R 2 AL, AR G P IE XN C T 2

2k
He o

9 BARENNKERSHETHE

9.1 BUIEIEFE R XTI K RALRS

AT LI AEA T BR E J'E J7 A4S Jammers-simulator-full/test FPUAMIESR
S, ME= WEAIERTFS 1 2, XFES KRG0S WA REMM R . AR
project/results I IEPFINEHE . U ANKE by s R0 24 AR IE LA o

IERX . jlog MINEATHHE, AIFLHEEES. IEXFS 0I5 HIE R,
HBHAE AT A RE BLHEAF 518 JSON 8. AR YRR LT X B U B T 487t (7]
(1) X test HEEANIAFIH5E# SHA-256, L& J54A behavior-logs H [A] 44 3L

(RSN A0l

(2) P54 .result.json MM LEFITBAZN, WY —F: #MSCHER
SR 7P VAS Y ik P I N G = =K (=

(3)  XFATF AP ZE 5 T 355 SHA-256, A DL ACE /7 IEAZE 4030 % i
o Bt LT T H L ST AU X DA i i 60 Y BE S HR AR o

(4) HEARARE, REZRG. Gna. HEERBEGH: ASHINS. k&E
S EERIE SO R
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PCC B LG 1A RRAL . CRese il AL TERRRINE LB B R izt T
ZE . WUFTY R user_exit, fRASIRAN confirmed. FiEFARTIEY, EE RN
SR SRGHIN, B AR E T 2 ERN.

NFGITRA TS 2nS g AR Bidts, WA SHERTRRA K
S Ao FUILSFVET TP B A S AT B8 BOER MR Z MR, A
W3 VU J5) I 24 B S8 FCRE R LRI TRl 4 ok BB 7 R R AREESE R, s
R LM IR EER K.

92 [ERE=IEFRLER

#3  FEZIERNEALE R (RRAAL: s, SFIYRREALL: s/4Y)

115 W1 v Y 712 Y 2 THEREC PYYERLERRIT R FE 1T A
M 1 9HU7-UWJR-BPTR-VYAT 13 238.075 5.596
Mk 2 7TCG-C9EC-53VF-HZEH 15 232.889 3.024

Mk 3 Reefiticsx - - _

PR IE R A 15 FR 28 MR, P[] 730 238.075 L5 232.880 /4>, R
BTS2 0] 29 5.596 55 3.024 so LA Ry i B e BOA B 1 6 54 DRI 17

— 3094.978068 + 3493.335140
TS,pooled = 13+ 15 = 235.297 S//l\ (38)

P T A R I T R AT, W 235,482 i, BIRRT AR, A4
PR B ME R (. ER RSSO AR 13, 15 451
WITHREC. BRI T IR L ).

9.3 [EEMUERLER

F 4 P IEIEAS R (R AL s, SPAYIFE AL s/4>)

Wt MR D THREC PYYE BRI R FE T T A
i 1 VQUM-ETQ5-74PP-2Q3J 13 720.171 7.668
iz 2 5K5T-TRWZ-BPR2-ECAV 10 927.130 5.724

M 3 ARER AR - - _

P S 0 23 AN, PR 720171 55 027,130 s, IR TR I

A
— 9362.225736 + 9271.302080
T4 pooled = = 810.1 I~ 39
4,pooled 310 810.153 s/ (39)
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PSSR 823.651 s/~ 25 — JRy s UL el & /N, HIERRE 13 2824 10, ffifg:
I | 1 ISl N S 2 o 8 N WA A LD s e N e 3 R i E22 57 7N 3 SN Y
il R S 17 YR PR BRI A 2R B
Wi 0] 45 B /D3 =R IEIE R . ARTIOR B R T HAAME R A . A B E W AR
R B ZoRIEZERR LB ST TER P fe e BTSRRI R A S Bl
&
9.4 ENFENNTEEDHE
B 7 AL ] DU EC AP IR E . B (18) B HE, W] S R R Bt i)
Twove =T — 5N, — Ny — 5N — 3N (40)
5 Q3-1 /R P = —RIEXIMN , Hhgw5 W, & RERRBEIINE, [HiX
—H L HFREARMOERRIE R, AreE A TRE. WA TR NS A GRS,
#£5 WIEREIG T AR ShERER 43 i

Z) R BOEA RIERR RSN /s BSEhmriE)s Bshbt

Q3-1 105 96
Q3-2 117 108
Q4-1 349 275
Q4-2 361 315

3094.978  2408.978 77.84%
3493335 2725335 78.02%
9362226  7277.226  T77.73%

0
0
0
0 9271302  7101.302  76.59%

o [ o
o> ]

o+ q e
o+ u o

0 2000 4000 6000 8000 10000 s

= 23 iRl - 153

Bl6 PUUKIES AR T RAURERS o # Bl p S i TR T B B 5 SV 00k BEAR I S At o

VU JR % Bl ] o5 A AR ] B 76.59% 2 78.02%. MX—HIEXFEARTE . W)
FEFE IR S ACIT B R 1) RIS S Y R B NSRS o Leq = SThnove 13745
SERBE B S 200 12,045, 13.627. 36.386+ 35.507 kmo ‘B AI1F TR AL AR Sl 18] KA
AN ST AR R o

AR B SHI R BAGIRZE A 0.5 GD, W Lo SRR REEIZEAEIE 2.5 x
107 (N + N+ N ) m, S NFARR BRI . BT PR s T B it 4
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e R B =ALANE, B e N RIS TR] BB LA R R 22
9.5 MIENIERAEBISEIRIEL

AR U T ARSI WRHEHEAIF IR, B ERHEE 8 51,
THERRMTH O, BFFEATI AT 3.024 5 7.668 so [P e 45 55 S 78 i ]
K82 TAM =50, 55w WL AR I BSIME R IT B B& )RR
AR FEARAR, NRERZR MR NI HIE R ok

FHEBRRMEG 2 F I F 5 R . BT IERICRARSTFREE, AT M
RIEHLE EALRESIE BEEXE . AR EE AR . RS AR T
A IE SIS SOHT O I, TR —GE TR v X S48 b . e i A 45
REE Lo

10 #HENFNSHET
10.1 HREPEIMESMHS

ASTHEAR T BAGLFR IS MR ZE R A 58— 2 W — M BARE
B EAR R ARG AT S AR U 5, S Nel B 181 SO BN E 1V B o RE S
BRI EE R A5 o Il — ) 22 e e B mT el 1k 5 S e 28 20 0T el YRR &
AR O B A R A

XL R, Lt i A Bl GO T A SR SRIE R, B PUEIKAS 5 RS HE
BRAEE LI A BT I . BN HEP R 3l AN ORI i BRACAESE — I i) H o
TACH, RERETERTILIN 2R S5 T RAL S5 TR o 0 ) RS, A5 5 1) BB A 0k Ay A
FEME R o A TEERIAE F w1 JE o< iy BE R R, 6 5 T BR B AT TO AR HL AR I

SCIR R OR B IE SR B 5 R B R R, B IR BT B T B SR AR
BEEE R — T SRS B A SEOMIER SE A HINRTE, T A A LS
H LSV -

102 RS AIE

i, BRRERSRERRA )RR 5 2 i) WL SRS R e H gy
HRAEELEL, (5 RIGARTE0 B B0 SO H A A AR AR A . 2-opt bk 24 1 A FR
B3, RN BRAES VE. JaLen] HIX 8] 7 32 5 e B iFor LR E 5
FAER — A EE Y5 EHBAESS R, ARELRFREIL S ks Rl

2, 31 R RIRA B U SR . HIIE R AR A R B &
SHEIRORIE. AR AASGIERIR 49 534, s Q1) FREHI0 & S e
B, BRI IERBUHGRIE . A A T A TR Z S EE, AREA IR
77 S INE S
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B=, REFB T Al Ry 2 & SR BBCR o AU 1A B S TG i Tk 2 1) D
M2 MBEFEN RSB 05 FE =ASAR RS 1207 BRI s vl Rl Il i 455, 20
BE [7] I8 F A [ R R )P 1T P o T 7 S8 BB 4 PR 2R R, seA0Rs i ) A FH T
WRHER : CAT IEMLIN B AUE AT PR 5 16 i 32 o 25 1 228

S0, AR ZAIR R e k. B A IR 5 782 HER O BRIE A E®, /50T
AE LR FRRERMERS . i DX It K Bl 4% 53 T ASREAE TS 45 R o e A B e
400 1 _ERRIE THRIRAIR, AT S TER AR o SRIBCIRZS LA 25 {7 B BAR AR
PUIFE . ASRE B P IE R IR M AREST 58 e

B, IERHEAMASERE. W& P VB S A i S A S I8
FLE S BB R 2 RIS, 5 = RIERIE R W MR TR BURASCR &% )R A
G Rl SIS (] 3, AN AP RE

103 SHFMBIRERTTL

TEARGINBAMI BRI ER T, EESHEZ T AAX5H. B a0) =
1500/(2cosd) 43 a'(0) = 750secdtand (6 LIGREET) o BRI R M IR EEAZ K. %
ARIER YN 2 2 BT ALNEE N R BN B IR 2SRRI, B 50 A
A FAT AN o

HI (20), BRI/ g A i R, SRR AT AT R A AR SR
BINEREE T2 15461 m MR R, AREFONRRAREE K To R 1) Bl Olcdd . g K
ARSI/ € IMERALENES , H  4EgBREE (72 kb, TH5E5 NS M.
XU RDYPBREBFRFR, ARG IER S,

104 #Er-

AEZET] TR AT R E RS E SRR BN SRR R s g s 3
dEfL. TR BB HERNCER. TTIRESIERA, GIEFKEN. SHE S0
AL SHAMER, MY RSN S, EHIEIRE IS #5551
JURTHIE B4 FiAT shiHE P RSl DUOR B . BB 35 A 5 2R REA R A
FE .
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A EXBFEFRSEHFRH
WICHES BRI B RS JE 4928 PR TRIGRR 77N, HeboE
F 2026 AEHEMTE [3]: A4y DU 2.5 cm, BLFRRAIG BRI IAELEM S . ToH 3.
PR R RIS S T2 S5 HER S % . AR AR B B R T

# 6 Prig b S R e A

ZH) RS K SHA-256

Q3-1 formal-p3-1-9HU7-UWJR-BPTR-VYAT. jlog

fbd7ab92£78a019887£603172ab6a39e274adb1£f917£c2681f1e8073f£47d911
Q3-2  formal-p3-2-7TCG-C9EC-53VF-HZ5H. jlog

5d83ce87455ce22fadbcbddb60814d9b1f0be54de7bc9d0463777bad7b3922ef
Q4-1 formal-p4-1-VQUM-ETQ5-74PP-ZQ3J. jlog

9a102295d324bbfbbaeed1c6036d13ae7e08a7d7fddb60ceb8dead24e62b15d3
Q4-2  formal-p4-2-5K5T-TRWZ-BPR2-ECAV. jlog

370aac9c2c5d324dd382e57e541ef0da7c5dd4759660d9ea0cba8373celeadal

JAIES H S U H BRI S A R, BB T BOMERE. g EE
SRS HRE B RIMEOREE .. wamH T E—SE X, ANERT
X B 7 874 44 B ST B IE

SR scripts/audit_paper_formal.py SRR SCAFHY A TFLER, 5 T 4 %
e R AMSCAFDLRS, 2R JSON. CSV 5 LaTeX k. TA 44 PRIt T DUES 4 HHT
M PR -

python scripts/audit_paper_formal.py

python scripts/audit_paper_formal.py --snapshot docs/paper/data/formal-results.json

S kA A N AR PR AR R ARG EIIER X, RS BXERe. EAE
AR B T R A e SO IRAIE T IR GE R
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B XEMMEEITHE

R OSAEMREFRH&
SR EH SR &
src/mcm26b/ PR fE&s B RS RITEE LI

src/mcm26b/guarantee/plans/

scripts/audit_paper_formal.py

scripts/build_paper_support.

py
docs/paper/data/

docs/paper/sections/
docs/paper/figures/
Jammers-simulator-full/test/

support-manifest. json

SR DY ) © S A0 B R S RIE 24
IER SR EAZ N B4 TR R Ak 2 B
REE B R S SAE A

A B IR I AT 3R GE T R R 7
Sy TR SRS

SR 1 P AN IE R TR I 1 B0 8 B PR A
P 45 E 7 i IEX H &
SRS B 3B SCAT SHA-256

Python JZ2f7 I 75 % requests; numpy A A BEAIH K . K src I Python i
)5, "] python -m mcm26b.geometry HEAT bl — L4347, M mem26b.cli
N IS TR RNE o 1E3CRE T B A P Se 7EASEHOL 28 SR I Ja A B2 s AR RIS SCE S
BRI A E s E R SUEGNNR . BT84 G BR R R Bha0 1d BH 55 WLSZ 4%

A1 README .md .

DU 42 24 B 3 51 HE SRS

C TEEFIRE
H LB B SRR AL AR e i e B A o D

oA D SR AT A A D RE PR B RS s HoHR [HD BB AR AIE S S g 45 R o [

BRRIACOR B AR 545400 LaTeX B g4, SCEA N T HAT IS IR E. 1R

TR HIF R A BB AR BI85 B R DR S A I, EASS

iﬁiﬁiﬁéﬁiﬁ@ﬁ@ﬁlﬁﬁ%o KA L DTHRR B 3% SO T AN IESCH) 30 BEER
P

src/mcm26b/__init__.py
""mem26b: CUMCM 2026 B"JGZk B TP IR B HRE B 3l (5 15 R R i o

1
2

3 YR (docs/BEIEAE T &L . md §7 M-bAHRI5y) -

4 - config AW HZE0RS (B ES TRSE. 7w 8RR
5 - protocol  PO/P1 FEtH. TBMER. ARASHIE PATREER i

6 - geometry P2 Ml SEN. BHZ. RMMIBEIEY P2 iEH (BE%T)
7 - sim B AR . W N S R H AR R Gt % D

8 - belief P3 ZAREEIEES (B4

9 - coverage P4 49 ML CHZE+MAELEK)

10 - planner  P3 ik / P4 LMK / P5 EHYJE (BH)

11 - evaluation HEEHE 5%t
winn

12

13

14 __version__ = "0.2.0"

15

16 from .config import DEFAULT_CONFIG, ProblemConfig
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17 from .geometry import Measurement, first_bearing_candidate_disk, solve, \

18 smallest_enclosing_circle

19

20 __all__ = ["DEFAULT_CONFIG", "Measurement", "ProblemConfig", "solve",
21 "first_bearing_candidate_disk", "smal1est_enclosing_circle“]

src/mcm26b/belief/__init__.py
"UUP3 EMGEAE SR BEEMES Koo HEiP SIEAAIRAS .
B AR (BlebriE)

1
2
3
4 - fRApE: FUUKIER TP M A . AT B EAMI £ N

5 il cipzces S e TR Al 7 il N7 EZub A S O i k- R SR TR A
6

7

8

9

WIEAZE, HIED R SR M A ST /N SR
- direction ¥#f: K_.c C Q@ N W(s, 0x6_eff) N B(s, 1500), 5Ll Hsc

FIFERZIHE; 6 _eff = RIEPM + mEES AR (RS ORE WAL/NEL,
FAAEGIN £0.005° fWZE) ;

10 - no_signal 4L (P4, AMIYi) : FELASHE LI ZS o) kit —% % e A

1 LB B A LR, B AR ES E RE S RN R (Ps AR

12 "EIFE ARAEAER A 7 25k A (coverage.Coverageledger) #5MHi:

13 - near ¥ JTE 5m N, WEESNYEA B(s, 5), Al EEAERRIETD;

14 - /clear FY: IRZS#E CLEARED: JRNCAVIH]"ZME 20m ATCTTIHERIE" .

15 NS EEMERE L 20m sk, D05 AN E IR

16 "

18 from __future__ import annotations

20 import math
21 from dataclasses import dataclass, field
22 from enum import Enum

24 from ..config import ProblemConfig, Vec2
25 from ..geometry.localization import smallest_enclosing_circle
26 from ..protocol.rules import DIRECTION, NEAR, NO_SIGNAL

8 # APPEEBTIERE Ok) o APREZE ~2100, FFRiRER/NTE:
29 # FEIAREESHIE IR, ARRRTE.

30 _CLIP_TOL_M = le-6

31 _DEDUPE_TOL_M = 1e-7

32

33

34 class InconsistentBelief (RuntimeError):

35 SR AR B S AR T DRSS Y s s U A R R Ak k.

36

37

38 class ChannelStatus(Enum) :

39 UNKNOWN = "unknown" # WA RGEE

40 DETECTED = "detected" # I #id direction/near, fFENL

41 LOCATED = "located" # R E R <= 20, WEE

£ CLEARED = "cleared" # TERRT

43 ABSENT = "absent" # B EIFBHATELE (P4)

44

45

46 def circumscribed_polygon(center: Vec2, radius_m: float, sides: int) -> list[Vec2]:
47 " EAMINEZ BT (OMEREAR r/cos(m/n)) , TPARALE

48

49 AR ZE (MR R AR 4y) i r(1/cos(w/n) - 1) < r(i-cos(w/n)) - sec?,
50 PHITH (A-cos(n/n)) HAZIEIKEIT (&R KR) -

51

52 if sides < 8:

53 raise ValueError ("#MJIZ il TENA Ll /b, VTR ZE AT #2m)

54 circumradius = radius_m / math.cos(math.pi / sides)

55 step = 2 * math.pi / sides

56 return [(center[0] + circumradius * math.cos(step * i + step / 2),
57 center[1] + circumradius * math.sin(step * i + step / 2))
58 for i in range(sides)]

59

60

61 def polygon_halfplanes(polygon: list[Vec2]) -> list[tuple[float, float, float]]:
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& nnoC ZiT > SMELCETESIE (2, b, ). A a-x +boy <= c, "

63 planes = []

64 count = len(polygon)

65 for index in range(count):

66 p, q = polygon[index], polygon[(index + 1) % count]
67 dx, dy = q[0] - pl[0], ql1] - p[1]

68 norm = math.hypot(dx, dy)

69 if norm <= le-12:

70 continue

71 a, b = dy / norm, -dx / norm # CCW A5 LE5 4
72 planes.append((a, b, a * p[0] + b * p[1]))

73 return planes

74

75

76 def clip_halfplane(polygon: list[Vec2], a: float, b: float, c: float,
77 tol: float = _CLIP_TOL_M) -> list[Vec2]:
78 "mnSutherland - Hodgman [hZ2 B TFHizsT, (R a-x + b-y <= ¢ + tol,
79

80 WAL FPAERBFLZHL by ENAETIERZE, L W W E A S
81 e

82 if not polygon:

83 return []

84 output: list[Vec2] = []

85 count = len(polygon)

86 for index in range(count):

87 p, q = polygon[index], polygon[(index + 1) % count]
88 fp = a * p[0] + b * p[1] - ¢

89 fq = a * q[0] + b * q[1] - ¢

90 p_in, g_in = fp <= tol, fq <= tol

91 if p_in:

92 output.append (p)

93 if p_in != q_in:

94 ratio = fp / (fp - £fq)

95 output.append((p[0] + ratio * (q[0] - p[0]),

96 pl1] + ratio * (q[1] - p[11)))
97 return _dedupe (output)

98

99

100 def _dedupe(points: list[Vec2], tol: float = _DEDUPE_TOL_M) -> list[Vec2]:
101 unique: list[Vec2] = []

102 for point in points:

103 if not unique or math.dist(point, unique[-1]) > tol:

104 unique.append(point)

105 if len(unique) > 1 and math.dist(unique[0], unique[-1]) <= tol:

106 unique.pop()

107 return unique

108

109

110 class CandidateRegion:

11 B IR A IR SE M2 . (TR cows RFIRIER 1-2 p5) o
112

113 def __init__(self, polygon: list[Vec2], slack_m: float = 0.0):

114 self.polygon = list(polygon)

115 self.slack_m = float(slack_m)  # AMUITALL5| N5 A iR 2510k

116 self._mec: tuple[Vec2, float] | None = None

117

118 I ¥ i
119 Qclassmethod

120 def disk(cls, center: Vec2, radius_m: float, sides: int,

121 slack_m: float | None = None) -> "CandidateRegion':

122 if slack_m is None:

123 slack_m = radius_m * (1 - math.cos(math.pi / sides))

124 return cls(circumscribed_polygon(center, radius_m, sides), slack_m)
125

126 Q@classmethod

127 def initial(cls, station: Vec2, config: ProblemConfig) -> "CandidateRegion':
128 "N direction JEUEEAHAE: Q@ N B(station, r_max) HIRSFAME. "t
129 field_cfg, sides = config.field, config.search.polygon_sides

130 slack = field_cfg.omega_radius_m * (1 - math.cos(math.pi / sides))
131 region = cls.disk((0.0, 0.0), field_cfg.omega_radius_m, sides, slack)
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def

def

def

def

def

region.clip_disk(station, field_cfg.r_eff_max_m, sides)
return region

_clip(self, a: float, b: float, c: float) -> Nome:
polygon = clip_halfplane(self.polygon, a, b, c)
if not polygon:
raise InconsistentBelief (
R X P ({a:.6£),{b:.6£},{c:.6£}) FUZ: A GERTETFIE
self.polygon = polygon
self._mec = None

clip_disk(self, center: Vec2, radius_m: float, sides: int) -> None:

nn IR B(center, radius) MAMIIZ MRS GERLRZENIK) o """

for a, b, ¢ in polygon_halfplanes(circumscribed_polygon(center, radius_m, sides)):
self._clip(a, b, c)

self.slack_m += radius_m * (1 - math.cos(math.pi / sides))

clip_wedge(self, station: Vec2, bearing_deg: float,
half_angle_deg: float) -> None:
wen S e f 4, W(station, bearingthalf_angle) 3R%E (P4 <90°) .

WAL S5 localization.halfplanes [a][144, 0°/360° FE5LH

sin/cos BFIEALHE, Fofisr3C.

if not O < half_angle_deg < 90:

raise ValueError ("l AfAZifE (0, 90) JE")

lower = math.radians(bearing_deg - half_angle_deg)

upper = math.radians(bearing_deg + half_angle_deg)

sx, sy = float(station[0]), float(station[1])

self._clip(math.sin(lower), -math.cos(lower),
math.sin(lower) * sx - math.cos(lower) * sy)

self._clip(-math.sin(upper), math.cos(upper),
-math.sin(upper) * sx + math.cos(upper) * sy)

mec(self) -> tuplel[Vec2, float]:
NI R (B, R o PRIRESHEES o MBS e
if self._mec is None:
if not self.polygon:
raise InconsistentBelief ("{5iE[X I fyas"
self. _mec = smallest_enclosing_circle(self.polygon)
return self._mec

witnesses(self, spacing_m: float) -> list[Vec2]:
"R+ R FEAN S PR R (RN D o
if len(self.polygon) < 3:
return list(self.polygon)
points = list(self.polygon)
count = len(self.polygon)
for index in range(count):
p, q = self.polygon[index], self.polygon[(index + 1) % count]
length = math.dist(p, q)
steps = int(length // spacing_m)
for k in range(1, steps + 1):
ratio = k / (steps + 1)
points.append((p[0] + ratio * (q[0] - p[01),
pl1] + ratio * (q[1] - p[11)))
return _dedupe(points, tol=1e-9)

contains(self, point: Vec2, tol_m: float = 0.05) -> bool:
n R ERIE RN CFAE T EERR AR, AR SRE) o
if not self.polygon:
return False
if len(self.polygon) == 1:
return math.dist(point, self.polygon[0]) <= tol_m + self.slack_m
if len(self.polygon) == 2:
P, q = self.polygon
return _point_segment_distance(point, p, q) <= tol_m + self.slack_m
for index, p in enumerate(self.polygon):
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202 q = self.polygon[(index + 1) % len(self.polygon)]

203 if (q[0] - pl[0]) * (point[1] - p[1]) - (q[1] - p[1]) * (point[0] - p[0]1) \
204 < -tol_m - self.slack_m:

205 return False

206 return True

207

208

209 def _point_segment_distance(point: Vec2, p: Vec2, q: Vec2) -> float:

210 vx, vy = q[0] - p[0], q[1] - p[1]

211 length_sq = vx * vx + vy * vy

212 if length_sq <= 1le-18:

213 return math.dist(point, p)

214 t = max(0.0, min(1.0, ((point[0] - p[0]) * vx + (point[1] - p[1]) * vy) / length_sq))
215 return math.dist(point, (p[0] + t * vx, p[1] + t * vy))

216

217

218 @dataclass
219 class ChannelBelief:

220 channel: int

221 status: ChannelStatus = ChannelStatus.UNKNOWN

222 region: CandidateRegion | None = None

223 measurements: list = field(default_factory=list)  # Z W0 (il )
224

225

226 class BeliefState:

227 nre R 20 MIGEIE GBS R IRE— IOk I,

228

229 def __init__(self, config: ProblemConfig = ProblemConfig()):

230 self.config = config

231 self.channels = {channel: ChannelBelief (channel)

232 for channel in range(config.field.channel_min,

233 config.field.channel max + 1)}
234

235 @property

236 def effective_half_angle_deg(self) -> float:

27 ORIBERENA + AR W SRR BIGLINEGI A <0.008° fii%. "
238 return (self.config.field.bearing_error_half_deg

239 + self.config.search.bearing rounding margin_deg)

240

241 def update_measure(self, channel: int, position: Vec2, result: str,

242 svd_deg: float | None) -> None:

243 R SRR SR SR LRI B TR RSP R AR PRAIE.

244 belief = self.channels[channel]

245 belief .measurements.append({"position": tuple(position), "result": result,
246 "svd_deg": svd_deg})

247 if result == DIRECTION:

248 if svd_deg is None:

249 raise ValueError("direction JLAQWAJNIET svd_deg")

250 sides = self.config.search.polygon_sides

251 if belief.region is None:

252 belief.region = CandidateRegion.initial(position, self.config)
253 else:

254 # J54¢ direction [RIFEFAEHERS <= r_max [iy]

255 belief.region.clip_disk(position, self.config.field.r_eff_max_m, sides)
256 belief.region.clip_wedge(position, svd_deg, self.effective_half_angle_deg)
257 belief.status = ChannelStatus.DETECTED

258 elif result == NEAR:

259 sides = self.config.search.polygon_sides

260 if belief.region is None:

261 belief.region = CandidateRegion.disk(

262 tuple(position), self.config.field.near_radius_m, sides)
263 else:

264 belief.region.clip_disk(position, self.config.field.near_radius_m, sides)
265 belief.status = ChannelStatus.DETECTED

266 elif result == NO_SIGNAL:

267 # P3/P4 SEEk: YRS It (BRASIERH i kA gs ) -

268 pass

269 else:

270 raise ValueError (£" RHINIH 455 : {result!r}")

271
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273
274
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279
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283
284

def candidate_set(self, channel: int) -> CandidateRegion | None:
R M AR A (RSFAMEIER) o WS direction/near W4 None, """

return self.channels[channel].region

def mark_cleared(self, channel: int) -> None:
self.channels[channel] .status = ChannelStatus.CLEARED

def mark_absent(self, channel: int) -> None:
self.channels[channel] .status = ChannelStatus.ABSENT

def channels_by_status(self, *statuses: ChannelStatus) -> list[int]:
return sorted(channel for channel, belief in self.channels.items()
if belief.status in statuses)

src/mcm26b/belief/joint.py

1
2
3
4
5
6
7
8
9

R BRE AT R RE R .

BRI (docs/ S5 = UM AL T BT HTT 58 . md §1.3 F3) : A5 Al B SRIex 42 i
HKEAEMBE GFUPLPR: 4@ 17/17 i, ZR 2/6) o HERARBEZAL, Tk
SR LR PR T RETEREA S RIS AE I IR T U RE S E

45° PrdikiR, — BIHRRMOIE(LE] <400 1% 20 m HiF.

AEHAFEAFE W AR E: ACTE @ R4 RAE A
(:class: ~mcm26b.particles.ChannelParticles™) [flN4EFE 24 R45 A A {TPEMERD,
B AL x JI)D) BT 5. WLIGE SO A% 5 PEIL

““referee.simulator._observe  ":

- JHE > r_eff - no_signal; EJA HIF-3 505 R 58]HJef > 90° - no_signal;
- JHE < 5 m - near (xx{BFER[IWxx: 3 m AT A E M FEEALR M no_signal)
- H4y - direction (3 = Wi + ARIRE) .

SR (AfRiRsy, UMb ARORTTRE  BA /R

X m] [DACH L]

““direction™"@s JEE < 1500. il lgapl < d_eff + I¥MIE DA+ *T] fE*+ T TG s
““near” "@s g <5 MBI T BEx+ T T s
“Tno_signal T@s kAR (T REJEEH )R B B AR ) WA E AN+ T s

(POMMEARILTE r_eff min NI 2R EIE)

BE SRRSO, I Th N N A1 e
““asin(margin / max(dist - margin, 1))~ (RGPAE— SAHXHAE O I hifl 25 ER) -

- CMTREEIE CTgap < 90° 4 BN + AEEA ¢ MNAIGE T (TATRE) ¢
- CAREAETE  JEIHE T gap < 900 - BB - AEREA - MONMAGE T IR,
ARBWERTI s BR (REETARE) o

PIPLECIE (O, WD KA ——IX 2 PSS A P IR OR B e B — i)
(2026-09-12 {Z1E: no_signal 7 ¢JFSEIRM]"HhEE o " IERDMOCR I . 56 THE
WM s keep=True 4 SZHLIRTH AR A ML PIALHR S M5 LI AY
UH " tests/test_joint_belief.py™ MIRHHLULINFH (%5 P MIK E (kL. )

R i
1. *“prob_detect™: FmAEH WZPMEL—1 (FHE, #IFD MR,
J T i) WA s (RURIEERTBE) ——FUE M 0T . AL 2T
2. “Texpected_posterior_radius : —KINE/EHMIELES MEC 42 (DL {HREL)
3. “lis_absent’: BRGHEE = WHUEAFIER (U, SEEIEHIEF&E)
4. PCEBERERMIERHTE 20 n WERAE, ARHRASCEAMGE D12,

from __future__ import annotations
import math

from ..config import ProblemConfig, Vec2
from ..particles import ChannelParticles, _branch_radius_array
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110
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112
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114

115

116

117

118

119

120

121

122

123

from ..protocol.rules import DIRECTION, NEAR, NO_SIGNAL

HEADING_BINS = 24 # 15° —FY
_BIN_HALF_DEG = 180.0 / HEADING_BINS # 7.5°
_FULL_MASK = (1 << HEADING_BINS) - 1

_GRID_DEG = 3.0 # RS PER
_GRID_N = int(round(360.0 / _GRID_DEG))

try: # numpy A/ER[IEMNH G4 (55 particles —%()
import numpy as _np
from ..particles import _np as _particles_np

if _particles_np is Nonme: # MCM26B_NO_NUMPY &ifiksk: w4l Python
_np = None
except Exception: # pragma: no cover - HEEJL numpy

_np = None

def heading_gap(a_deg: float, b_deg: float) -> float:
AN R R RN () .
return abs((a_deg - b_deg + 180.0) % 360.0 - 180.0)

def _cover_mask(bearing_deg: float, half_deg: float) -> int:
"I FIT half_deg™" HUBIRIER. "
mask = 0
for k in range (HEADING_BINS):
if heading_gap(360.0 * k / HEADING_BINS, bearing_deg) <= half_deg:
mask |= 1 << k
return mask

A% Ll bearing Mfll. M 90° HYR WA
- COVER: [ fE++7H f5iZ i n (204 5 & £ 5 NS
- SILENT: *xffjiE++@ sz (W45 &N) — o g, ity
SRR SRR BT _cover_mask / _far_mask, BHIBMEMETTA
"FEN AR RO RIS PR — BT iR 2 B L TRIETE R
_COVER_TABLE = tuple(
_cover_mask(_GRID_DEG * i, 90.0 + _BIN_HALF_DEG + _GRID_DEG / 2)
for i in range(_GRID_N))
_SILENT_TABLE = tuple(
_cover_mask(_GRID_DEG * i, 90.0 - _BIN_HALF_DEG - _GRID_DEG / 2)
for i in range(_GRID_N))

H OH O B ®

def _far_mask(bearing_deg: float, exclude_half_deg: float) -> int:
w7 e ff R Fa* exclude_half_deg” ™ MIHIFIR4IEFS (no_signal HAI)

L5 :func: _cover_mask™ FH.fp: no_signal HAVFRE "HHEE A" ALY,
nnn
mask = 0
for k in range (HEADING_BINS):
if heading_gap(360.0 * k / HEADING_BINS, bearing_deg) > exclude_half_deg:
mask |= 1 << k
return mask

if _np is not None: # 12 {2 popcount TR (WM 24 i) F-Fid R4l
_POP16 = _np.array([bin(value).count("1") for value in range(l << 12)],
dtype=_np.int64)
_COVER_ARR = _np.array(_COVER_TABLE, dtype=_np.int64)
else: # pragma: no cover - J§ numpy 4337
_POP16 = _COVER_ARR = None

def _popcount(mask: int) -> int:
return bin(mask).count("1")

def _table_index(bearing_deg: float) -> int:
return int(round((bearing_deg % 360.0) / _GRID_DEG)) % _GRID_N
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193

class JointBelief:

CrrEOEGE (R < IR BRE AT,

def

def

def

def

def

def

__init__(self, config: ProblemConfig = ProblemConfig()):

self.config = config

self.field = config.field

self.position = ChannelParticles(config)

self .masks: dict[int, int] = {} # R > PR (B AR

self._sample_cache: tuple[int, list[int]] | None = None

------------- —-- e iy
__len__(self) -> int:
return len(self.position)

is_absent (self) -> bool:
"RG RS = ZEAFTER CGUIRIRE e ) o

return not self.position.alive

_mask(self, index: int) -> int:
return self.masks.get(index, _FULL_MASK)

sample(self, size: int = 256) -> list[int]:
SRR GO ERAAEH SRt o
cached = self._sample_cache
if cached is not None and cached[0] == self.position.version:
return cached[1]
alive = sorted(self.position.alive)
if len(alive) > size:
step = len(alive) / size
alive = [alive[int(k * step) % len(alive)] for k in range(size)]
self._sample_cache = (self.position.version, alive)
return alive

_mask_popcount (self, index: int) -> int:
return _popcount(self._mask(index))

expected_posterior_radius(self, reader: Vec2, size: int | None = None) -> float:
men— RS IR SR MEC 22 OK) ;D1 {HREA%L.

5 :meth: ChannelParticles.expected_posterior_radius™ [fjii, 25| YE
no_signal J;3ZMEEE: ERIEAMUSHEEE > r_eff FHER, B2y IR Ry
R, B

p_vis(p) = P(r_eff > |p—ql) x cover_ratio(p, q)

Hrr "cover_ratio™ ™ JEiZAKWIMER T RERIE q AL RSO L.
oy SRR

- direction (W[I,, ik near) : A q WMITFNL =6, JEHIC4E 21377 (L
SIS IR R e Y ) e e = )RS S N 1

- no_signal: €A FAIER B+ AN A (AN . 7B R I AR O 2 Al A

- near: J5¥4 5m #if.

R WA U Tl i o, RS G4 RE s IR dth /s L2
pf = self.position
if not pf.alive:
return 0.0
if size is None:
size = self.config.bayes.score_subsample
indices = self.sample(max(2, size))
if not indices:
return 0.0
stride = max(len(indices) // max(self.config.bayes.mc_representatives, 1), 1)
representatives = indices[::stridel
if _np is not None:
return self._epr_vector(reader, indices, representatives)
return self._epr_python(reader, indices, representatives) # pragma: no cover
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194 def _epr_vector(self, reader: Vec2, indices: list[int],

195 representatives: list[int]) -> float:

196 pf = self.position

197 points = _np.array([pf.cell_center(index) for index in indices], dtype=float)
198 masks = _np.array([self._mask(index) for index in indices], dtype=_np.int64)
199 reps = _np.array([pf.cell_center(index) for index in representatives],
200 dtype=float)

201 rep_masks = _np.array([self._mask(index) for index in representatives],
202 dtype=_np.int64)

203 dx, dy = points[:, 0] - reader[0], points[:, 1] - reader[1]

204 dist = _np.hypot(dx, dy)

205 bearing = _np.degrees(_np.arctan2(dy, dx))

206 rdx, rdy = reps[:, 0] - reader[0], reps[:, 1] - reader[1]

207 rdist = _np.hypot(rdx, rdy)

208 rbearing = _np.degrees(_np.arctan2(rdy, rdx))

209 cover = _COVER_ARR[_np.round(_np.mod(rbearing, 360.0) / _GRID_DEG)

210 .astype(_np.int64) % _GRID_N]

211 visible_mask = rep_masks & cover

212 bits = (_POP16[visible_mask & OxFFF]

213 + _POP16[(visible_mask >> 12) & OxFFF])

214 cover_ratio = bits / float(HEADING_BINS)

215 p_silent_range = _np.clip((rdist - self.field.r_eff_min_m)

216 / (self.field.r_eff_max_m

217 - self.field.r_eff_min_m), 0.0, 1.0)

218 p_vis = (1.0 - p_silent_range) * cover_ratio

219 p.ns = 1.0 - p_vis

220 gaps = _np.abs((bearing[None, :] - rbearing[:, None] + 180.0) % 360.0 - 180.0)
221 in_wedge = ((gaps <= self.config.field.bearing_error_half_deg

222 + self.config.search.bearing_rounding margin_deg + le-9)
223 & (dist[None, :] <= self.field.r_eff _max_m + pf.margin m))
224 eps_radius = pf.spacing_m / 2.0

225 radii = []

226 for row in in_wedge:

227 member = points[row]

228 radii.append(_branch_radius_array(member)

229 if len(member) else eps_radius)

230 radii = _np.array(radii, dtype=float)

231 current = pf.mec() [1]

232 near = rdist <= self.field.near_radius_m + pf.margin_m

233 values = _np.where(near, self.field.near_radius_m + pf.margin_m,

234 p_ns * current + p_vis * radii)

235 return float(values.mean())

236

237 def _epr_python(self, reader: Vec2, indices: list[int],

238 representatives: list[int]) -> float: # pragma: no cover
239 "rrgfi Python MR (L HERZ S SZEESL, T numpy HEEHXH) o e

240 pf = self.position

241 points = [pf.cell_center(index) for index in indices]

242 masks = [self._mask(index) for index in indices]

243 eps_radius = pf.spacing m / 2.0

244 current = pf.mec()[1]

245 half_angle = (self.config.field.bearing_error_half_deg

246 + self.config.search.bearing_rounding_margin_deg)

247 total = 0.0

248 for rep_index in representatives:

249 rx, ry = pf.cell_center(rep_index)

250 distance = math.hypot(rx - reader[0], ry - reader[1])

251 if distance <= self.field.near_radius_m + pf.margin_m:

252 total += self.field.near_radius_m + pf.margin_m

253 continue

254 reading = math.degrees(math.atan2(ry - reader([1], rx - reader[0]))
255 cover = _COVER_TABLE[_table_index(reading)]

256 bits = _popcount(self._mask(rep_index) & cover)

257 ratio = bits / float (HEADING_BINS)

258 if distance <= self.field.r_eff_min_m:

259 p_range = 1.0

260 elif distance >= self.field.r_eff_max_m:

261 p_range = 0.0

262 else:

263 p_range = ((self.field.r_eff_max_m - distance)
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def

/ (self.field.r_eff_max_m - self.field.r_eff_min_m))
p_vis = p_range * ratio
members = []
for point, mask in zip(points, masks):
if math.dist(point, reader) > self.field.r_eff max m + pf.margin m:
continue
bearing = math.degrees(math.atan2(point[1] - reader[1],
point[0] - reader[0]))
if heading_gap(bearing, reading) <= half_angle + 1le-9:
members . append (point)
if members:
mx = sum(p[0] for p in members) / len(members)
my = sum(p[1] for p in members) / len(members)
radius = max(math.hypot(p[0] - mx, p[1] - my) for p in members)
else:
radius = eps_radius
total += (1.0 - p_vis) * current + p_vis * radius
return total / max(len(representatives), 1)

prob_detect(self, reader: Vec2, size: int = 256) -> float:
"UnFE S reader”” AbRER WAL—WIFT (VE, EiRD MIMEERE OB .

r_eff ~ U[1000, 15001 fhfAsy: B IAJ4E Al A TR AL fy FETHAR o
AU TR SRR, A2 5FM22HE.
nun
cells = self.sample(size)
if not cells:
return 0.0
total = 0.0
span = self.field.r_eff _max_m - self.field.r_eff min_m
for index in cells:
gx, gy = self.position.cell_center(index)
distance = math.hypot(reader[0] - gx, reader[1] - gy)
if distance > self.field.r_eff_max_m:

continue

if distance <= self.field.r_eff_min_m:
p_range = 1.0

else:

p_range = (self.field.r_eff _max_m - distance) / span
if p_range <= 0.0:
continue
bearing = math.degrees(math.atan2(reader[1] - gy, reader[0] - gx))
cover = _COVER_TABLE[_table_index(bearing)]
bits = bin(self._mask(index) & cover).count("1")
if bits:
total += p_range * bits / HEADING_BINS
return total / len(cells)

—————————————————————————————————————————————————————————— WL
_apply_heading(self, station: Vec2, keep: bool,
within_m: float | None = None) -> None:

n ] DU G SR (PReF . SUN M ARORTTRE " BIR) .

““keep=True” " (direction / near) = B[ IL/fi**T] fE**7 5% station:

PRSI < 900 + Y + HEREN + HNABEIIRY.

““keep=False " (no_signal HYIKWATE r_eff _min N) = 3L
*HTRE N *x station: WEBSHAIdef > 90° - kY - HEE N

- HEA AR R .

RN E = asin(margin / max(dist - margin, 1)) : FGNIE—E
FAS ORI AR 22 B3 PIANTT IR AT NE L 15 02 i IR
Y (keep=True Jitl) ELfREELIRTT IR (keep=False #iil) -
margin_m = self.position.margin_m
doomed: list[int] = []
for index in self.position.alive:

gx, gy = self.position.cell_center(index)

dx, dy = station[0] - gx, station[1] - gy

34



334

336
337
338
339
340
341
342
343
344
345
346

348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
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370
371
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374
375
376
377
378
379
380
381
382
383
384
385
386
387
388

distance = math.hypot(dx, dy)
if within_m is not None and distance > within_m:

continue
bearing = math.degrees(math.atan2(dy, dx))
if distance <= margin_m + 1.0:

G <3 TRl PN 1< R A = 1 s i 1 O & o e e 1 B NI K P A

continue
angular_margin = math.degrees(

math.asin(min(0.9999, margin m / (distance - margin_m))))
if keep:

updated = self._mask(index) & _cover_mask(

bearing, 90.0 + _BIN_HALF_DEG + _GRID_DEG / 2 + angular_margin)

else:

updated = self._mask(index) & _far_mask(

bearing, 90.0 - _BIN_HALF_DEG - _GRID_DEG / 2 - angular_margin)

if updated == O:

doomed . append (index)

self .masks.pop(index, None)
elif updated !'= _FULL_MASK:

self .masks[index] = updated

if doomed:

self.position.discard(doomed)

def apply(self, station: Vec2, result: str,
svd_deg: float | None = None) -> None:
"EBCE R G AT (RS, IR (RLEL, WIED KA . v
if result == DIRECTION:
self .position.apply_measure(station, DIRECTION, svd_deg,
directional=True)
self._apply_heading(station, keep=True)
elif result == NEAR:
# near [AJFEZRTAT L (PRRUATLSE S 81 1 R BE &)
self.position.apply_measure(station, NEAR, directional=True)
self._apply_heading(station, keep=True)
elif result == NO_SIGNAL:
# SRR AR R . A AR HRALIRVETE r_eff _min [HIZEA"
# I, no_signal A& MIERIFRE. A OBIMENIE— K < margin,
# WREI r_eff_min - margin; B + margin £X3fl 1000~1010m [iAEHIHT
# AR AURBE R AT AT RE MM ECIR A R (BRI IROR ) -
self._apply_heading(station, keep=False,
within_m=max (
0.0, self.field.r_eff_min_m
- self.position.margin_m))
else:
raise ValueError (£" KA 455 : {result!r}")

T — e Bl
def summary(self) -> dict:
n RS RS (5 NS summary, HEHTHGIBSCE ) o
cells = self.sample(256)
bins = [bin(self._mask(index)).count("1") for index in cells]
return {"cells": len(self.position),
"sampled_mean_heading_bins": (round(sum(bins) / len(bins), 2)
if bins else 0.0),
"heading_bins_total": HEADING_BINS}

src/mcm26b/cli.py

g — iy AT N 0 mem26b <>,

- ql [ — i as SRR (P2 EL5ET)
- sim-check FIFIIHLE BRI R 6] (PO A
- run A ZI—EN—iEPr—iBH (--problem 3 4] / 4 JREV:

—-self-test EMMLIEMAL referee)

R e . BT ZE SN PENINL: referee/harness {{ff --self-test 5
sim-check 437 AMINZR (AN dev fKHH)
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from __future_

_ import annotations
import argparse

import json

import socket

import sys

import threading

import time

from dataclasses import replace
from pathlib import Path

from .config import ProblemConfig

from .geometry.__main__ import main as ql_main

from .planner import DirectionalExtension, OmnidirectionalLoop
from .planner.bayes_loop import BayesLoop

from .planner.seven import SevenBatch

from .protocol.client import SimulatorClient

from .protocol.log import SessionLog

from .protocol.rules import EXIT_USER

Q3_STRATEGIES = {"grid": OmnidirectionalLoop, "seven": SevenBatch, "bayes'": BayesLoop}

def _load_referee():
RIS PEAL S RS LR GBI/ ER A R ) o
from .harness import (LocalSimTransport, mixed_scene, random_omni_scene,
referee_spec)
from referee import LocalSimulator
return (LocalSimulator, LocalSimTransport, mixed_scene, random_omni_scene,
referee_spec)

def _referee_missing():
print ("RZZEMSTIFMALAL referee (mcm26b-referee) o iHSE “uv sync” ZEgE"
" dev ff#ffi, B{ pip install mcm26b-referee; IEANHEE AT AML. ",
file=sys.stderr)
return 2

e — A
def _port_free(port: int) -> bool:
with socket.socket(socket.AF_INET, socket.SOCK_STREAM) as probe:
probe.setsockopt (socket.SOL_SOCKET, socket.SO_REUSEADDR, 1)
try:
probe.bind(("127.0.0.1", port))
return True
except OSError:
return False

def _any_free_port() -> int:
with socket.socket(socket.AF_INET, socket.SOCK_STREAM) as probe:
probe.bind(("127.0.0.1", 0))
return probe.getsockname() [1]

def _acquire_port(name: str, requested: int) -> int:
ey R I U IR 38 SR e (8= B R )
A HIAGE (A/CT) BB 2 R 1 550, AR, "
if _port_free(requested):
return requested
if sys.stdin.isatty(Q):
while True:
auto = _any_free_port()
try:
answer = input (£"[—#{Fll] {name}iji[] {requested} C.#/H: "
IR ARG {auto}, S A AT : ") .strip()
except (EOFError, KeyboardInterrupt):
return auto
if not answer:
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82 return auto

83 if answer.isdigit() and 1024 <= int(answer) <= 65535:

84 if _port_free(int(answer)):

85 return int(answer)

86 print (£"¥ [0 {answer} [IAEHESH, &M ™

87 continue

88 print ("iEii N 1024..65535 [N, B AEIIFMLE K. ")
89 auto = _any_free_port()

90 print (£" [—#F] {name}iifl] {requested} C#i 5T (AR HIFHE) , "
91 £ A T {auto}. ", file=sys.stderr)

92 return auto

93

94

95 def _start_local_judge(args):

96 OB E S IEIEL (WLESREE T + WebUT [EINL) FEHHATIUA— R %

97

98 &M (judge, session, action_port, ui_port); ZLMR[ None (EFTENJEA) -
99 e

100 try:

101 from referee import Referee

102 from referee.server import ActionInterfaceServer

103 from referee.webui import WebUIServer

104 except ImportError:

105 _referee_missing()

106 return None

107 action_port = _acquire_port("HlZHMEI1", args.judge_port)

108 ui_port = None

109 judge = Referee(action_port=action_port, data_dir=Path(args.judge_data_dir))
110 ActionInterfaceServer(judge)

111 if not args.judge_no_ui:

112 ui_port = _acquire_port("WebUI", args.judge_ui_port)

113 ui = WebUIServer(judge, ui_port)

114 threading.Thread(target=ui.serve_forever, daemon=True,

115 name="mcm26b-local-judge-ui") .start ()

116 module = f'"q{args.problem}_practice"

117 session = judge.start(module, args.robot_id, seed=args.seed,

118 countdown_s=args. judge_countdown_s)

119 deadline = time.monotonic() + session.countdown_s + 10

120 while session.phase == "countdown" and time.monotonic() < deadline:
121 time.sleep(0.05)

122 if session.phase != "open":

123 print (" [ PFINIREEFFIGET, ©ik. ", file=sys.stderr)
124 judge.abort ()

125 return None

126 print (£" [—H#PEM] 4% {session.case_code} - {session.module.titlel}"
127 £" - 4%0 http://127.0.0.1:{action_port}")

128 if ui_port is not None:

129 print (£" [—##{FJ] WebUI http://127.0.0.1:{ui_port}"

130 £ (CSER RIS\ B\ "Tab ZEH0FE . 54k HF {args.judge_data_dir}) ")
131 return judge, session, action_port, ui_port

132

133

134 def _settle_local_judge(judge, timeout_s: float = 3.0) -> None:

135 R RFIAR R R (Vexit JFEMY) o AGEI A YLEF Tk,
136 deadline = time.monotonic() + timeout_s

137 while judge.session.phase != "finished" and time.monotonic() < deadline:
138 time.sleep(0.05)

139 if judge.session.phase != "finished":

140 judge.abort ()

141

142

143 def _finish_local_judge(judge, session, summary: dict) -> None:

144 n SEREPFIALIRIAGE R, USRI EESTH S M IEA summary, "t
145 _settle_local_judge(judge, timeout_s=10.0)

146 state = judge.snapshot()

147 truth_channels = sorted(s.channel for s in session.sources)

148 cleared = sorted(summary.get('"cleared_channels", []))

149 summary["local_judge"] = {

150 "case_code": session.case_code,

151 "module": session.module.title,

37



152 "end_reason": state.get("end_reason"),

153 "end_reason_text": state.get("end_reason_text"),

154 "virtual_time_s": state.get("virtual_time_s"),

155 "request_count": state.get("request_count"),

156 "truth": {"source_channels": truth_channels,

157 "source_count": len(truth_channels),

158 "omni_count": sum(l for s in session.sources if not s.directional),
159 "directional_count": sum(1 for s in session.sources if s.directional)},
160 "all_cleared": cleared == truth_channels,

161 "log": state.get("log"),

162 }

163

164

165 def _sim_check(args) -> int:

166 w1 2o/ MHAE 5B L0 IS R . IEE 105/111/194/199 Fp, e

167 try:

168 local_simulator, local_sim_transport, *_ = _load_referee()

169 except ImportError:

170 return _referee_missing()

171 simulator = local_simulator([], robot_id=args.robot_id)

172 client = SimulatorClient(args.robot_id, transport=local_sim_transport(simulator))
173 client.enter ()

174 steps = []

175 steps.append(client.measure((300, 400), 1).virtual_time_s) # £ 3h500m+45]|5s
176 steps.append(client.measure((300, 400), 2).virtual_time_s)  # {fuliij&1s+f5l5s
177 steps.append(client.clear((300, 0), 3).virtual_time_s) # #31400m+5 % P3s
178 steps.append(client.measure((300, 0), 2).virtual_time_s) # 5 HORS T 2
179 info = client.exit()

180 expected = [105, 111, 194, 199]

181 ok = [round(value, 6) for value in steps] == expected \

182 and round(info.virtual_time_s, 6) == 199 and info.reason == EXIT_USER

183 print (json.dumps ({"expected": expected, "got": steps,

184 "final virtual_time_s": info.virtual_time_s,

185 "exit_reason": info.reason, "pass": ok},

186 ensure_ascii=False))

187 return O if ok else 1

188

189

190 def _run(args) -> int:

191 B3 /A IR

192

193 =RE T ——local-judge —HEAHITEN (A BIE referee FEX[HE)

194 --self-test WAERIFRAM CR&EUGT) 5 BRIAKWHEE --base-url FIMILIZ

195 (B siAM referee) o FLEHIELETMHANGA T, HREBEHGAL ULIR R o

196

197 SEHLFH: —-self-test BJTEMINLE --real-budget-s (ERIA 1800s) iR |n|

198 remaining_real_duration_s; HAEFH LIRS % /enter &M JyuE (Fia

199 BITIBIT LR 20 48, REK) .

200 e

201 config = ProblemConfig()

202 session = replace(config.session,

203 base_url=args.base_url or config.session.base_url)

204 config = replace(config,

205 session=session,

206 search=replace(config.search,

207 bearing_rounding_margin_deg=args.bearing_margin_deg,
208 persistent_search=args.persistent))

209 if args.persistent:

210 # DI — K 7Y persistent &ML 98.84% LI A

211 # (346170 s) HETEZEEH o XELGH AR LA, WIHHX R 8 R .

212 stations = 49 if args.problem == 4 else 7

213 per_round = config.field.channel_max * stations * (

214 config.cost.measure_s + config.cost.switch_s)

25 print (£" [#7%] —-persistent: {4 {5 FIA RSB AR . "

216 £ A FIRY) {per_round:.O0f}s REILUN[H]"

217 £" ({config.field.channel_max} #fijii x {stations} ufisi x "

218 f"{config.cost.measure_s + config.cost.switch_s:.0f}s) , "

219 £ H SRR AT AR RN (OEH]) o ", file=sys.stderr)

220 truth = None

221 transport = None
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222 real_budget_s = None

223 judge = judge_session = None

224 if args.local_judge:

225 if args.self_test:

226 print("--local-judge 5 --self-test AHE[HHfHiJf]. ", file=sys.stderr)
227 return 2

228 if args.base_url:

229 print("--local-judge ZME --base-url (321 1HbhlkPEMINLE /) - ",
230 file=sys.stderr)

231 started = _start_local_judge(args)

232 if started is None:

233 return 2

234 judge, judge_session, action_port, _ui_port = started

235 config = replace(config, session=replace(

236 config.session, base_url=f"http://127.0.0.1:{action_port}"))

237 elif args.self_test:

238 try:

239 (local_simulator, local_sim_transport,

240 mixed_scene, random_omni_scene, referee_spec) = _load_referee()
241 except ImportError:

242 return _referee_missing()

243 real_budget_s = (args.real_budget_s if args.real_budget_s is not None
244 else config.session.self_test_real_budget_s)

245 config = replace(config,

246 field=replace(config.field,

247 max_real_duration_s=real_budget_s))

248 if args.problem ==

249 sources = mixed_scene(seed=args.seed, count=args.sources,

250 directional=args.directional, config=config)
251 else:

252 sources = random_omni_scene(seed=args.seed, count=args.sources,
253 config=config)

254 truth = sorted(source.channel for source in sources)

255 simulator = local_simulator (sources, robot_id=args.robot_id,

256 spec=referee_spec(config, max_real_duration_s=real_budget_s),
257 stress_mode=True)

258 transport = local_sim_transport(simulator)

259 elif args.real_budget_s is not Nonme:

260 print ("--real-budget-s {Y{{F --self-test FAZL; FRXMIRLIIRS 2%

261 "/enter iZ[U[f] remaining real duration_s Mifi. ", file=sys.stderr)
262 log = SessionLog(path=Path(args.log)) if args.log else SessionLog()

263 client = SimulatorClient(args.robot_id, config=config, transport=transport, log=log)
264 if args.problem ==

265 strategy = "directional"

266 loop_cls = DirectionalExtension

267 else:

268 strategy = args.strategy

269 loop_cls = Q3_STRATEGIES[strategy]

270 try:

271 summary = loop_cls(client, config).run()

272 finally:

273 if judge is not Nonme:

274 _settle_local_judge(judge)

275 summary ["robot_id"] = args.robot_id

276 return _finalize_run(args, summary, strategy, truth=truth, judge=judge,
277 judge_session=judge_session, real_budget_s=real_budget_s)
278

279

280 def _finalize_run(args, summary, strategy, *, truth, judge, judge_session,

281 real_budget_s) -> int:

282 nrAhSE summary JOfEE. BOMEMEIGH R E G,

283 summary["strategy"] = strategy

284 if real_budget_s is not None:

285 summary["self_test_real_budget_s"] = real_budget_s

286 if args.summary_steps is not None and len(summary.get("steps", [])) > args.summary_steps:
287 summary["steps"] = summary["steps"][:args.summary_steps]

288 summary ["steps_truncated"] = True

289 all_cleared = None

290 if truth is not None:

291 # AR TR AR EE
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292
293
294
295
296
297
298
299
300
301
302
303
304

306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361

all_cleared = sorted(summary['"cleared_channels"]) == truth
summary ["truth"] = {"source_channels": truth,
"source_count": lemn(truth),
"all_cleared": all_cleared}
if judge is not Nonme:
_finish_local_judge(judge, judge_session, summary)
all_cleared = summary["local_judge"]["all_cleared"]
print (json.dumps (summary, ensure_ascii=False, indent=2))
return O if summary["completed"] and (all_cleared is not False) else 1

def main(argv=None) -> int:
parser = argparse.ArgumentParser(prog="mcm26b", description=__doc__)
parser.add_argument ("--config", default="",
help="Tji{: %3 ProblemConfig M JSON ff (ZHLATT) "
subparsers = parser.add_subparsers(dest="command", required=True)

ql = subparsers.add_parser("ql", help="|u]i—ff hl &z £ >R fif")
ql.add_argument ("input", type=str)
ql.add_argument("-o", "--output", type=str, default=None)
ql.add_argument ("--rounding-margin-deg", type=float, default=0)
ql.set_defaults(func=lambda a: ql_main([a.input] + (["-0", a.output] if a.output else [])
+ (["--rounding-margin-deg", str(a.rounding_margin_deg)]
if a.rounding margin_deg else [])) or 0)

check = subparsers.add_parser("sim-check", help="[] HAill 75 & IR 6
check.add_argument ("--robot-id", default="2026001")
check.set_defaults(func=_sim_check)

run = subparsers.add_parser("run", help="[H#f: LI—EN—iFHE—EH (u@is/4) ")
run.add_argument ("--robot-id", required=True, help=""% L2\ 5, ZHF 15"
run.add_argument ("--base-url", default=None,
help="#H{l 3% 0 Mokt CBRIABUACHE http://127.0.0.1:2026) ")
run.add_argument("--log", default=None, help="4:if[]li JSONL #jHii%ie")
run.add_argument ("--problem", type=int, choices=(3, 4), default=3,
help="[|#i3=2xJm i, [4=IREGERMPE (BN 3) ™)
run.add_argument ("--strategy", choices=tuple(Q3_STRATEGIES), default='"bayes",
help="[|#3%Ms: bayes=Hi T JRM+E BT +RIPILE CBIA,
"R seven FE[E 19.5%%) , seven=-LiftE, "
"grid=49 i [WigHEL; L --problem 3 A:R(™)
run.add_argument ("--bearing-margin-deg", type=float, default=0.005,
help="/R[ & ANHE (RS AORBRMAL/ANE BRIN 0.008°) ™)
run.add_argument ("--real-budget-s", type=float, default=None,
help=" Ky SCHUHBEAPAL (BRA 1800=30 4hfh: {X --self-test f:R(. "
IERMRR ARG 4% /enter R AUE) ")
run.add_argument ("--summary-steps", type=int, default=None,
help="summary H{REA AL AA0 B (BRI SSRMAIFEHE) ™)
run.add_argument ("--persistent", action='"store_true",
help="4 FARKA: $RANEHE AR AR T BRI e B B BRI
vOCBRIASRH] s AU R B i O A, AR Jexit) ")
run.add_argument ("--local-judge", action="store_true",
help="—#AHiFI: HBEBMSLIEIL referee (HLAMIEET+"
"WebUT SZIN/IRL) , WHINFFIA— R Rt o B se s b BR s
" 1T R R i A 1 (FEAE EIAE E SO ARG ) )
run.add_argument ("--judge-port", type=int, default=2026,
help="—#IFIMMHLEHE O T GBRIN 20265 # R/ Hik) ™)
run.add_argument ("--judge-ui-port", type=int, default=8026,
help="—HEPFMIT WebUT ¥l (ERIA 8026: #SEHAIM/HEE) "
run.add_argument ("--judge-no-ui", action="store_true",
help="—# 1A JHZ] WebUT (JURBHLEMFEEIT) ")
run.add_argument ("--judge-countdown-s", type=float, default=5.0,
help="—HPE A HHIATF GBI T IR CEImERIN 6 Fb, W4asiind) "
run.add_argument ("--judge-data-dir", default="output/referee",
help="—#PF A iE HEHE (BN output/referee, it WebUT [HlJf) ")
run.add_argument ("--self-test", action="store_true",
help=";EM T iT ML referee SFfiflLIAE (MK, FEET) ")
run.add_argument ("--seed", type=int, default=20260910, help=" [ K7 5tfl+")
run.add_argument ("--sources", type=int, default=None,
help="H ki (BIAZEEILE 10~16 HFEHL) ")

run.add_argument ("--directional", type=int, default=3,
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362 help="|u]&i4 | 375 & A 4L E (--problem 4 A:%() ")
363 run.set_defaults(func=_run)
364
365 args = parser.parse_args(argv)
366 try:
367 return args.func(args)
368 except NotImplementedError as exc:
369 print (£" R : {exc}", file=sys.stderr)
370 return 2
371
372
373 if __name__ == "__main__":
374 sys.exit(main())
src/mcm26b/config.py
LT EH SRS BEE R PR SRR S RS
2
3 ARMBEVES T AAFTEX BB —IK. SAFEYUE :class: "ProblemConfig™ (;
4 AT EEEN A " dataclasses.replace™ ™ JRAEFACHE, ANHIETIHE.
5
6 SRIEIRIELE
7 - TCLEE] HA issue/Bi.pdf. P B BIAY o T2 GEFEDUIY I
8 - LR ARNLRESE, WHREEZINEE, AMEETHE.
9 nmnn
10
11 from __future__ import annotations
12
13 from dataclasses import dataclass
14
15 Vec2 = tuple[float, float]
16
17
18 @dataclass(frozen=True)
19 class FieldConfig:
20 o A B S SRR . D]
21
22 omega_radius_m: float = 1800.0 # HFRXKEAERE, O A R
23 channel_min: int = 1 # AROHE TG
24 channel_max: int = 20
25 source_count_min: int = 10 # — R EEGER EOAERESmM)
26 source_count_max: int = 16
27 r_eff_min_m: float = 1000.0 # ARAEBCER TR no_signal HABHERIZ R
28 r_eff_max_m: float = 1500.0 # AREERCEE EA: direction [REHEES A
29 near_radius_m: float = 5.0 # "PHEEEE, R E R R
30 clear_radius_m: float = 20.0 # IG5 SEMAN IR
31 bearing_error_half_deg: float = 1.0 # sn[a]EiRZEINEE (AR
32 bearing_decimals: int = 2 # 35 1] 7 1) BE /NECDE
33 coord_abs_limit_m: float = 2_000_000.0  # #2AZAMGRAYLENE_LFE GEE IR 9 HTTP 400)
34 directional_half_angle_deg: float = 90.0 # & [i] {5 4490 A 25 (&%)
35 max_virtual_duration_s: float = 360_000.0 # Jflltl LRI (100/NE)
36 max_real_duration_s: float = 1200.0 # /enter WNIN)JGHE)Fiafr FIE (204-4])
37 test_window_s: float = 1500.0 # WA EE IR E O (25404h)
38
39
40 @dataclass(frozen=True)
41 class CostConfig:
Eo) R R AR AR . DD MR BHR2sEa . e
43
44 speed_mps: float = 5.0 # BBl RN =HZ4IE % /speed
45 measure_s: float = 5.0 # BRI INEERER) (TBiB45H)
46 switch_s: float = 1.0 # TR PAGE R DJRERT . (AT /measure filik
47 clear_success_s: float = 5.0 # 5 IhEEn = W2 Efi3s + BotisG2s
48 clear_fail_s: float = 3.0 # REIAERER = O ENSs
49
50
51 @dataclass(frozen=True)
52 class SessionConfig:
53 w2 T L 4 5feHs . arena/robot/request MUMIh W], HAxk [TA]. "nn
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55 arena_id: str = "default" # [Oim] [ E(E

56 base_url: str = "http://127.0.0.1:2026" # [ ASHDlas BRIASE O Hohit

57 robot_id_max_bytes: int = 64 # (U] UTF-8 KJF 1..64

58 request_id_max_bytes: int = 128 # [Uif] UTF-8 K 1..128

59 request_body_max_bytes: int = 65_536 # [Uim] @BH R M HTTP 413

60 connect_timeout_s: float = 5.0 # [TFE] SRt

61 read_timeout_s: float = 15.0 # (A1 it a5 RS CALBH I By B g
62 max_attempts: int = 3 # [TR) IERS SR (SER)

63 retry_backoff_s: float = 0.25 # [T FERGEREE, #% 27°n UK

64 reserve_exit_s: float = 60.0 # TR iR B 5 e i & i 0 S Rb 4

65 real_rtt_p95_s: float = 1.0 # [TRE] PiscsaggRma i, s n
66 # (TR AR/EGyImE: B ER R 7217 B 12008 RfEK:

67 # ﬁ 25 --real-budget-s 7 LocalSimulator lJZIElEI’fj remaining_real_duration_s,

68 # BRI\ 1800s (30 Zpdpsctll) . FITEIE" BRI N RRELIZ T BB " T .

69 self_test_real_budget_s: float = 1800.0

70

71

72 @dataclass(frozen=True)

73 class SearchConfig:

74 nendl R SE NS (TR PRI docs/BEUA /T 5 5Lt ] .mdo "

75

76 grid_step_m: float = 700.0 # P4 FEZEMME K HICXA 700%sqrt (2)~2989.95<=1000
77 grid_half_cells: int = 3 #1i,j € [-3,3], 49 /ST [-2100,21001°2 D Q

78 fallback_clear_grid_m: float = 20.0 # P5 J5#igfii%: 10%sqrt(2)<=20

79 # < NMERE: IR X R I R PIALANEC, BIN <=0.005° ff2E D] :
80 # PIIAR RN S TR T RO I . MUBREBRINYS CLT run BRIA—BU 0.005 [LFE].

81 bearing_rounding margin_deg: float = 0.005

82 # ---- P3/P4 TELENMHHHSE [THA] —--—-

83 polygon_sides: int = 192 # RS2 AR NE @ ERIRZE 1800(1-cos(7/192))~0.24m
84 witness_spacing_m: float = 60.0  # IR EuPEAGnil SR i, ke n i 1/4 Isg
85 candidate_rings: tuple = (0.0, 0.4, 0.75, 1.0) # “Ze4-Halltdih Pt S il A2 L )

86 candidate_angles: int = 12 # RIS 4K

87 clear_margin_m: float = 0.5 # EERIEBMAS TRARE (ZLBERREZIN)

88 max_localize_steps: int = 8 # UIE E (LY B A 28 R

89 max_anomalies_per_channel: int = 3 # Wi Soiicat BRR. Bk S8 bR

90 # -——- P5 YRS (TR -———-

91 max_blocked_probes: int = 4 # S8 LB PR 1 RS A AR A A

%) # (HUGER+E 2 IR B G %R

93 fallback_max_cells: int = 400  # J5#r{GIRASELARTL; ML HH (Tt sl e i)
94 # -——— X (HTER) [T, 2026-09-12 )k Po-2 / S2 fifk] ----

95 # SEIY R R A

96 #  squared9 IHE 7620 538 (700m J7A&, Ml 36.4km) ;

97 # g4_mincover_vl 75m/24 P4F.UvR/NEE (31 4, K[l 22.9km) A0 ARG B

98 # TE 25m/48 RiF 125 4~ (p,h) BRI, JERAEESHIAR:

99 #  g4_mincover_v2 **Pi#imxxi/NE (31 45, r_design=965m. FiA MM 5°.

100 # MR PER Bom/48 B + IETHAHEERKEAETAED |

101 # 15m/72 £4 (325.6 Ji (p,h)) #kI1 0, fHIFdyrh 990m, i [H 23.9km,
102 # BATIRER —REEE A%, Al e R 3.

103 q4_coverage_plan: str = "g4_mincover_v2"

104 verify_coverage_plan: bool = True # BTSRRI

105 # -——— SN E MR A A (LR, 2026-09-12 ZU4fifl PO-3] ----

106 # MO RIERMBUELE (A8 < @) BRE T4 A WM A
107 # MUREE 45° MrBbdini: WA s Bgs thBRIET o 22 EAs it/ BkS

108 # TEBRIES SEEIEH AT, AHF L ST .

109 directional_joint_belief: bool = True

110 # —-—— SEPUEE A PR AE AL [T, 2026-09-12 EligE DP /% s3/D1] ----

11 # |HiF5r ~prob_detect/(Falj+6) ~~ Hi"iX s A AFH A WIR" . AWl 5EHF £ />

112 # AWEE", SREEPFE—ANEAPGER H. DL & el WALk

113 #  (JURE prob_detect > ratioxig KIAMMELL) . /ML

114 #  EDEI MEC *Pf21(Q) + X - CHEILE-qoMEC [BLO MBI + KD

115 # 9 Yt core FIXT (BIEBAE&WMBNZ ) -

116 # A=0.05: J5%% 6.8 K / T 9740 s (HE#H TS, WEEL LK)

117 #  A=5 D JEFE 4.3 Ik / T 8604 s (BB, FMLLUE + UEHKT)

118 # (UK HT (nearest_visible) : 545 4.3 K / T 8602 s, REfhik

119 # MIXFIH visibility O (56 125.6 K. T 9225 s) =FHHHELF, H X Bk

120 # OMRBIIHACE BRI + AER B R R T E R, HURA UL R 2.

121 probe_score_mode: str = "nearest_visible" # visibility | expected_radius | nearest_visible
122 probe_lambda_move_s: float = 5.0 # expected_radius [1f2 FIIBIITH
123 # AR NE: HRE prob_detect > ratioxip K {EHMMREIL T BAAE,
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124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193

# IR LA SE R SERRHR B R R A

probe_visibility_ratio: float = 0.7

probe_exclude_blocked: bool = True  # Ll HL @G P40 448 55 A 1 5 5 R R

approach_fractions: tuple = () # D1 LTSI LL G (0=[E.0y) 5 BRIARH

# -——— RIS (TR, 2026-09-12 54/D3] ----

# S I]: o VR TE A LI S DGkl ™ 6 AR B PR S T

# Hbp——0r-opt SILFEFHERTHEFIM. 9 HEICAT: HIrsh 125.7 KK

# vs Or-opt 161.4 JX (T 8676 =+ 8940 s) . BRIARM, {RERILEI X,

fallback_optimize_tour: bool = False

# -——- REEER [T, 2026-09-11 P JuskiEiT] -—--

# BRI BRSO (1 PYEENLERRRIE) ARG

# ALH) Jexit, AEHH. EHRMREE BFEVEIERRmE) RE, &

# "mcm26b run --persistent WAIF)E: REHARFEHRIE, EIIHHRL

# 3k 16, LHIBEFER S BRI L 2R EAE .

persistent_search: bool = False

virtual_reserve_s: float = 10_000.0 # MEIIIK 22440t F 4 A b 1k & shik .
# BEGlE 100 /NI b PR B AL A 5 i) 45 TR

@dataclass(frozen=True)
class BayesConfig:

"PAb DUM-BT AR IR RN S8 (RIS HI M bayes) o [LFR]

AL P D A AR PEARHE Voronod #ihE: FLALIRATTEAS.O 5 IR BEES
<= sqrt(2)/2 * particle_spacing_m, ffff kill H|EHNGEIZME.
A S BR (EPEIL docs/algo-3-bayes.md §2)

nun

particle_spacing_m: float = 14.65 # [W{%[H]i; Voronoi #i& = 10.35m;
# WY 4.7 g/ GE, AREMRE RG]

# -——— (FAWZ5IES [TF2, Optuna TPE & [MIH 2026-09-11] ----

# JMSiCE W output/q3/bayes-tuning/; 4 FAAAGAY LRI EITIT R W

# output/q3/optimization-20260911/, BN 515 EIES N TRER

score_mode: str = "entropy" # entropy={¥ log EfF 5L (fFEIEZE) |
# radius=J{H R PR (EIIET)

score_subsample: int = 800 # SRR R AR

mc_representatives: int = 7 # R EEAR S YA MBGEERS)

lambda_move_s: float = 0.05 # BV TP s R T RS (HE/ D)
# 2026-09-12 [iiXEHi: 0.05 {£T 0.0105 (20 ¥FHME -2.8%) |
# entropy M2 NEEIN 0(1) XHEUE, AFU/NEEAR /N

# ——— BRLRIRINIRL [TFE, 2026-09-12 P2] —-—-

# IHA L current->q + q->MEC. 785 HI*(5 B HIAEMA B (LIS L LET K

# R JFEJE, TEMEIE I q R w0 & JE X 24 B 45 2R

# (gL A/B DIURGE B AL A IR o

# 2026-09-12 ViZEHLWEE Ml (18 15) « 2GH] 3193.1 s vs JFJ3 3210.3 s,

# FEh 12339.8 m vs 12446.8 m E 1e-3 MIFFLRIIARMN RGN, BRIARH

route_aware_probe: bool = False

route_aware_insert_weight: float = 0.001 # AU/ RAITE ZEL ONLE, (LHE)

route_aware_clear_weight: float = 0.0 # S q->MEC THBREEAT (B ahmes)

wide_rings: tuple = (1.0, 1.5, 2.0)  # iRl IR E IR (x PF MEC 2f48)

# -—— v 5EE (TR ——-

station_ring_radius_m: float = 1159.7  # L SIflaft: M IHRGE0 4 ) 7 s fir AL

= RU-EAIRMEKE [T, 2026-09-12 PO-1, SZITERL, BRIAK] ----

BOAR: Sl R /R = A iR, U RS

2] (output/suite/q3-fuse-abx, 20 IFEfitX}), 2026-09-12) :

{B NG 57 74k : 3454.6s vs 3426.9s (+0.8%, Kuil] +10.8 Y. {if{L -188m)
B+ L A . 4989.0s vs 3426.9s (+45.6%, 20/20 EHE) .

BRI B LR 2 -3 ANWRE R — RIS A RO (i, B4 A

# AJELMRIE 20m GiE4S, & GBI R B JlilHm A & P 45l

# RGO EE IS R o, B8 0 RUnmiRE;: False,

fuse_localize_into_tour: bool = False

# —-—= {ESHPT (TR -

H OHE E B OH®

two_opt_enabled: bool = True # JFHER1E 2-opt Mgk (FIE4APITIR)
two_opt_passes: int = 4 # 2-opt AEHEEEL
# --—- WES)Y (Held-Karp, S#MiiiR4s) [LFE, 2026-09-12 S5/T1] ----

# fEEMA 612 Ti: |T| < exact_order_limit Wf5H DP CIRZS=C.i5 HES
# x GEREHM I AGE) SRR TN AIER NN+ 2-opt. 0 FIREEH .

# Sz (18 IR ¢ k5K DP 3203.2 s vs 2-opt 3193.1 s BAERAR " 2 B
# (TS R FER ST g 25 (FLOHET IR BIR R ER) . BUA o

# REGEXHR R, "R R E .
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194 exact_order_limit: int = 0

195 # —--- PF JEBRIEH (LR --—-

196 grid_cert_enabled: bool = True # VTR MEC ML TERIET (MiE24h)

197 opportunistic_measure: bool = True # CLZEENEIIEAS S 5AME 2%

198 # WG LR E D> (1-ratio) AFMU: 0.5 5T 0.65 (18 3%+ 3205.4 vs 3210.3 s)
199 opportunistic_radius_ratio: float = 0.5

200

201

202 @dataclass(frozen=True)
203 class ProblemConfig:

0 RARE. SRR ASHE, TR,
205

206 field: FieldConfig = FieldConfig()

207 cost: CostConfig = CostConfig()

208 session: SessionConfig = SessionConfig()

209 search: SearchConfig = SearchConfig()

210 bayes: BayesConfig = BayesConfig()

211

212

213 DEFAULT_CONFIG = ProblemConfig()

src/mcm26b/coverage/__init__.py
"npa IR 49 NS EMEE S0

annzizk (#EF 0. docs/BEIHAE T 5 SCHtiih k) . md §4)

= {(700i, 700j) : i, j € [-3,31}, IS| = 49, #32 [-2100,2100]2 D Q,
Hﬁﬁﬁﬁﬂ%ﬂﬁ%(ﬁ%%%ﬁ%%fwﬁ$%)o
FOGAT RS E] 4 TSEEES <= 700 - v2 & 989.95 <= 1000 <= f/MEIERE,

Undl g7 8

- BRI M FEGE . wae OFGE, R 4kl
10 - CIEBR/CENARE AT Bk R A% i, (B 5 IR0 B IR

- Hik &N Bk (P6) M\ﬁlf%m AR A kllll.l[E'})ll* lllj\”J/T\ Fll‘l):Ho

=TI T R I O I SR

22

13

14 from __future__ import annotations

15

16 from dataclasses import dataclass, field

17

18 from ..config import ProblemConfig, Vec2

19

20

21 def coverage_points(config: ProblemConfig = ProblemConfig()) -> list[Vec2]:
2 nrra9 R RIARAL R (AU, TN o
23 step = config.search.grid_step_m

24 half = config.search.grid_half_cells

25 return [(step * i, step * j)

26 for j in range(half, -half - 1, -1)
27 for i in range(-half, half + 1)]

28

29

30 @dataclass
31 class CoverageLedger

2 EREEHE R OB, IR > RETH. v
33

34 config: ProblemConfig = field(default_factory=ProblemConfig)

35 points: list[Vec2] = field(default_factory=coverage_points)

36 measured: set = field(default_factory=set) # {(channel, point_index)}
37 skipped: dict = field(default_factory=dict) # channel -> Ji[A

38

39 def mark_measured(self, channel: int, point_index: int) -> None:

40 self .measured.add((channel, point_index))

41

42 def measured_at(self, channel: int, point_index: int) -> bool:

43 return (channel, point_index) in self.measured

44

45 def skip_channel(self, channel: int, reason: str) -> None:

46 e SR EE Bk IR (U0 already_cleared / located_pending_clear) . """
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47 self.skipped[channel] = reason

48

49 def pending_points(self, channel: int) -> list[int]:

50 RSB AN R B TR RS RSCIL (Pa) . v

51 return [index for index in range(len(self.points))

52 if not self.measured_at(channel, index)]

53

54 def coverage_complete(self, channel: int) -> bool:

55 ng R R e (B RaARkd) o

56 return channel in self.skipped or not self.pending_points(channel)

src/mcm26b/evaluation/__init__.py

PR S ZETE s AE B EE H R A E SRR %) 5 S R

1

2

3 EHRGT ISR BN S S R A S A A DR/ 3R 861 .

4  recompute_virtual_time i[RI 5 AL It FH A i — A S5 B0

5 Z P HiEk AN SessionLog 1 accepted Fiffff) {path, request, responsel}.
6 nnn

7

8 from __future__ import annotations

9

10 from ..config import CostConfig

11 from ..protocol.rules import CLEAR_SUCCESS

12 from ..protocol.timing import clear_cost, measure_cost

13

14

15 def recompute_virtual_time(events: list[dict],

16 cost: CostConfig = CostConfig()) -> dict:

17 o AR H RS FLE A R %1

18

19 events #FIJEAN {path, request, response} (accepted=true) o

20 R B % A SR Z] . ATAT—H 5 RS & W A 26481 28 2518\ mismatches,
21 e

22 position = (0.0, 0.0)

23 channel = 1

24 virtual = 0.0

25 virtual_us = 0

26 steps, mismatches = [], []

27 for index, event in enumerate(events):

28 path, request = event["path"], event["request"]

29 response = event["response"]

30 if response.get("accepted") is not True:

31 mismatches.append({"index": index, "issue": "W AHFEZ"T)
32 continue

33 if path == "/enter":

34 position, channel, virtual = (0.0, 0.0), 1, response["virtual_time_s"]
35 virtual_us = round(virtual * 1_000_000)

36 elif path == "/measure':

37 pos = (request["position"]["x"], request["position"]["y"])
38 predicted = measure_cost(position, pos, channel, request["channel"], cost)
39 position, channel = pos, request["channel"]

40 virtual_us += predicted.total_us

41 virtual = virtual_us / 1_000_000

2 elif path == "/clear":

43 pos = (request["position"]["x"], request["position"]["y"])
44 success = response.get("clear_result") == CLEAR_SUCCESS

45 predicted = clear_cost(position, pos, success, cost)

46 position = pos

47 virtual_us += predicted.total_us

48 virtual = virtual_us / 1_000_000

49 elif path == "/exit":

50 pass # /exit NHEHEMERINGP [HIH]

51 else:

52 mismatches.append({"index": index, "issue": f"RAIE{E {path}"})
53 continue

54 delta = response["virtual_time_s"] - virtual

55 if abs(delta) > 1le-6:

56 mismatches.append({"index": index, "path": path,
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57 "recomputed_s": virtual,

58 "recorded_s": response["virtual_time_s"],
59 "gap_s": deltal})

60 steps.append({"index": index, "path": path,

61 "predicted_s": round(virtual, 9),

62 "recorded_s": response["virtual_time_s"]})

63 return {"steps": steps, "final virtual_time_s": virtual,

64 "mismatches": mismatches}

65

66

67 def summarize(events: list[dict]) -> dict:

68 "SRR R/ TR/ B B B R A kA e

69 position = (0.0, 0.0)

70 measures, clears, cleared, distance_m = 0, 0, 0, 0.0

71 for event in events:

72 request = event["request"]

73 if event["path"] in ("/measure", "/clear"):

74 pos = (request["position"]["x"], request["position"]["y"])
75 distance_m += ((pos[0] - position[0]) ** 2

76 + (pos[1] - position[1]) ** 2) =** 0.5

77 position = pos

78 if event["path"] == "/measure":

79 measures += 1

80 elif event["path"] == "/clear":

81 clears += 1

82 if event["response"].get("clear_result") == CLEAR_SUCCESS:
83 cleared += 1

84 return {"measures": measures, '"clears'": clears, '"cleared": cleared,
85 "distance_m": distance_m}

src/mcm26b/geometry/__init__.py

nip2 JURIPIEG: B R e & . (TR, E5 T

W I 1) 22 e R B — I ITEA YL (planning #EH) o

from .localization import Measurement, solve, smallest_enclosing_circle
from .planning import first_bearing_candidate_disk

=TGRS I A B Ve I NS R

all__ = ["Measurement", "solve", "smallest_enclosing_circle", "first_bearing_candidate_disk"]

src/mcm26b/geometry/__main__.py

1 """python -m mcm26b.geometry observations.json [-o result.json]"""

2

3 import argparse

4 import json

5 from dataclasses import replace

6 from math import isfinite

7 from pathlib import Path

8 from .localization import Measurement, solve

9

10

11 def main(argv=None):

12 parser = argparse.ArgumentParser(description="B@iu[i—: i, EHALSMHE")
13 parser.add_argument ("input", type=Path, help="{J&measurements%{Z 1) ISON ")
14 parser.add_argument("-o", "--output", type=Path)

15 parser.add_argument ("--rounding-margin-deg", type=float, default=0,

16 help="#iAbR 22 A1, BRIANO; FIESE0. 008 PEAT A NN ™)
17 args = parser.parse_args(argv)

18 try:

19 source = json.loads(args.input.read_text(encoding="utf-8-sig"))

20 measurements = [Measurement (**row) for row in source["measurements"]]

21 if not isfinite(args.rounding margin_deg) or args.rounding margin_deg < O:
22 raise ValueError ("#Ji/PM5R 22 AL/ A FRAE AL

23 measurements = [replace(m, half_angle_deg=m.half_angle_deg+args.rounding margin_deg)
24 for m in measurements]
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

result = solve(measurements)
result["error_policy"] = {
"additional_half_angle_deg": args.rounding margin_deg,
"effective_half_angles_deg": [m.half_angle_deg for m in measurements],
}
except (ValueError, TypeError, KeyError, 0SError) as exc:
parser.error(str(exc))
text = json.dumps(result, ensure_ascii=False, indent=2, allow_nan=False)
if args.output:
args.output.parent.mkdir (parents=True, exist_ok=True)
args.output.write_text(text + "\n", encoding="utf-8")
print (text)

if __name == "_ main__":

main()

src/mcm26b/geometry/localization.py

RTINS T R I O I SR

24

"""Intersect forward bearing wedges without an artificial bounding box.

A1l calculations are floating point with normalized station coordinates.

The reference algorithm deliberately favors auditability over asymptotic speed.
Near-parallel plane pairs are intersected instead of skipped (only exactly
parallel pairs are discarded), and the feasibility tolerance scales with the
candidate vertex magnitude, so legitimate far-away vertices of long thin

regions are never silently dropped.

from dataclasses import dataclass

from itertools import combinations

from math import cos, sin, radians, hypot, isfinite
from random import Random

Point = tuple[float, float]
EPS = 1le-9
PARALLEL_EPS = le-12

@dataclass(frozen=True)
class Measurement:
x: float
y: float
bearing_deg: float
half_angle_deg: float = 1.0

def __post_init__(self):
values = (self.x, self.y, self.bearing deg, self.half_angle_deg)
if any(isinstance(v, bool) or not isinstance(v, (int, float))
or not isfinite(v) for v in values):
raise ValueError ("AAbn. 7[f) BRI 254 M A2 AT PRECE )
if not O <= self.half_angle_deg < 90:
raise ValueError ("iRZERMUTE [0, 90) JF; M M1pE")

def cross(a: Point, b: Point) -> float:
return a[0] * b[1] - a[1] * b[0]

def distance(a: Point, b: Point) -> float:
return hypot(al[0] - b[0], al1]l - b[1])

def halfplanes(m: Measurement) -> list[tuple[float, float, float]]:
"""Return a*x+b*y<=c with unit normals, including the forward constraint."""
theta = m.bearing_deg % 360
lower, upper = radians(theta - m.half_angle_deg), radians(theta + m.half_angle_deg)
middle = radians(theta)
normals = [(sin(lower), -cos(lower)), (-sin(upper), cos(upper)),
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51
52
53
54
55
56
57
58
59
60
6
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

108
109
110
111
112
113
114
115
116
117
118
119
120

def

def

def

def

(-cos(middle), -sin(middle))]
return [(a, b, a * m.x + b * m.y) for a, b in normals]

convex_hull(points: list[Point], eps: float = EPS) -> list[Point]:
"""Monotone chain, CCW, no repeated final vertex; retain segment endpoints."""
ordered = sorted(points)
unique = []
for p in ordered:

if not unique or distance(p, unique[-1]) > eps:

unique.append(p)

if len(unique) <= 2:

return unique

def chain(seq):
out = []
for p in seq:
while len(out) >= 2:
a = (out[-11[0] - out[-21[0], out[-11[1] - out[-2][1])
b (p[0] - out[-1]1[0], p[1] - out[-1]1[1])
# Distance-to-line tolerance, not an unscaled area tolerance.
if cross(a, b) > eps * max(hypot(*a), hypot(*b), eps):
break
out.pop()
out.append (p)
return out

return chain(unique) [:-1] + chain(reversed(unique)) [:-1]

diameter (points: list[Point]):
if not points:

raise ValueError ("% S AEA ATE 7 E LRI EAE")
a = b = points[0]
value = 0.0
for p, q in combinations(points, 2):

d = distance(p, q)

if d > value:

value, a, b =4d, p, q

return value, (a, b)

_circumcircle(a: Point, b: Point, c: Point):
u = (b[0] - a[0], b[1] - a[1])
v = (c[0] - a[0], c[1] - al1])
det = 2 * cross(u, V)
if abs(det) <= PARALLEL_EPS * max(hypot(*u) * hypot(*v), 1e-300):
return None
uu, vv = ul0] *x 2 + ul1] #* 2, v[0] **x 2 + v[1] ** 2
center = (a[0] + (uu * v[1] - vv * u[1]) / det,
al1] + (u[0] * vv - v[0] * uu) / det)
return center, distance(center, a)

_enclosing_circle_reference(points: list[Point], eps: float = EPS):
"""Enumerate all 1/2/3-point supports; 0(m~4), appropriate for small m.

Radius is recomputed against every vertex to preserve numerical containment.
Coordinates should be normalized when there are very large offsets.
if not points:
raise ValueError ("5 £ i /M [ 8] ")
xs, ys = [p[0] for p in points], [p[1] for p in points]
best_c = ((min(xs) + max(xs)) / 2, (min(ys) + max(ys)) / 2)
best_r = max(distance(best_c, p) for p in points)

def consider(center, radius):
nonlocal best_c, best_r
if radius > best_r + eps:
return
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190

def

def

def

actual = max(distance(center, p) for p in points)
if actual <= radius + eps and actual < best_r:
best_c, best_r = center, actual

for p in points:

consider(p, 0.0)
for a, b in combinations(points, 2):

consider(((a[0] + b[0]) / 2, (al1]l + b[1]) / 2), distance(a, b) / 2)
for a, b, ¢ in combinations(points, 3):

circle = _circumcircle(a, b, c)

if circle is not None:

consider (*circle)

return best_c, best_r

_circle_covers(circle, point: Point, tolerance: float) -> bool:
"""Whether the circle already covers point; None means no circle yet."""
if circle is None:

return False
return distance(circle[0], point) <= circle[1] + tolerance

smallest_enclosing_circle(points: list[Point], eps: float = EPS):
"""Welzl's randomized incremental algorithm, using an explicit call stack.

The fixed shuffle makes results reproducible. Expected linear work refers
to randomized input order, not a worst-case guarantee for this fixed seed.
Normalize internally so this public helper also handles translated inputs.
The exhaustive reference is retained for independent regression comparisons.
nnn
if not points:

raise ValueError ("Z3 N4 /M [ A ")
if not isfinite(eps) or eps <= 0:

raise ValueError ("eps:I/i A AR IEE")
if any(len(p) != 2 or any(isinstance(x, bool) or not isinstance(x, (int, float))

or not isfinite(x) for x in p) for p in points):

raise ValueError (" {42020 i A7 R — 4EARBRALA")
origin = points[0]
scale = max(distance(origin, p) for p in points)
if scale ==

return tuple(origin), 0.0
local = [((p[0]-origin[0])/scale, (p[1]-origin[1])/scale) for p in points]
tolerance = min(eps/scale, EPS)
Random (20260910) . shuffle(local)
# Frame = (remaining prefix length, forced boundary, returning from child).
stack = [(len(local), (), False)]
circle = None
while stack:

n, boundary, returning = stack.pop()

if n == 0 or len(boundary) ==

# Forced support points must lie ON the boundary. For three points
# use their circumcircle, even when their unconstrained MEC is smaller.

circle = _circumcircle(*boundary) if len(boundary) == 3 else None
if circle is None and boundary:
circle = _enclosing_circle_reference(list(boundary), tolerance)

elif not returning:
stack.append((n, boundary, True))
stack.append((n-1, boundary, False))
elif not _circle_covers(circle, local[n-1], tolerance):
stack.append((n-1, boundary + (local[n-1],), False))
assert circle is not None
center = (origin[0l+circle[0] [0]*scale, origin[1]+circle[0][1]*scale)
# Recompute after transforming back: returned circle contains all input points
# to distance() precision, including any roundoff from the large translation.
return center, max(distance(center, p) for p in points)

solve (measurements: list[Measurement], eps: float = EPS) -> dict:
"""Solve Q1's pure angular intersection (no disk/range prior added).
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Nonempty intersections of <180-degree forward wedges are pointed polyhedra,

so they possess a vertex, even if unbounded. Feasibility follows from vertex
enumeration; unboundedness follows from a nonzero recession direction.

Empty diameter is null, unbounded diameter is null with diameter_infinite=true.

Near-parallel plane pairs are intersected rather than skipped: their
intersection can be a legitimate vertex of a very long thin region
(e.g. stations lcm apart with bearings 1 and 358.99999999999 deg give a
vertex ~5.7e10 m away). Only exactly-parallel pairs (det == 0) have no
intersection. The feasibility tolerance scales with the vertex magnitude,
since absolute residuals grow with coordinates.
nnn
if not isfinite(eps) or eps <= 0:

raise ValueError ("eps//i A AFRIEE")
if not measurements:

return {"status": "unbounded", "vertices": [], "diameter_m": None,

"diameter_infinite": True, "recession_direction": [1.0, 0.0],
"message": "WCANLI. AT}

if len(measurements) > 100:

raise ValueError ("Z:3% SiHlin ZFUC 100G s B RHUAR DY I 2P i A8 vk )
ox = sum(m.x for m in measurements) / len(measurements)
oy = sum(m.y for m in measurements) / len(measurements)
scale = max(1.0, max(hypot(m.x - ox, m.y - oy) for m in measurements))
local = [Measurement((m.x - ox) / scale, (m.y - oy) / scale,

m.bearing_deg, m.half_angle_deg) for m in measurements]

planes = [h for m in local for h in halfplanes(m)]

def inside(p):
tol = eps * max(1.0, abs(p[0]), abs(p[1l))
return all(a * p[0] + b * p[1] <= ¢ + tol for a, b, c in planes)

feasible_vertices = []
for (a, b, ¢), (d, e, f) in combinations(planes, 2):
det = a *xe - b x*xd
if det == 0.0:
continue  # FEWHTAT: TR M GEPATRINA s AR, (RE)
p=(c*xe-b=x*f)/det, (a*xf -c*d / det)
if isfinite(p[0]) and isfinite(p[1]) and inside(p):
feasible_vertices.append(p)

if not feasible_vertices:
return {"status": "empty", "vertices": [], "diameter_m": None,
"diameter_infinite": False, "tolerance_m": eps * scale,

"message": " MAIIAT A HLA R AGE . U SR ZE R}

# A nontrivial 2D recession cone has a ray tangent to an input halfplane.
# Use a much tighter angular threshold than the positional feasibility epsilon.
ray = None
for a, b, _ in planes:
for direction in ((b, -a), (-b, a)):
if all(d * direction[0] + e * direction[1] <= 2e-14
for d, e, _ in planes):
ray = direction
break
if ray is not None:
break

hull = convex_hull(feasible_vertices, eps)

def world(p):
return [ox + p[0] * scale, oy + p[1] * scale]

result = {"status": "unbounded" if ray else
("point" if len(hull) == 1 else "segment" if len(hull) == 2 else "polygon"),
"vertices": [world(p) for p in hull], "tolerance_m": eps * scale,
"diameter_infinite": ray is not None}
if ray is not None:
result.update (diameter_m=None, recession_direction=list(ray),
message="fE{EIEF IRy 1), KILH, BERMNTLHT K"

return result
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d, pair = diameter(hull)
midpoint = ((pair[0][0] + pair[11[0]1) / 2, (pair[0][1] + pair[11[11) / 2)
distances = [distance(midpoint, p) for p in hull]
witness_index = max(range(len(hull)), key=distances.__getitem__)
max_distance = distances[witness_index]
center, radius = smallest_enclosing_circle(hull, eps)
area = abs(sum(cross(hull[i], hull[(i + 1) % len(hull)])
for i in range(len(hull)))) / 2
result.update(diameter_m=d * scale, diameter_pair=[world(p) for p in pair],
area_m2=area * scale *x 2,
diameter_circle={"center": world(midpoint), "radius_m": d * scale / 2,
"max_vertex_distance_m": max_distance * scale,
"covers": max_distance <=d / 2 + eps * 4,
"coverage_tolerance_m": 4 * eps * scale,
"max_excess_m": (max_distance-d/2) * scale,
"outside_vertex_indices": [i for i, value in enumerate(distances)
if value > d/2 + 4xeps],
"witness_vertex": world(hull[witness_index])
if max_distance > d/2 + 4*eps else None},
minimum_enclosing_circle={"center": world(center), "radius_m": radius * scale},
guaranteed_clearable_at_mec_center=radius * scale <= 20 - eps * scale * 4,
clearance_certificate={"model": "angular_intersection_only",
"clear_radius_m": 20.0,
"numerical _margin_m": 4xeps*scale,
"radius_with_margin_m": (radius+4*eps)*scale,
"remaining_margin_m": 20-(radius+4*eps)*scale,
"center": world(center)})
return result

src/mcm26b/geometry/planning. py

=TGRS I A B Ve I NS R

"""Distance certificates for Q2; does not change Q1's angular polygon model."""

from math import cos, sin, radians, isfinite
from .localization import Measurement

def first_bearing_candidate_disk(measurement: Measurement,
max_range_m: float = 1500,
guaranteed_range_m: float = 1000) -> dict:
"""Enclose the entire truncated first-bearing sector, then erode its disk.

For half-angle <=45 degrees the sector MEC has center distance and radius

a=R/(2xcos(delta)). Intersecting with Omega only shrinks the source set.

A missing sufficient disk is NOT proof that Q is empty. The certificate

guarantees distance only: directional transmitters may still be invisible.

nnn

if any(isinstance(v, bool) or not isinstance(v, (int, float)) or not isfinite(v)

or v <= 0 for v in (max_range_m, guaranteed_range_m)):
raise ValueError ("4 500 A PR IEEL™)
if measurement.half_angle_deg > 45:
raise ValueError ("7 Al 100 S FF M ANt 45, I 1)

delta, theta = radians(measurement.half_angle_deg), radians(measurement.bearing_deg % 360)

a = max_range_m/(2xcos(delta))

center = [measurement.x+a*cos(theta), measurement.y+a*sin(theta)]

available = guaranteed_range_m-a

return {"source_model": "first_bearing_sector_with_range_upper_bound",
"sector_enclosing_circle": {"center": center, "radius_m": a},
"sufficient_candidate_disk": {"center": center, "radius_m": available}

if available >= 0 else None,

"candidate_nonempty_certified": available >= 0,
"distance_only": True,
"max_range_m": max_range_m, "guaranteed_range m": guaranteed_range_m}

src/mcm26b/guarantee/__init__.py

1

nenfGEE: E i (CoveragePlan) . IESiB TN .
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R=RE-CHEES - LY S SV )

WANRBE ST N SR AN ~coverage™ RIS TAT A IE A m kA

from .cover import (CERTIFY_HEADINGS, CERTIFY_STEP_M, OMEGA_RADIUS_M,
R_EFF_MIN_M, CoverageCertificate,
CoveragePlan, PLAN_DIR, VERIFY_HEADINGS, VERIFY_STEP_M,
candidate_lattice, coverage_masks, forward_targets,
greedy_cover, load_plan, nn_tour_length, omega_positions,
plan_instance, plan_names, seven_plan, seven_points,
square_49_plan, verify_full_disk, verify_forward_half_disk,
verify_plan, write_plan)

_all__ = [
"CERTIFY_HEADINGS", "CERTIFY_STEP_M", "OMEGA_RADIUS_M", "R_EFF_MIN_M",
"CoverageCertificate", "CoveragePlan",
"PLAN_DIR", "VERIFY_HEADINGS", "VERIFY_STEP_M", "candidate_lattice",
"coverage_masks", "forward_targets", "greedy_cover", "load_plan",
"nn_tour_length", "omega_positions", "plan_instance", "plan_names",
"seven_plan", "seven_points", "square_49_plan", "verify_full_disk",
"verify_forward_half_disk", "verify_plan", "write_plan",

src/mcm26b/guarantee/cover.py

N - Y N L

RS T B E T TEEAT IR B S (CoveragePlan) .
PRI RE . BE AR, 4RI -

- “Tfull_disk™" (=], &MJE) : {E s Ab no_signal HEf% B(s, r_eff_min),
"2 5% no_signal = PAETEIR" 2K
TTU B(c, 1000) D Q. fREMTEMAE A + PR ¢ 1 6 FHHe.
Trt IWATIXIAE T validate_seven_coverage™ ™ ZiiH (AEMMRMHEEERL) .
- ““forward_half_disk™~ (55PUJ], EMJFE) : FEARES %A, no_signal A
HERRA B35, Sk 3IE I 2Rk
TV(p,h) € axs8*, Jc € S: lc-pl < 1000 A (c-p) -u(h) > 077,
WA 700 m JrkE 49 RUEFEAE (Aol < 1000) , (HGEIRAE;
AR T R SRS 31, FEFER SRR ] A

Bt (docs/ 45 =P MZEM AL 5 TR E T % .nd §2.3) -

wrfRE = BAEFR + BRI, MRLL ISON FRIFHEAIES CRA B,
BROHG IR PR, AERSHIRAY) | B TR S RAE A
ARl id MFEA R 2o TEF R TR s Ak, RS AR A 22 A I o

from __future__ import annotations

import hashlib
import json
import math
from dataclasses import dataclass, field, fields
from functools import lru_cache

from pathlib import Path

from ..config import Vec2

PLAN_DIR = Path(__file__).resolve().parent / "plans"

R_EFF_MIN_M = 1000.0 # [Em] FNERERCEE
OMEGA_RADIUS_M = 1800.0 # [Hijfil Hibxla ez
SPEED_MPS = 5.0 # D] PO I BT A RS B 5L

# AR o o AL IEAT R 7 H o s LR SRAT 2 e b — A S
# REME S B, AR AR (920 100 w/12 RYEIIEHD) .
#75m / 24 RIFRAEMEEY 1 s, A RAEE, SHERAMN K.
CERTIFY_STEP_M = 75.0

CERTIFY_HEADINGS = 24

VERIFY_STEP_M = CERTIFY_STEP_M

VERIFY_HEADINGS = CERTIFY_HEADINGS
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45
46 @dataclass(frozen=True)
47 class CoverageCertificate:

4 COEEES: SRR + BRIT + BRI,

49

50 kind: str # "full_disk" | "forward_half_disk"

51 target_step_m: float

52 headings: int

53 r_eff_min_m: float

54 targets: int

55 uncovered: int

56 worst_hit_distance_m: float

57 nn_tour_m: float

58 generator_sha256: str = ""

59 # JERRAL: BN E R AR () o 5 r_eff min m MBI

60 # iR B E T A ES S M R, W verify_forward_half_disk.

61 verify_heading_margin_deg: float = 0.0

62

63 @property

64 def valid(self) -> bool:

65 return self.uncovered == 0 and self.targets > 0O

66

67 def as_dict(self) -> dict:

68 return {"kind": self.kind, "target_step_m": self.target_step_m,

69 "headings": self.headings, "r_eff min m": self.r_eff _min_m,
70 "targets": self.targets, "uncovered": self.uncovered,

71 "worst_hit_distance_m": round(self.worst_hit_distance_m, 3),
72 "nn_tour_m": round(self.nn_tour_m, 1),

73 "nn_tour_virtual_s": round(self.nn_tour_m / SPEED_MPS, 1),
74 "generator_sha256": self.generator_sha256,

75 "verify_heading_margin_deg": self.verify_heading margin_deg}
76

77

78 @dataclass(frozen=True)
79 class CoveragePlan:

80 nen—fpEE R A+ B+ ER TANRTIER]) o

81

82 name: str

83 problem: int

84 points: tuple[Vec2, ...]

85 kind: str # "analytic" | "certified"

86 coverage: str # "full_disk" | "forward_half_disk"

87 note: str = ""

88 certificate: CoverageCertificate | None = None

89 generator: dict = field(default_factory=dict)

90

91 def __len__(self) -> int:

92 return len(self.points)

93

94 def as_dict(self) -> dict:

95 return {"name": self.name, "problem": self.problem, "kind": self.kind,
96 "coverage": self.coverage, "note'": self.note,

97 "generator": self.generator,

98 "certificate": (self.certificate.as_dict()

99 if self.certificate is not None else None),
100 "points": [[p[0], p[1]] for p in self.pointsl}

101

102

103 # —————————— B -——— REE
104 def omega_positions(step_m: float) -> list[Vec2]:

105 nrQ AT ALE R

106 span = int (OMEGA_RADIUS_M / step_m) + 1

107 return [(step_m * i, step_m * j)

108 for i in range(-span, span + 1) for j in range(-span, span + 1)
109 if (step_m * i) ** 2 + (step_m * j) ** 2 <= OMEGA_RADIUS_M *x* 2]
110

111
112 def forward_targets(step_m: float, headings: int) -> list[tuple[float, float, float]]:

W e, B) HERRRE MR @ 49, SRR,
114 return [(x, y, 2.0 * math.pi * k / headings)
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115 for (x, y) in omega_positions(step_m) for k in range(headings)]
116

117

118 def candidate_lattice(spacing_m: float, radius_m: float) -> list[Vec2]:

119 "t radius_m [EEEN BT MRIE S (A RAD o

120 span = int(radius_m / spacing m) + 1

121 return [(spacing m * i, spacing m * j)

122 for i in range(-span, span + 1) for j in range(-span, span + 1)
123 if (spacing_m * i) ** 2 + (spacing m * j) ** 2 <= radius_m ** 2]
124

125

126 def _bucket(points: list[Vec2], cell: float) -> dict[tuple[int, int], list[int]]:
127 table: dict[tuple[int, int], list[int]] = {}

128 for index, (x, y) in enumerate(points):

129 table.setdefault ((int(x // cell), int(y // cell)), [1).append(index)
130 return table

131

132

133 def coverage_masks(targets, candidates: list[Vec2],

134 r_eff: float = R_EFF_MIN_M,

135 heading_margin_deg: float = 0.0) -> list[int]:

136 A U SR HAROIIERD (Python REEL, #2M1) .

137

138 SUTE55 it 1 25 TRIAAH AR AOAS N R B /R T A, R IT1 - IC) FRRFR.
139

140 ““r_eff " / ~"heading_margin_deg " JwkPiTiimkr: ESLAH AN Ay
141 E ALK ™ (FEE < r_eff. FiJefi < 90°-margin) . ffRAAR
142 R B E B S AR (p,oh) BB (S2 HETiEifk) .

143 e

144 table = _bucket(candidates, r_eff)

145 masks = [0] * len(candidates)

146 sin_margin = math.sin(math.radians(max(heading margin_deg, 0.0)))
147 for t_index, (px, py, heading) in enumerate(targets):

148 ux, uy = math.cos(heading), math.sin(heading)

149 ci, c¢j = int(px // r_eff), int(py // r_eff)

150 bit = 1 << t_index

151 for di in (-1, 0, 1):

152 for dj in (-1, 0, 1):

153 for c_index in table.get((ci + di, cj + dj), O):

154 cx, cy = candidates[c_index]

155 dx, dy = cx - px, cy - py

156 distance_sq = dx * dx + dy * dy

157 if distance_sq > r_eff * r_eff:

158 continue

159 if dx * ux + dy * uy < sin_margin * math.sqrt(distance_sq) - 1le-9:
160 continue

161 masks[c_index] |= bit

162 return masks

163

164

165 def greedy_cover(masks: list[int], n_targets: int) -> list[int]:

166 SO AEGE R O BT B B AR ORI i, R RG] K.

167 full = (1 << n_targets) - 1

168 covered = 0

169 chosen: list[int] = []

170 remaining = list(range(len(masks)))

171 while covered !'= full and remaining:

172 best_index, best_gain = -1, 0O

173 for c_index in remaining:

174 gain = (masks[c_index] & ~covered).bit_count()

175 if gain > best_gain:

176 best_index, best_gain = c_index, gain

177 if best_index < O:

178 break

179 chosen.append (best_index)

180 covered |= masks[best_index]

181 remaining.remove (best_index)

182 return chosen

183

184

54



185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234

236
237
238
239
240
241
242
243
244
245
246

248
249
250
251
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254

def nn_tour_length(points: list[Vec2], start: Vec2 = (0.0, 0.0)) -> float:
"R R G L3 o
remaining = list(points)
position = start
total = 0.0
while remaining:
nxt = min(remaining, key=lambda q: (q[0] - position[0]) #*x* 2
+ (ql[1] - position[1]) ** 2)
remaining.remove (nxt)
total += math.dist(position, nxt)
position = nxt
return total

def _hit_distance(points: list[Vec2], position: Vec2, heading: float,
r_eff: float) -> float | Nonme:

SR N AP R s Y B R A U Nome,
ux, uy = math.cos(heading), math.sin(heading)
best = None

for (cx, cy) in points:
dx, dy = cx - position[0], cy - position[1]
if dx * dx + dy * dy > r_eff * r_eff:
continue
if dx * ux + dy * uy < -le-9:
continue
distance = math.hypot(dx, dy)
if best is None or distance < best:
best = distance
return best

def _nearest_distance(points: list[Vec2], position: Vec2,
r_eff: float) -> float | None:
EREE (RERHTR) 5 i r_eff PAEAATE,
best = None
for (cx, cy) in points:
distance = math.hypot(cx - position[0], cy - position[1])
if distance <= r_eff and (best is None or distance < best):
best = distance
return best

def verify_forward_half_disk(points: list[Vec2], step_m: float = VERIFY_STEP_M,
headings: int = VERIFY_HEADINGS,
r_eff: float = R_EFF_MIN_M,

heading_margin_deg: float = 0.0) -> CoverageCertificate:

n S NE SOV (p,h) FEFERT AL Y IR R

*“heading_margin_deg™ " JsxiE {5 fkx HIW AT I A B B A IR
"R e < 90° - margin". 5 CUr_effT WEIAEAHIES, SREEE LI
BRI HE e SR AS R 550 FL9E (p'L,h') FESRAERE < step - v2/2,
Jifii% < 180/headings J¥, M

r_eff + step-v2/2 < 1000 H  margin > 180/headings/2

FRBELRIE lc-p'l < 1000 H (c-p') -u(h') > 0, XiFJE: S2 UL M RAE
BB e BN 0 FRICDIRSAFAH
nnn
points = list(points)
targets = forward_targets(step_m, headings)
table = _bucket(points, r_eff)
missing, worst = 0, 0.0
sin_margin = math.sin(math.radians(max(heading_margin_deg, 0.0)))
for (px, py, heading) in targets:

ux, uy = math.cos(heading), math.sin(heading)

ci, cj = int(px // r_eff), int(py // r_eff)

best = None

for di in (-1, 0, 1):

for dj in (-1, 0, 1):
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308
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310
311
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313
314
315
316
317
318
319
320
321
322
323
324

for c_index in table.get((ci + di, cj + dj), O):
cx, cy = points[c_index]
dx, dy = cx - px, Ccy - py
distance_sq = dx * dx + dy * dy
if distance_sq > r_eff * r_eff:
continue
if dx * ux + dy * uy < sin_margin * math.sqrt(distance_sq) - 1e-9:
continue
distance = math.sqrt(distance_sq)
if best is None or distance < best:
best = distance
if best is None:
missing += 1
else:
worst = max(worst, best)
return CoverageCertificate("forward_half_disk", step_m, headings, r_eff,
len(targets), missing, worst,
nn_tour_length(points))

def verify_full_disk(points: list[Vec2], step_m: float = VERIFY_STEP_M,
r_eff: float = R_EFF_MIN_M) -> CoverageCertificate:
"SR S @ N RETEREAN B R r_eff RN
points = list(points)
positions = omega_positions(step_m)
table = _bucket(points, r_eff)
missing, worst = 0, 0.0
for (px, py) in positions:
ci, ¢j = int(px // r_eff), int(py // r_eff)
best = None
for di in (-1, 0, 1):
for dj in (-1, 0, 1):
for c_index in table.get((ci + di, cj + dj), O):
cx, cy = points[c_index]
distance = math.hypot(cx - px, cy - py)
if distance <= r_eff and (best is None or distance < best):
best = distance
if best is None:
missing += 1
else:
worst = max(worst, best)
return CoverageCertificate("full_disk", step_m, 1, r_eff, len(positions),
missing, worst, nn_tour_length(points))

def verify_plan(plan: CoveragePlan, step_m: float | None = None,
headings: int | None = None) -> CoverageCertificate:

Sl 7 B B o

BRI DB B R R+ (B4R 75 m / 24 #Y4) : BB TR
S Wi A SR AR R R R R R B 4
2217 (" load_plan™~ FJ lru_cache) , &FgEFe I f—)lAs.
certificate = plan.certificate
if step_m is None:

step_m = certificate.target_step_m if certificate else VERIFY_STEP_M
if headings is None:

headings = (certificate.headings if certificate
else VERIFY_HEADINGS)
if plan.coverage == "forward_half_disk":

# WLIESS: HAET B B ES /M RO R (IHIEBERIA
# r_eff=1000. margin=0, 5P ORZEM—F) -
return verify_forward_half_disk(
plan.points, step_m, headings,
r_eff=(certificate.r_eff_min_m if certificate else R_EFF_MIN_M),
heading_margin_deg=(certificate.verify_heading margin_deg
if certificate else 0.0))
return verify_full_disk(plan.points, step_m, certificate.r_eff min m
if certificate else R_EFF_MIN_M)
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394

# mmmmmmmmoooe ~mmmmmeoene == i
def seven_points(ring radius_m: float) -> list[Vec2]:
mfiEdT- s AR + b 6 gy R,
return [(0.0, 0.0)] + [(ring_radius_m * math.cos(k * math.pi / 3),
ring_radius_m * math.sin(k * math.pi / 3))
for k in range(6)]

def seven_plan(ring_radius_m: float) -> CoveragePlan:

= R EAT IR GESSIER ) validate_seven_coverage M) o """

return CoveragePlan(
name=f"seven-r{ring_radius_m:.1f}", problem=3, kind="analytic",
coverage="full_disk",
note=("fRMTIER] max(r/v3, sqrt(R>+r’>-v3Rr)) < 1000; "

"re[1122.9, 1732] W&y, ELABNK BB ,

points=tuple(seven_points(ring_radius_m)))

def square_49_plan() -> CoveragePlan:
nr SR HTER: 700 o JrAE 49 si GEARSAT. REIEILREXE) o e
return CoveragePlan(
name="square49", problem=4, kind="certified",
coverage="forward_half_disk",
note=" AT fi 7T00V2~2989.95<1000 TSl MAC TN 1.6 f5",
# iFF5 coverage.coverage_points() 84 —3 (y HIRF/N) , {RiFHHR
# F2% grid49_immediate M7 E I,
points=tuple((700.0 * i, 700.0 * j)
for j in range(3, -4, -1) for i in range(-3, 4)))

def _load_plan_file(path: Path) -> CoveragePlan:

payload = json.loads(path.read_text(encoding="utf-8"))

raw_cert = payload.get("certificate") or {}

if raw_cert:
# as_dict() % nn_tour_virtual_s ZEJRAEF: HEUEHRIS ELPRY- B
known = {field.name for field in fields(CoverageCertificate)}
certificate = CoverageCertificate(

**{key: value for key, value in raw_cert.items() if key in known})

else:
certificate = None

return CoveragePlan(
name=payload["name"], problem=int(payload["problem"]),
kind=payload.get ("kind", "certified"),
coverage=payload.get("coverage", "forward_half_disk"),
note=payload.get("note", ""),
certificate=certificate,
generator=payload.get("generator", {}),
points=tuple((float(x), float(y)) for x, y in payload["points"]))

@lru_cache (maxsize=None)
def load_plan(name: str, verify: bool = True) -> CoveragePlan:
CCEATRINEE IR verify T HINHGEfT IS (RN o
path = PLAN_DIR / f"{name}.json"
if not path.exists():
raise FileNotFoundError (£f" /4% %% 5114 {name!r} ({path}) ")
plan = _load_plan_file(path)
if verify and plan.kind == "certified":
certificate = verify_plan(plan)
if not certificate.valid:
raise ValueError(
AT {name!r} ETFIIALR SN "
f"{certificate.uncovered}/{certificate.targets} 4~ (p,h) RELEE")
plan = CoveragePlan(
name=plan.name, problem=plan.problem, kind=plan.kind,
coverage=plan.coverage, note=plan.note,
generator=plan.generator,
certificate=CoverageCertificate(
kind=certificate.kind, target_step_m=certificate.target_step_m,
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395 headings=certificate.headings, r_eff_min_m=certificate.r_eff_min_m,

396 targets=certificate.targets, uncovered=certificate.uncovered,
397 worst_hit_distance_m=certificate.worst_hit_distance_m,
398 nn_tour_m=certificate.nn_tour_m,

399 generator_sha256=(plan.certificate.generator_sha256
400 if plan.certificate else "")),

401 points=plan.points)

402 return plan

403

404

405 def plan_instance(name: str, verify: bool = True) -> CoveragePlan:
a6 AT SRRSO,

407 if name == '"square49":

408 return square_49_plan()

409 if name == "seven":

410 return seven_plan(1200.0)

411 return load_plan(name, verify)

412

413

414 def plan_names() -> list[str]:

as T REHHS (GRE .

416 builtin = ["square49", "seven"]

417 return builtin + sorted(p.stem for p in PLAN_DIR.glob("#.json"))
418

419

420 def write_plan(plan: CoveragePlan, path: Path) -> None:

a1 nERRTER) + GES R o

422 path.parent.mkdir(parents=True, exist_ok=True)

423 payload = plan.as_dict()

424 payload["generator"] = dict(payload.get("generator") or {})

425 payload["sha256"] = hashlib.sha256(

426 json.dumps (payload["points"]) .encode("utf-8")) .hexdigest ()
427 path.write_text(json.dumps(payload, ensure_ascii=False, indent=2) + "\n",
428 encoding="utf-8")

src/mcm26b/harness/__init__.py

Lo RO AR SRS PRl (referee ) HENABML A MR o

2

3 R (SEITBSRIGEE) -

4 - TFUNIAATEMS A~ referee” (% mem26b ki) . BT RBLRTNE:
5 = AR HFEMR/ HBA I referee M1 FLERCLH :class: Transport”,

6 ARG5S B 75 8 2% H A R

7

8 Mgy KL HTTP WAR; E{H Source RAFFET referee illiifi.

9 nnn

10

from .playback import PlaybackTransport

12 from .scenes import mixed_scene, random_omni_scene, referee_spec
13 from .simulator import LocalSimulator

14 from .suites import SceneSpec, suite, suite_manifest

15 from .transport import LocalSimTransport, ScriptedFaultTransport

17 __all__ = ["LocalSimTransport", "LocalSimulator", "PlaybackTransport",
18 "ScriptedFaultTransport", "SceneSpec", "mixed_scene",
19 "random_omni_scene", "referee_spec", "suite", "suite_manifest"]

src/mcm26b/harness/playback. py
e AR SEREAT K F AR AR MRS s e R T B o

T PL B AR AL B 7 e —B s TSRk
(output/ql/practice/*_actions.json) BAEMELE P, %) v B LA
RS WIS 24 I I 55 R 01 1) R BLIRS 078 5 W) 45 o

HEFMIMUFILAC (% i request_id AU 5 REF AR
WMAS 5L, WEE{Y5ER ScriptedFaultTransport) .

N e N e R S
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11 from __future_

import annotations

13 import json
14 from urllib.parse import urlsplit

15

16 from ..protocol.transport import Transport, TransportResponse

17

18

19 class PlaybackTransport(Transport):

20 ""vevents: {#ZkH# [{path, request, response, ...}, ...]l, """
21

22 def __init__(self, events: list[dict]):

23 self.events = list(events)

24 self.index = 0O

25 self.served: list[dict] = []

26

27 def post(self, url, body, headers, timeout):

28 if self.index >= len(self.events):

29 raise AssertionError ("[AlJi H i AR A iK™

30 event = self.events[self.index]

31 path = urlsplit(url).path

32 if path != event["path"]:

33 raise AssertionError(

34 RO A S B SR {path}, FEHIHIH {event['path'l}")
35 self.index += 1

36 self.served.append(event)

37 return TransportResponse (

38 200, json.dumps(event["response"], ensure_ascii=False).encode("utf-8"))

src/mcm26b/harness/scenes. py

1 "R EA . (MR E ) © 46 referee.scenes, WU APARLE o

2

3 HERHFEAMRE CLT ~"--self-test™™ ATIT, FREEHGAL I ZE MR ;

4 BRIACR W U R ) B e R AL 10~16 FEAL. ALETE AR ERA

5 WA BUEES (1..20 HFE) « ARGEICEAE [1000,1500] $4%4).

6 5, B IFARIE B T RS0

7 nnn

8

9 from __future__ import annotations

10

11 from referee import scenes as _referee_scenes

12

13 from ..config import ProblemConfig

14

15

16 def referee_spec(config: ProblemConfig = ProblemConfig(), *,

17 max_real_duration_s: float | None = Nomne):

18 T HIACEN ProblemConfig MY % B ML & referee i) Specs

19

20 max_real_duration_s {YJ T --self-test WISZHITHEE % (BRi\ 1800s)

21 IEXX LIRS %% /enter JRIFIAHE, PERMMLEIARRESE 1200s.

22 e

23 from referee import CostSpec, FieldSpec, Spec

24 field, cost = config.field, config.cost

25 return Spec(

26 field=FieldSpec(

27 omega_radius_m=field.omega_radius_m,

28 channel_min=field.channel_min, channel_max=field.channel_max,
29 source_count_min=field.source_count_min,

30 source_count_max=field.source_count_max,

31 r_eff_min_m=field.r_eff_min_m, r_eff_max_m=field.r_eff_max_m,
32 near_radius_m=field.near_radius_m, clear_radius_m=field.clear_radius_m,
33 bearing_error_half_deg=field.bearing_error_half_deg,

34 bearing_decimals=field.bearing_decimals,

35 coord_abs_limit_m=field.coord_abs_limit_m,

36 directional_half_angle_deg=field.directional_half_angle_deg,
37 max_virtual_duration_s=field.max_virtual_duration_s,
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38 max_real_duration_s=(field.max_real_duration_s if max_real_duration_s is None

39 else max_real_duration_s),

40 test_window_s=field.test_window_s),

41 cost=CostSpec(speed_mps=cost.speed_mps, measure_s=cost.measure_s,

42 switch_s=cost.switch_s, clear_success_s=cost.clear_success_s,
43 clear_fail_s=cost.clear_fail_s))

44

45

46 def random_omni_scene(seed: int = 20260910, count: int | None = None,

47 config: ProblemConfig = ProblemConfig()):

a8 v R RS GBI R3] : %A B SR nn26b. sin.scenes, """

49 return _referee_scenes.random_omni_scene(seed, count, referee_spec(config))

50

51

52 def mixed_scene(seed: int = 20260910, count: int | None = None,

53 directional: int = 3, config: ProblemConfig = ProblemConfig()):

54 n AR A count ANMJEH directional ANJSERJE. "M

55 return _referee_scenes.mixed_scene(seed, count, directional, referee_spec(config))

src/mcm26b/harness/simulator.py
RSN . 4PN ProblemConfig -> referee.LocalSimulator,

PEUALSCINAE ST AL referee (config= ¥if T spec=) ; AT HAGLE ML,
LR Mt 5 B AR 4R ZEL) © " config=ProblemConfig™ " #4Jitk, HLGHHLIN WL
:func: “harness.scenes.referee_spec . HEIHIM Source JRKH referee.

from __future__ import annotations

RTINS T R I U I SR

10 from referee import LocalSimulator as _RefereelLocalSimulator

12 from ..config import ProblemConfig
13 from .scenes import referee_spec

14

15

16 class LocalSimulator(_RefereeLocalSimulator):

17

18 def __init__(self, sources, *, robot_id: str = "2026001",

19 config: ProblemConfig = ProblemConfig(), *xkwargs):
20 super () .__init__(sources, robot_id=robot_id,

21 spec=referee_spec(config), **kwargs)

src/mcm26b/harness/suites.py
U PRES SRS S =/ I I R E R S S (T D .

1
2
3 FFIERY (docs/SE=UIARMAL 5i817H2# /5% .md §1.4 B6 / §P1-3) :

4 TR 20 AR A kg5, il “avg_locate_clear_time_s” [HZT
5 Cvirtual_time_s”, MIGHLIEATATEEIY A4 10 HuEAL 07 5 A 7 RA )

6 URELXE S NIRRT, JE oA b PR AT R G I e——

7 ATAAT R 1 7 IR R — T PR LR PR

8

9

FH A SN B3 e i Transport 75 % Wi 5.
AL

12 from __future_

import annotations

14 import math
15 from dataclasses import dataclass

17  from referee import Source

19 from ..config import ProblemConfig
20 from .scenes import mixed_scene, random_omni_scene

22 SUITE_VERSION = 1
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24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
7
73
74
75
76
77
78
79
80
8

82
83
84
85
86
87
88
89
90
91
92
93

# = WD R IEE AP T 5% (seeds 100 -105 x 10/13/16)
Q3_SEEDS = (100, 101, 102, 103, 104, 105)

Q3_COUNTS = (10, 13, 16)

# SEPOE . SR m HER AR (D 7 48 7 250

Q4_SEEDS = (200, 201, 202)

Q4_CONFIGS = ((10, 3), (13, 6), (16, 8))

# REGF T : 5 benchmark_q3_bayes.py [Al 4%, PRIEZ 5220 & I
ERROR_SEED_BASE = 20260910

@dataclass(frozen=True)
class SceneSpec:
AR AR R UREG SERECSRT.

scene_id: str

problem: int

kind: str # "random" | "boundary"
seed: int

error_seed: int

count: int

directional: int = 0

def as_dict(self) -> dict:
return {"scene_id": self.scene_id, "problem": self.problem,
"kind": self.kind, "seed": self.seed,
"error_seed": self.error_seed, "count": self.count,
"directional": self.directional}

def sources(self, config: ProblemConfig | None = None) -> list[Source]:
"HIREICE ((OASR) . m
config = config or ProblemConfig()
if self.kind == "random" and self.problem ==
return random_omni_scene(seed=self.seed, count=self.count,
config=config)
if self.kind == "random":
return mixed_scene(seed=self.seed, count=self.count,
directional=self.directional, config=config)
return _boundary_sources(self, config)

def _boundary_sources(spec: SceneSpec, config: ProblemConfig) -> list[Sourcel:

CE DR E S RAETRALT @ R r_eff HUT

SRl A, e DXHREEA L, AT LB s I R TE |
A REER Lo ER e GERFITRI) |k
ARSI R
nnn
field = config.field
radius = field.omega_radius_m
sources: list[Source] = []
for index in range(spec.count):
angle = math.pi / 6 + 2 * math.pi * index / spec.count
x, y = radius * math.cos(angle), radius * math.sin(angle)
directional = index < spec.directional
sources.append (Source(
channel=index + 1, x=x, y=y, r_eff _m=field.r_eff min_m,
directional=directional,
heading_deg=(math.degrees(angle) % 360.0) if directional else 0.0))
return sources

def core_scenes(problem: int) -> list[SceneSpec]:

v g R B IR X R S S 1) L .

scenes: list[SceneSpec] = []

if problem ==

for seed in Q3_SEEDS:
for count in Q3_COUNTS:
scenes.append (SceneSpec (

scene_id=f"q3-core-s{seed}-n{count}", problem=3,
kind="random", seed=seed, error_seed=ERROR_SEED_BASE + seed,
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94

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

count=count))

else:

for seed in Q4_SEEDS:
for count, directional in Q4_CONFIGS:
scenes . append (SceneSpec (

scene_id=f"q4-core-s{seed}-n{count}-d{directionall}",
problem=4, kind="random", seed=seed,
error_seed=ERROR_SEED_BASE + seed, count=count,
directional=directional))

return scenes

def boundary_scenes(problem: int) -> list[SceneSpec]:
R AR (B 2 3 10 PR 16 JR) o
if problem ==
return [SceneSpec(f"g3-boundary-n{count}", 3, "boundary", O,
ERROR_SEED_BASE, count)
for count in (10, 16)]
return [SceneSpec(f"q4-boundary-n{count}-d{directionall}", 4, "boundary", O,
ERROR_SEED_BASE, count, directional)
for count, directional in ((10, 5), (16, 8))]

def suite(name: str, problem: int) -> list[SceneSpec]:
g LRI RS ¥ core / boundary / all, """
if name == "core":
return core_scenes(problem)
if name == "boundary":
return boundary_scenes(problem)
if name == "all":
return core_scenes(problem) + boundary_scenes(problem)
raise ValueError (f" RAIZLHESE {name!r} (W% core/boundary/all) ")

def suite_manifest(name: str, problem: int) -> dict:
e EERA L A, ). Bk (5 O\ manifest.json) o """
scenes = suite(name, problem)
return {"suite_version": SUITE_VERSION, "suite": name, "problem": problem,
"scenes": [scene.as_dict() for scene in scenes]}

src/mcm26b/harness/transport . py

=TGR e L B Ve I NS R

"EERIERL: PN O R <-> ABA Transport #2 + BUBIEAMIA.

LocalSimTransport il referee fI[f] handle_raw (L HTTP fRSS#%4LH M [R—
ARSI AL TR IMER . NG R SRR NE SCE R TR —3:

- “T"drop_before" "  EFRIN, FfEARILKMRSGH (MRAERK)

- T "timeout_after" " fRSFHCLZMIFARL, MMM EL CLAEEREE )

- " ("status", n) " JREGEREFEE HTTP JRISFS (40 500/429) ;
- ““None " EH AT

A B — AT -

from __future_

import annotations

from urllib.parse import urlsplit
from referee.interface import handle_raw

from ..protocol.transport import Transport, TransportError, TransportResponse

class LocalSimTransport(Transport) :

"N U FIES) Transport 1 (HI(5E HITP i) o "

def __init__(self, simulator):
# simulator: referee.LocalSimulator (CRENTMEFATE, #HESANTTE)
self.simulator = simulator

self.received: list[tuple[str, dictl] = []
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46
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def post(self, url, body, headers, timeout):
return self.request("POST", url, body, headers, timeout)

def request(self, method, url, body, headers, _timeout=None):
L RIRESRIA A A IR B, TCP. UT BERERR .
target = urlsplit(url)
raw_target = target.path + (f"7{target.query}" if target.query else "")
result = handle_raw(self.simulator, method, raw_target,

list (headers.items()), bytes(body),

on_request=lambda path, payload, _res:

self .received.append((path, payload)))

return TransportResponse(result.status, result.body)

class ScriptedFaultTransport (Transport) :

AT A RUROR 4 R 28 R

def __init__(self, inner: Transport, script: list):
self.inner = inner

self.script = list(script)
self.sent_requests: list[bytes] = []

def post(self, url, body, headers, timeout):
self.sent_requests.append(body)
self.script.pop(0) if self.script else None
if fault == "drop_before":
raise TransportError("injected: connection refused before send")
if fault == "timeout_after":
self.inner.post(url, body, headers, timeout) # Hi45aiC 2
raise TransportError("injected: read timeout after server applied")
if isinstance(fault, tuple) and fault and fault[0] == "status":

fault

body = b'{"accepted": false, "real_timestamp_ms": O, "virtual_time_s":

return TransportResponse(int(fault[1]), body)
return self.inner.post(url, body, headers, timeout)

src/mcm26b/particles. py

=TGR I A B Ve I N

"vPAb DU TR TSN A SRR S SO SR

% belief.CandidateRegion (fR5FMAMIL, TiEFRARMN ") FHAb:
WRSSEAFR R IR At 0 BEESHEE N 2 FF no_signal HERRALAYIEL AT,
AT SZ R S A P R R A B

1. BRFIER: EEENE = WTENS = ZHETLE (7%, TREEkES)

2. BRI SEFFEAEEI SR RNER > romax + fiE = ZKMEL no_signal,
HAFEAATBrHER: . mT ek (4 ss Kl + s ) .

3. TR no_signal HEER B(s, 1000), MFE/RAMIAL, WIAK EHEMAE

FEREME (IR 3, docs/algo-3-bayes.md §2) : #%JE h ff] Voronoi #i
m = sqrt(2)/2 - h MO EHREPME— R E . i kill HEHHNYE o,
B 2 oA RIS AHE S I A A% o BTSSR A S AR S
WOZHE KA ——ALZ W75 5 EFEEA S ', H:

- VEBRIET: MEC(SEFR) .R + m <= 20 - [RAR = HEEHEERA <= 20;

- OWIER: EEEAT = WITEAR

o

WEIMFE S5 phS7 PE ML referee.LocalSimulator —%{ [l :

- no_signal: JEE > r_eff >= 1000 = W[{7# N B(s,1000) = &;

- direction: i <= 1500, sR[AEFIRZE |{HE-HEH] <= d_eff (HHAHE)
- near: FAES <= 5,

PERERCH: kill SERAEGE 0 #£4
K| (FAKREA CF MR e +

from __future_

import math
import os

import annotations

TB5Es SR R A DR B2 5
HaR,

IR 55 BRI 4 v 35008 T o
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77
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87
88
89
90
91
92
93
94
95
96
97
98
99

100

101

from .config import ProblemConfig, Vec2
from .geometry.localization import smallest_enclosing_circle
from .protocol.rules import DIRECTION, NEAR, NO_SIGNAL

_ANG_EPS_DEG = 1e-9 # A kill RIS E
_DIST_EPS_M = 1e-9

_COARSE_FACTOR = 4 # MR IR A M AL

try: # numpy (A ] s IE R G BRI AT R4 Python
import numpy as _np

except Exception: # pragma: no cover - FBEJG numpy HfEZ Python 7337

_np = None
if os.environ.get("MCM26B_NO_NUMPY"):  # 5&ifil4ll Python: X415 [liRE5IEH
_np = None

def angular_gap(a_deg: float, b_deg: float) -> float:
S BATIRLA () BRI,
return abs((a_deg - b_deg + 180.0) % 360.0 - 180.0)

def as_sample_array(samples):

e [(x,y), ...] SRR (n,2) float64 H4l; numpy R FAER A

TR OUREE A x FRHD RYREIES, RHF CPU M TRITH
(S 72%) o YT AL RUBTAAR— U, PR4r BREE R IR
W52 (numpy / 4 Python) iE M ZENiX5%, Ul tests/test_particles.py.
if _np is None or isinstance(samples, _np.ndarray) or len(samples) ==
return samples
return _np.asarray(samples, dtype=float)

def _branch_radius_array(members) -> float:
RRRP S =L v 2 e 05 A )R 0F N R B
centroid = members.mean(axis=0)
return float(_np.max(_np.hypot(members[:, 0] - centroid[0],
members[:, 1] - centroid[1])))

class ChannelParticles:

e BB B R SR A AR

WItg RS Q SN RIS A% GAK h) L RG] ik +
Talive T EEFMRIIEG. WIRE = BOEFM <= Q PR + Rl
LEFET, HILIEW (Ipl <= 1800 [Hif]1) Fifei& LIEPIEEN .
“Tversion™ FEMKMBREANS, WA ARLZEIRER (MEC. BRKIE) .

def __init__(self, config: ProblemConfig = ProblemConfig(),
spacing_m: float | None = None):

field = config.field
self.config = config
self.spacing_ m = float(spacing_m if spacing m is not None

else config.bayes.particle_spacing_m)
if not 1.0 <= self.spacing m <= 200.0:

raise ValueError ("4%a|fHZ07E [1, 2001 k")

self.margin_m = self.spacing_m * math.sqrt(2) / 2 # Voronoi ikt
self.r_eff_min_m = field.r_eff_min_m
self.r_eff max_m = field.r_eff_max_m
self .near_radius_m = field.near_radius_m
self.half_angle_deg = (field.bearing_error_half_deg

+ config.search.bearing_rounding_margin_deg)
# B [-R-m, R+m]® RUREAEFESI: % (1,3 RAUOLE
# (x0 + (i+0.5)h, x0 + (j+0.5)h), HUOEMEGHIT—H <= h - v2/2 = ¥ig
span = field.omega_radius_m + self.margin_m
self.x0 = -span
self .width = int(math.ceil(2 * span / self.spacing m)) + 1
limit_sq = (span + 1e-9) ** 2
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def

def

def

self.alive: set[int] = set()
self._coarse: dict[int, int] = {} # HARZEG] > FE1FYIH8E
coarse_w = self._coarse_width()
for i in range(self.width):
x = self.x0 + (i + 0.5) * self.spacing m
for j in range(self.width):
if x * x + (self.x0 + (j + 0.5) * self.spacing m) ** 2 <= limit_sq:
index = i * self.width + j
self.alive.add(index)
key = (i // _COARSE_FACTOR) * coarse_w + j // _COARSE_FACTOR
self._coarsel[key]l = self._coarse.get(key, 0) + 1
self.version = 0
self._mec: tuple[Vec2, float] | None = None

—————————————————————————————————————————————————————————— %3 5487

_coarse_width(self) -> int:
return (self.width + _COARSE_FACTOR - 1) // _COARSE_FACTOR

cell_center(self, index: int) -> Vec2:

i, j = divmod(index, self.width)

return (self.x0 + (i + 0.5) * self.spacing m,
self.x0 + (j + 0.5) * self.spacing_m)

discard(self, indices: list[int]) -> None:
e ATERERATT B S I R TR ORI G

self._discard(indices)

_discard(self, indices: list[int]) -> None:
if not indices:
return
coarse_w = self._coarse_width()
for index in indices:
if index not in self.alive:
continue
self.alive.discard(index)
key = (index // self.width // _COARSE_FACTOR) * coarse_w \
+ (index % self.width) // _COARSE_FACTOR
count = self._coarse.get(key, 0) - 1
if count <= 0:
self._coarse.pop(key, None)
else:
self._coarsel[key] = count
self.version += 1
self._mec = None

—————————————————————————————————————————————————————————— YL 7
_kill_disk(self, center: Vec2, radius_m: float) -> None:
" HERAR O BE center <= radius_m RYREFEEAAE CEASHAME WARHUERE) o v
if not self.alive:
return
reach = radius_m + _DIST_EPS_M
ilo = max(0, int(math.floor((center[0] - reach - self.x0) / self.spacing m)))
ihi = min(self.width - 1,
int (math.ceil((center[0] + reach - self.x0) / self.spacing_m)))
jlo = max(0, int(math.floor((center[1] - reach - self.x0) / self.spacing_m)))
jhi = min(self.width - 1,
int (math.ceil((center[1] + reach - self.x0) / self.spacing_m)))
limit_sq = reach * reach
doomed = []
for i in range(ilo, ihi + 1):
dx = self.x0 + (i + 0.5) * self.spacing m - center[0]
base = i * self.width
for j in range(jlo, jhi + 1):
index = base + j
if index not in self.alive:
continue
dy = self.x0 + (j + 0.5) * self.spacing_m - center[1]
if dx * dx + dy * dy <= limit_sq:
doomed . append (index)
self._discard(doomed)
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172

173 def _kill_outside_disk(self, center: Vec2, radius_m: float) -> None:
174 n AR O BE center > radius_m MRS (REMELN) o v

175 if not self.alive:

176 return

177 reach = radius_m + _DIST_EPS_M

178 doomed = [index for index in self.alive

179 if math.dist(self.cell_center(index), center) > reachl]
180 self._discard(doomed)

181

182 def _kill_outside_wedge(self, station: Vec2, reading deg: float) -> None:
183 R R S AR Y O_eff + AIMAS K ERIN LG

184

185 A E = asin(m / max(dist-m, 1)): FEHE—EAAXH&G ORI IO

186 fRZEAE T GREENAUE T FHE o, SO BE NS o) .

187 e

188 if not self.alive:

189 return

190 sx, sy = float(station[0]), float(station[1])

191 doomed = []

192 for index in self.alive:

193 gx, gy = self.cell_center(index)

194 dist = math.hypot(gx - sx, gy - sy)

195 if dist <= self.margin m + 1.0:

196 continue  # RN AL AR TR AT FR AR T L A

197 angular_margin = math.degrees(

198 math.asin(min(0.9999, self.margin_m / (dist - self.margin_m))))
199 gap = angular_gap(math.degrees(math.atan2(gy - sy, gx - sx)), reading_deg)
200 if gap > self.half_angle_deg + angular_margin + _ANG_EPS_DEG:
201 doomed . append (index)

202 self._discard(doomed)

203

204 def apply_measure(self, station: Vec2, result: str,

205 svd_deg: float | None = None, *,

206 directional: bool = False) -> None:

207 n A TR . LRI ME R Voronoi MiRLLRIE (BEHLIERE) o

208

209 ““directional=True " (ZEPUJ]) : no_signal ** %S [A] 5k wx——F A JB
210 PR SBRS T FESR I W TGRS, PPN 2 [t 2y M LR s W e 4

211 :class: ~mcm26b.belief. joint.JointBelief" A

212 e

213 if result == NO_SIGNAL:

214 if directional:

215 return

216 # no_signal = dist > r_eff >= 1000: #&y% A B(s, 1000-m) Fiitl.
217 self._kill _disk(station, self.r_eff min m - self.margin_m)

218 elif result == NEAR:

219 self._kill outside_disk(station, self.near_radius_m + self.margin_m)
220 elif result == DIRECTION:

221 if svd_deg is None:

222 raise ValueError("direction /i1 svd_deg")

223 # direction [@# dist <= r_max [JJif]

224 self._kill_outside_disk(station, self.r_eff_max_m + self.margin_m)
225 self._kill_outside_wedge(station, svd_deg)

226 else:

227 raise ValueError (£" JRHIM[H 455 : {result!r}")

228

229 B oo i
230 def __len__(self) -> int:

231 return len(self.alive)

232

233 def alive_points(self, limit: int | None = Nome) -> list[Vec2]:

234 sorted_alive = sorted(self.alive)

235 if limit is not None and len(sorted_alive) > limit:

236 step = len(sorted_alive) / limit

237 indices = {sorted_alive[int(k * step) % len(sorted_alive)]

238 for k in range(limit)}

239 indices = sorted(indices)

240 else:

241 indices = sorted_alive
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242 return [self.cell_center(index) for index in indices]

243

244 def nearest_alive_distance(self, point: Vec2, limit_m: float) -> float | None:
245 "R SEAAAROIEES s > limit_m IfIRE] None CHUEIAH + FHITED o

246

247 RIETE S W hBOEFEMS OER (B <= linit_m) ; None F/RFTA

28 SO HBH Linit_m, MR A RO AFHIEE, RIH.

249 e

250 if not self.alive:

251 return None

252 coarse_cell_m = self.spacing m * _COARSE_FACTOR

253 coarse_reach = coarse_cell_m * math.sqrt(2) / 2

254 cw = self._coarse_width()

255 ci_base = int(math.floor((point[0] - self.x0) / coarse_cell_m))

256 cj_base = int(math.floor((point[1] - self.x0) / coarse_cell_m))

257 ring_max = int(math.ceil((limit_m + coarse_reach) / coarse_cell_m)) + 1
258 best: float | None = None

259 for ring in range(ring_max + 1):

260 lower_bound = max(0.0, ring - 1) * coarse_cell_m - coarse_reach

261 if best is not None and lower_bound >= best:

262 break # FANAHITERGOES >= TR >= YhETHRA

263 for ci in range(max(0, ci_base - ring), min(cw - 1, ci_base + ring) + 1):
264 for cj in range(max(0, cj_base - ring), min(cw - 1, cj_base + ring) + 1):
265 if max(abs(ci - ci_base), abs(cj - cj_base)) != ring:

266 continue # MY H[IF (Chebyshev #f)

267 if (ci * cw + cj) not in self._coarse:

268 continue

269 ccx = self.x0 + (ci + 0.5) * coarse_cell_m

270 ccy = self.x0 + (cj + 0.5) * coarse_cell_m

271 if math.hypot(ccx - point[0], ccy - point[1]) \

272 > limit_m + coarse_reach:

273 continue

274 i0, jO = ci * _COARSE_FACTOR, cj * _COARSE_FACTOR

275 for i in range(iO, min(iO + _COARSE_FACTOR, self.width)):

276 base = i * self.width

277 for j in range(jO, min(jO + _COARSE_FACTOR, self.width)):
278 index = base + j

279 if index not in self.alive:

280 continue

281 dist = math.dist(self.cell_center(index), point)

282 if dist <= limit_m and (best is None or dist < best):
283 best = dist

284 return best

285

286 def guaranteed_no_signal(self, station: Vec2) -> bool:

287 R SIS > romax (>= r_eff) = ) no_signal, W THEFE. """
288 return self.nearest_alive_distance(

289 station, self.r_eff max_m + self.margin_m) is None

290

291 def mec(self) -> tuple[Vec2, float]:

292 nn e RN R (B, ABER) 5 #% version A, MMM

293 if self._mec is None:

294 if not self.alive:

295 raise ValueError ("7 4 (IZMIE AT iEMIEE ) ™)

296 points = [self.cell_center(index) for index in self.alive]

297 self. _mec = smallest_enclosing_circle(points)

298 return self._mec

299

300 Tt RS-

301 def subsample(self, size: int) -> list[Vec2]:

302 SRR RS HIR R (RS PR T . REEE R o

303 return self.alive_points(limit=size)

304

305 e ARy (FTE)

306 def _expected_survival_vector(self, point: Vec2, sub, representatives) -> float:
307 mnnsexpected_survival ™ [ EALSEEL (54l Python WA [FIEX) o """
308 count = len(sub)

309 eps = 1.0 / count

310 dx, dy = sub[:, 0] - point[0], sub[:, 1] - point[1]

311 dist = _np.hypot(dx, dy)
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312 within = int(_np.count_nonzero(

313 dist <= self.r_eff_min_m - self.margin_m + _DIST_EPS_M))

314 log_keep_ns = math.log(max(1.0 - within / count, eps))

315 bearing = _np.degrees(_np.arctan2(dy, dx))

316 in_range = dist <= self.r_eff max_m + self.margin_m

317 rdx, rdy = representatives[:, 0] - point[0], representatives[:, 1] - point[1]
318 rdist = _np.hypot(rdx, rdy)

319 rbearing = _np.degrees(_np.arctan2(rdy, rdx))

320 gaps = _np.abs((bearing[None, :] - rbearing[:, None] + 180.0) % 360.0 - 180.0)
321 survivors = _np.count_nonzero(

322 (gaps <= self.half_angle_deg + _ANG_EPS_DEG) & in_range[None, :], axis=1)
323 p_ns = _np.clip((rdist - self.r_eff_min_m)

324 / (self.r_eff_max_m - self.r_eff_min_m), 0.0, 1.0)

325 keep_dir = _np.maximum(survivors / count, eps)

326 values = p_ns * log_keep_ns + (1.0 - p_ns) * _np.log(keep_dir)

327 near = rdist <= self.near_radius_m + self.margin_m

328 values = _np.where(near, math.log(eps), values)

329 return float(values.mean())

330

331 def _expected_posterior_radius_vector(self, point: Vec2, sub,

332 representatives) -> float:

333 " expected_posterior_radius™ R EALSZH "

334 eps_radius = self.spacing m / 2.0

335 dx, dy = sub[:, 0] - point[0], sub[:, 1] - point[1]

336 dist = _np.hypot(dx, dy)

337 bearing = _np.degrees(_np.arctan2(dy, dx))

338 keep_ns = dist > self.r_eff min_m - self.margin_m

339 r_ns = (_branch_radius_array(subl[keep_ns]) if keep_ns.any()

340 else eps_radius)

341 rdx, rdy = representatives[:, 0] - point[0], representatives[:, 1] - point[1]
342 rdist = _np.hypot(rdx, rdy)

343 rbearing = _np.degrees(_np.arctan2(rdy, rdx))

344 gaps = _np.abs((bearing[None, :] - rbearing[:, None] + 180.0) % 360.0 - 180.0)
345 dir_mask = ((gaps <= self.half_angle_deg + _ANG_EPS_DEG)

346 & (dist[None, :] <= self.r_eff _max_m + self.margin_m))

347 r_dir = _np.array([_branch_radius_array(sub[row]) if row.any()

348 else eps_radius for row in dir_mask])

349 p_ns = _np.clip((rdist - self.r_eff_min_m)

350 / (self.r_eff_max_m - self.r_eff_min_m), 0.0, 1.0)

351 near = rdist <= self.near_radius_m + self.margin_m

352 values = _np.where(near, self.near_radius_m + self.margin_m,

353 p_ns * r_ns + (1.0 - p_ns) * r_dir)

354 return float(values.mean())

355

356 def expected_survival(self, point: Vec2, subsample,

357 representatives) -> float:

358 ""E[log AT EL] ¢ H/NMZIN A A HEE B AR R

359

360 r_eff ANHEMMS: dist€(1000,1500] W% r_eff~U(1000,1500)

361 I p_ns=(dist-1000) /500 Jj no_signal 4} ZHfZ,

362 - no_signal 4337: Ml B(point, 1000-m), ZEff = FRAEP#AMLY):

363 - direction 4337: DIARZESIT O AMIEEAL, M N B(point,1500+m) PJFTF;

364 - near 773 (dist <= 5+m) : WAFHNRGEE] Sm fE. SEAF LB 0o

365 e

366 if not self.alive or len(subsample) == 0 or len(representatives) ==

367 return 0.0

368 if _np is not None and isinstance(subsample, _np.ndarray) \

369 and isinstance(representatives, _np.ndarray):

370 return self._expected_survival_vector(point, subsample, representatives)
371 eps = 1.0 / len(subsample)

372 keep_ns = max(1.0 - self.fraction_within(subsample, point,

373 self.r_eff_min m - self.margin _m),
374 eps)

375 log_keep_ns = math.log(keep_ns)

376 total = 0.0

377 for rep in representatives:

378 dist = math.hypot(rep[0] - point[0], rep[1] - point[1])

379 if dist <= self.near_radius_m + self.margin_m:

380 total += math.log(eps)

381 continue
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def

def

def

p_ns = min(1.0, max(0.0, (dist - self.r_eff _min m)

/ (self.r_eff_max_m - self.r_eff_min_m)))
reading = math.atan2(rep[1] - point[1], rep[0] - point[0])
survivors = 0
for p in subsample:

if math.dist(p, point) > self.r_eff_max_m + self.margin_m:
continue
gap = angular_gap(math.degrees(
math.atan2(p[1] - point[1], p[0] - point[0])),
math.degrees (reading))
if gap <= self.half_angle_deg + _ANG_EPS_DEG:
survivors += 1
keep_dir = max(survivors / len(subsample), eps)
total += p_ns * log_keep_ns + (1.0 - p_ns) * math.log(keep_dir)
return total / max(len(representatives), 1)

fraction_within(self, samples, point: Vec2, radius_m: float) -> float:

if len(samples) == O:
return 0.0

reach = radius_m + _DIST_EPS_M

if _np is not None and isinstance(samples, _np.ndarray):
distance = _np.hypot(samples[:, 0] - point[0], samples[:, 1] - point[1])
return float(_np.count_nonzero(distance <= reach)) / len(samples)

count = sum(l for p in samples if math.dist(p, point) <= reach)

return count / len(samples)

_branch_radius(self, members) -> float:
m S SRR SELE TR R H UL RO BEES (0(n), S Welzl) o tn
if len(members) ==
return 0.0
if _np is not None and isinstance(members, _np.ndarray):
return _branch_radius_array(members)
mx = sum(p[0] for p in members) / len(members)
my = sum(p[1] for p in members) / len(members)
return max(math.hypot(p[0] - mx, p[1] - my) for p in members)

expected_posterior_radius(self, point: Vec2, subsample,
representatives) -> float:
me— R EE IR ER OK) - iR bR, EARTEERIE I (E.

YA ER B (FAFELE) #% r_eff~U(1000,1500) fFEHTFHS
no_signal/direction 4}, near 433 (dist <= 5+m) J5¥; % 5m 4%
E oy SRR TR OO R BE R Bl (22 << M8, HEFHD -
LJUAIRR worst-posterior [k, {EARMI TS GOMmIAR N EA7 4
HUUHB AR IR (R R A ) o
if not self.alive or len(subsample) == O or len(representatives) ==
return 0.0
if _np is not None and isinstance(subsample, _np.ndarray) \
and isinstance(representatives, _np.ndarray):
return self._expected_posterior_radius_vector(
point, subsample, representatives)
eps_radius = self.spacing. m / 2.0
total = 0.0
for rep in representatives:
dist = math.hypot(rep[0] - point[0], rep[1] - point[1])
if dist <= self.near_radius_m + self.margin_m:
total += self.near_radius_m + self.margin_m
continue
p_ns = min(1.0, max(0.0, (dist - self.r_eff_min_m)
/ (self.r_eff_max_m - self.r_eff_min_m)))
members_ns = [p for p in subsample
if math.dist(p, point) > self.r_eff_min_m - self.margin_m]
reading = math.atan2(rep[1] - point[1], rep[0] - point[0])
members_dir = []
for p in subsample:
if math.dist(p, point) > self.r_eff_max_m + self.margin_m:
continue
gap = angular_gap(math.degrees(
math.atan2(p[1] - point[1], p[0] - point[0])),
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452
453
454
455
456
457
458

math.degrees(reading))
if gap <= self.half_angle_deg + _ANG_EPS_DEG:
members_dir.append(p)

r_ns = self._branch_radius(members_ns) if members_ns else eps_radius
r_dir = self._branch_radius(members_dir) if members_dir else eps_radius

total += p_ns * r_ns + (1.0 - p_ns) * r_dir
return total / max(len(representatives), 1)

src/mcm26b/planner/__init__.py

N = Y R S A

"""P3/P4/P5 HMKJZ: EFNMER AW E YR,

P3 SISl PRIEIRENE S Q ZSIR{k; near 433%) ¢
- K1 =Q N W(sil, 01+£8) N B(sl, 1500); Ze4 gk iiE W
geometry.planning.first_bearing_candidate_disk (§<=1.005° HJiE%s) ;
- TERIEFENEL B(mec_center, 1000-p) I RFEMRIER, L
"IN R R A Ol R bR BRI A e
- RMEREA (HARBSE < BB . SRR TR
Wil WEfEHE 174 BRI S AL P AREUE
- iR near Hf: REIEJEYE Sm PN, EIEXYEIIESK /clear,

P4 PR (Blk: 10/16/0 P, BRI, BEARRSHEEIEN) ¢

&I (coverage.CoverageLedger) - Efi (belief W8Y) - Tk -~ &
o Jexit, HRMLE " CIERREGIEBARFATE Ja B L EE . TR
persistent_searchb] HE R IGIRME , HEIMM AIE (FHREGE 16 /
SEPTIEFRER / BRIZESREARE) o completed FRESIEMSER (45K

I 443 CLEARED/ABSENT HIJCH W) ; accounted_virtual_time_s g3
UG A R LI 2, 55 52 4 3 BRI A58 A Hl T o

Wi ie / P LR 58/ <74 fiﬁ)iﬂ*%ﬁﬂﬂ—])ﬁéﬁjj Jexit FEFEHASER, summary
(stop_reason g2, B ZESGEIRAIE) | SHIRERSIE.

P5 ﬂf_l“J?J JE - (REAIR A TR
?ﬁmﬂ’ﬂzf}uﬁiﬁﬁﬂzﬁdﬁl }r¥ﬁ2\/ (BAES TN AN, (EE LS

4‘“"\*/‘@ . B BRI IR

- {RIE&?WEV\]EI’J no_signal SURE ) R AR OV DUHERED - ek
"SRIBIE ", XSRS EA IR BRA LR NI S R i (ELJRANIRM)

~ SENE R X PR R <=20m LA % (fallback_clear_cells) ,
WiENER R EAG /clear (GEESHAINILI) o AEECERE T P A 2 B Bkid
HMAREH.

from __future__ import annotations
import math
from dataclasses import dataclass

from ..belief import (BeliefState, CandidateRegion, ChannelStatus,
InconsistentBelief, clip_halfplane)

from ..belief.joint import JointBelief

from ..config import ProblemConfig, Vec2

from ..coverage import CoverageLedger

from ..evaluation import recompute_virtual_time, summarize

from ..guarantee import plan_instance, seven_plan, square_49_plan

from ..protocol.client import (DeadlineExceeded, ProtocolError,
SimulatorClient)

from ..protocol.rules import CLEAR_SUCCESS, DIRECTION, NEAR, NO_SIGNAL

from ..protocol.timing import move_time

from ..protocol.transport import TransportError

from ..routing import improve_open_path

def bearing_deg(a: Vec2, b: Vec2) -> float:
"N a fIE b BTG (0-360, 0 b x EJTIH, BMER) . v
return math.degrees(math.atan2(b[1] - a[1], b[0] - a[0])) % 360.0

def _error_brief (exc: BaseException) -> dict:
unujlg'r__';'Tm%: (summary ﬁ}]*é”:ﬁ) #ﬁ!z + ﬁ%ﬁ.ﬂ%(ﬁw nun

return {"type": type(exc).__name__, "message": str(exc)[:500]}
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60

61

62 @dataclass(frozen=True)
63 class SecondPointPlan:

64 R R R R S AR (P3 ) o
65

66 position: Vec2

67 worst_posterior_radius_m: float

68 move_cost_s: float

69 reason: str

70

71

72 @dataclass(frozen=True)
73 class ClearCertificate:

o ERRIED: BEHAMIER (SIERIE) L 2om FIf. v
75

76 channel: int

77 center: Vec2

78 radius_m: float

79 limit_m: float

30 certified: bool

81

82

83 def clear_certificate(region: CandidateRegion, channel: int,

84 config: ProblemConfig = ProblemConfig()) -> ClearCertificate:
85 "mip_poly <= 20 - AMIIEBIRE - TRER A RELEHEER. "

86 center, radius = region.mec()

87 limit = (config.field.clear_radius_m - region.slack_m

88 - config.search.clear_margin_m)

89 return ClearCertificate(channel, center, radius, limit, radius <= limit)
90

91

92 def candidate_points(center: Vec2, safe_radius_m: float, rings, angles: int) -> list[Vec2]:
93 m GREBRRCE N R R RO+ BLRBIPRE < 5. e

94 points = [tuple(center)]

95 for fraction in rings:

96 radius = fraction * safe_radius_m

97 if radius <= 1le-9:

98 continue

99 step = 2 * math.pi / angles

100 for k in range(angles):

101 angle = step * k + step / 2

102 points.append((center[0] + radius * math.cos(angle),

103 center[1] + radius * math.sin(angle)))

104 return points

105

106

107 def _worst_posterior_radius(region: CandidateRegion, q: Vec2,

108 witnesses: list[Vec2], half_angle_deg: float,
109 near_radius_m: float, disk_sides: int) -> float:
O URPBERER q. N ERRELALA * HOBOAS BB R

111

112 By SZ: direction FIXIAIGGE @ (g)+d (2R g MIRAFIEED |

113 L)} near PRVETE q W) near_radius_m W54 B(q, near)NfiEikss,
114 PRUEFZICRLIN no_signal ANARERA, WAMASZSY o

115 XA E &L, AR SRR [T

116 e

117 posterior_radii = []

118 for g in witnesses:

119 phi = bearing_deg(q, g)

120 for reading in (phi - half_angle_deg, phi + half_angle_deg):

121 probe = CandidateRegion(list(region.polygon), region.slack_m)
122 probe.clip_wedge(q, reading, half_angle_deg)

123 if probe.polygon:

124 posterior_radii.append(probe.mec() [1])

125 near_probe = CandidateRegion(list(region.polygon), region.slack_m)
126 try:

127 near_probe.clip_disk(q, near_radius_m, disk_sides)

128 except InconsistentBelief:

129 pass  # B(q, near) H{EEEASHME: near 4L AW REL L, Bhid
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130 else:

131 if near_probe.polygon:

132 posterior_radii.append(near_probe.mec() [1])

133 if not posterior_radii:

134 return region.mec() [1]  # JCATRLRHE SN IE 1] 24 2R 4%

135 return max(posterior_radii)

136

137

138 def safe_disk_radius(region: CandidateRegion,

139 config: ProblemConfig = ProblemConfig()) -> float:

140 nen IEREK AL B(mec, safe) MIRAR; <0 FERTLMHIE (p i/ NEICER)

141

142 SRR M BMGIE R RIEES <= safe + p + le-3 < 1000 <= f/NMEKCERE,

143 W sRIEC#] direction/near, 1mm Z{{H 4 EE R IF S MMk r_eff=1000 FHE

144 H|4 no_signal,

145 e

146 return config.field.r_eff_min m - region.mec() [1] - 1le-3

147

148

149 def select_measurement_point(region: CandidateRegion, from_position: Vec2,

150 config: ProblemConfig = ProblemConfig()) -> SecondPointPlan:
151 " GOIE R R AR T R (P Al WMEEBESLEAD) o

152

153 {RIFFENCEE: B(mec_center, 1000-p): % PNATE S P EEES SIEE

154 <= (1000-p) + p = 1000 <= f/NMEWELE, s sRILE] direction/near,

155 AELIRLE—IK no_signal, p>1000 HFEfL MIRZ MEC [E.0r (F[fE no_signal) .

156 o

157 field, search = config.field, config.search

158 center, radius = region.mec()

159 half_angle = field.bearing_error_half_deg + search.bearing_rounding margin_deg
160

161 def move_cost(point: Vec2) -> float:

162 return move_time(from_position, point, config.cost)

163

164 # 1mm H{HARBAE safe_disk_radius Hichk.

165 safe_radius = safe_disk_radius(region, config)

166 if safe_radius < O:

167 return SecondPointPlan(tuple(center), radius, move_cost(center),

168 "TEHEE L (p>1000) ¢ #% MEC [E|0. FHE no_signal")
169 coarse = region.witnesses(search.witness_spacing_m)

170 samples = candidate_points(center, safe_radius,

171 search.candidate_rings, search.candidate_angles)
172 near_radius, sides = field.near_radius_m, search.polygon_sides

173 best_key, best_point, best_worst = None, None, None

174 for point in samples:

175 worst = _worst_posterior_radius(region, point, coarse, half_angle,

176 near_radius, sides)

177 key = (round(worst, 6), round(move_cost(point), 6))

178 if best_key is None or key < best_key:

179 best_key, best_point, best_worst = key, point, worst

180 dense = _worst_posterior_radius(region, best_point,

181 region.witnesses(search.witness_spacing m / 4),
182 half_angle, near_radius, sides)

183 reason = (£"%4:7% B(centre,{safe_radius:.0f}m) [ {len(samples)} fik; "
184 ORI EY: {best_worst:.1fIm, 1/4 [A|PENNZE % {dense:.1f}m")
185 return SecondPointPlan(tuple(best_point), dense, move_cost(best_point), reason)
186

187

188 def select_second_point(client: SimulatorClient, first_position: Vec2,

189 first_bearing_deg: float,

190 config: ProblemConfig = ProblemConfig()) -> SecondPointPlan:
191 "p3 A[: MEWK direction #is K. &I {RIFHAMC % — R A T 5. "o

192 region = CandidateRegion.initial(first_position, config)

193 half_angle = config.field.bearing_error_half_deg \

194 + config.search.bearing_rounding_margin_deg

195 region.clip_wedge(first_position, first_bearing_deg, half_angle)

196 return select_measurement_point(region, client.state.position, config)

197

198

199 class OmnidirectionallLoop:
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200 S A ) R IR R E T TR (P4 R+ RROHE R .
201

202 Hif70RE) SimulatorClient: P EMVIELAE 49 FMA% I X}4F/ UNKNOWN #iijH

203 Krdils &P direction BIHE NIZMUGEME N FIHIE (i mi- I B 8-

204 HEATFR) . near FHANFR. AUHE" CIEBREGER AR 544

205 ““search.persistent_search™~ (BRIAGH]) WFEHEH

206 RIEERHUE . HENEREGE 16, SEHIBIHFR SN Z 2 mE AR .

207 stop_reason JCEMEMEEIIRH: ~“completed™ ™ FR{ESIEI7EM,

208 (45 4345314 CLEARED/ABSENT HIEHI) . 5 & HFIMREAE"

209 FE S accounted_virtual_time_s 0355 1 YCHE B A A RE4LLIN %1

210 e

211

212 def __init__(self, client: SimulatorClient,

213 config: ProblemConfig = ProblemConfig()):

214 self.client = client

215 self.config = config

216 self.belief = BeliefState(config)

217 # EHETHE B AR AT TR SRR TR BRI TR

218 # DI 49 pi#E (grid49_immediate JELEIRAAR) . £ HIMSRME A 475 5o
219 self.coverage_plan = square_49_plan()

220 self.ledger = CoveragelLedger(config, points=list(self.coverage_plan.points))
221 self.cleared: list[int] = []

222 self.anomalies: list[dict] = []

223 self.stop_reason: str | None = None

24 # BPOEBE LRI (pf_empty / coverage) ., fEHTFSiESCALIE.
225 self.absence_evidence: dict[int, str] = {}

226 # "l 0.5m WK x [ ESAITIAC P - E  ER

227 # 47 98.84% BRI HAETER S H b, ATHECRIZ IS )T HE bR o

228 self.redundant_rescan_measures = 0

229 #E KGR EGE Y O BREUIE I AR B BRI 2] GRAERD) .

230 self.accounted_virtual_time_s: float | None = None

231 # EHARIE /clear JRIKFLASEANUTHE K, #E% /LR —iE L

232 # RETHEFE 3 B/ IRBY RIS R

233 self. _may_clear: set[int] = set()

234 # Wt /PR / SPAEPEBEIR S . RS, RSN summary.

235 self._abort_detail: BaseException | None = None

236

237 R --- - --- ER
238 def run(self) -> dict:

239 wen B PIR, AT R ERLAUR FT Jexit PN summary, AAFEERESIE.
240 try:

241 self.client.enter()

242 self._coverage_phase()

243 if self.stop_reason is None:

244 self._mark_absent_after_coverage()

245 self._resolve_detected()

246 self._record_accounted()

247 if self.config.search.persistent_search:

248 self._persistent_phase()

249 if self.stop_reason is None:

250 if len(self.cleared) >= self.config.field.source_count_max:
251 self.stop_reason = "sixteen_cleared"

252 elif self._all_accounted():

253 self.stop_reason = "all_resolved"

254 else:

255 self.stop_reason = "unresolved_channels"

256 except DeadlineExceeded:

257 self.stop_reason = "real_budget_exhausted"

258 except (TransportError, ProtocolError, InconsistentBelief) as exc:
259 self._abort_detail = exc

260 if isinstance(exc, TransportError):

261 self.stop_reason = "transport_failure"

262 elif isinstance(exc, InconsistentBelief):

263 self.stop_reason = "inconsistent_belief"

264 else:

265 self.stop_reason = "protocol_error"

266 except Exception as exc: # HAMEH AR, AFHET /exit 5455 M
267 self._abort_detail = exc

268 self.stop_reason = "unexpected_error"

269 info = None
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270

272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
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297
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300
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309
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313
314
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316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339

def

def

def

def

def

exit_error = None

try:
info = self.client.exit()

except Exception as exc:  # JZIIANA[H]: 255377 A S etk
exit_error = exc

summary = self._summary(info)

if exit_error is not None:
summary ["exit_error"] = _error_brief(exit_error)

return summary

—————————————————————————————————————————————————————————— B S

_min_virtual_reserve(self) -> float:

BRI R RIS T R A A

BB =2 x Rmuli R EER /O + R o+ B (WLas ARSI R
TR HE X Z M) o FCEEDES BEHAA s A RSO IE B C B
/N, AR USSR S — AN BIETIT Al Rz 100 /N0 B R
nun
reach = max((math.dist((0.0, 0.0), point) for point in self.ledger.points),
default=0.0)
action_bound = (2.0 * reach / self.config.cost.speed_mps
+ self.config.cost.measure_s + self.config.cost.switch_s)
return max(self.config.search.virtual_reserve_s, action_bound)

_virtual_cap_reached(self) -> bool:
"R 2R E : E stop_reason JEiRM True, MU LEIIE

KRR T HRRNEFER A (W, :meth: _min_virtual_reserve”) ,
“search.virtual_reserve_s=10000s"~ [ 2] ML, HEG ML
FifF2 §4.5 [ 100 /NG b BRAARILIAS 52 1 45 7
if (self.client.state.virtual_time_s + self._min_virtual_reserve()
< self.config.field.max_virtual_duration_s):

return False
self.stop_reason = "virtual_time_cap"
return True

_all_accounted(self) -> bool:
return all(belief.status in (ChannelStatus.CLEARED, ChannelStatus.ABSENT)
for belief in self.belief.channels.values())

_record_accounted(self) -> None:

U EE Y S BREGE B AR I Z PR (R AER) o e

if self.accounted_virtual_time_s is None and self._all_accounted():
self.accounted_virtual_time_s = self.client.state.virtual_time_s

————————————— e BN

_pending_channels_at(self, index: int) -> list[int]:

return [channel for channel, belief in self.belief.channels.items()
if belief.status is ChannelStatus.UNKNOWN

and not self.ledger.measured_at(channel, index)]

_next_point_index(self) -> int | None:
" UNKNOWN S50E RE DN R A R (SO IS8 [TAR]) o "
position = self.client.state.position
best_index, best_distance = None, 0.0
for index, point in enumerate(self.ledger.points):
if not self._pending_ channels_at(index):
continue
distance = math.dist(position, point)
if best_index is None or distance < best_distance:
best_index, best_distance = index, distance
return best_index

_coverage_phase(self) -> None:
while True:
if self._count_limit_reached():
return
index = self._next_point_index()
if index is None:
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340 return

341 point = self.ledger.points[index]

342 for channel in self._pending_channels_at(index):

343 if self._virtual_cap_reached():

344 return

345 outcome = self.client.measure(point, channel)

346 self.ledger.mark_measured(channel, index)

347 self.belief.update_measure(channel, point, outcome.result,
348 outcome.svd_deg)

349 if outcome.result == DIRECTION:

350 self._localize_and_clear(channel)

351 elif outcome.result == NEAR:

352 region = self.belief.candidate_set(channel)

353 cert = clear_certificate(region, channel, self.config)
354 if cert.certified:

355 self._attempt_clear(channel, cert.center, cert)
356 else: # ML FARHAE (near fELEHE 5m) ; {RSFICF

357 self._anomaly("near_without_certificate", channel,
358 position=point)

359 if self.stop_reason is not None or self._count_limit_reached():
360 return

361

362 bttt RE A
363 def _persistent_phase(self) -> None:

364 o 4 WA CL A A E TR IR 1 R P10 2026-09-11]

365

366 N BRME (DETECTED 4K4EE i, ABSENT 2x[Akdill, Bitiilas

367 U SIE R ZE) . HENEREGE 16 BUERIZEREARE

368 SEHUTSE: % i DeadlineExceeded JEJE (FABIBRIIAIL) ©

369 e

370 while self.stop_reason is None:

371 if self._count_limit_reached():

372 return

373 if self._virtual_cap_reached():

374 return

375 self._persistent_round()

376

377 def _persistent_round(self) -> None:

378 AR R ARE AR W R .

379 measured: set[tuple[int, int]] = set()

380 while self.stop_reason is None:

381 index = self._next_resweep_point(measured)

382 if index is None:

383 return

384 point = self.ledger.points[index]

385 for channel in self._resweep_channels_at(index, measured):

386 if self._virtual_cap_reached():

387 return

388 measured.add((channel, index))

389 was_absent = (self.belief.channels[channel].status

390 is ChannelStatus.ABSENT)

391 outcome = self.client.measure(point, channel)

392 self.belief.update_measure(channel, point, outcome.result,
393 outcome.svd_deg)

394 if was_absent and outcome.result in (DIRECTION, NEAR):

395 # SR T E SR IE] . SPEVERR. HORHIE E AL IE R .
396 self._anomaly("absent_detected_on_resweep", channel,
397 position=point, result=outcome.result)
398 if outcome.result == DIRECTION:

399 self._localize_and_clear(channel)

400 elif outcome.result == NEAR:

401 region = self.belief.candidate_set(channel)

402 cert = clear_certificate(region, channel, self.config)
403 if cert.certified:

404 self._attempt_clear(channel, cert.center, cert)
405 else:

406 self._anomaly("near_without_certificate", channel,
407 position=point)

408 if self.stop_reason is not None:

409 return
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410

411 def _next_resweep_point(self, measured: set[tuple[int, int]]) -> int | None:
412 A RIS BB R D R A R (B RIEAR [TARD) o e

413 position = self.client.state.position

414 best_index, best_distance = None, 0.0

415 for index, point in enumerate(self.ledger.points):

416 if not self._resweep_channels_at(index, measured):

417 continue

418 distance = math.dist(position, point)

419 if best_index is None or distance < best_distance:

420 best_index, best_distance = index, distance

421 return best_index

422

423 def _resweep_channels_at(self, index: int,

424 measured: set[tuple[int, int]]) -> list[int]:
425 return [channel for channel, belief in self.belief.channels.items()
426 if belief.status is not ChannelStatus.CLEARED

427 and (channel, index) not in measured]

428

429 def _count_limit_reached(self) -> bool:

430 if len(self.cleared) >= self.config.field.source_count_max:

431 self.stop_reason = "sixteen_cleared"

432 return True

433 return False

434

435 e SENL L R
436 def _localize_and_clear(self, channel: int) -> bool:

a7 "EGLFORIR: AR . R

438

439 REER TR BEFERAB AN SOW (/95 DETECTED BE{E %,

440 HENA RAECHTIZAE NG —IK direction S, ARVFLHNERR.

441 e

442 search = self.config.search

443 self._may_clear.add(channel)

444 for _ in range(search.max_localize_steps):

445 if self._virtual_cap_reached():

446 return False

447 region = self.belief.candidate_set(channel)

448 if region is None:

449 return False

450 cert = clear_certificate(region, channel, self.config)

451 if cert.certified and channel in self._may_clear:

452 if self._attempt_clear(channel, cert.center, cert):

453 return True

454 self._may_clear.discard(channel)

455 continue

456 plan = select_measurement_point(region, self.client.state.position,
457 self.config)

458 outcome = self.client.measure(plan.position, channel)

459 self .belief.update_measure(channel, plan.position, outcome.result,
460 outcome.svd_deg)

461 self._may_clear.add(channel)

462 if outcome.result == NO_SIGNAL:

463 self. _anomaly( "no_signal_in_safe_disk", channel,

464 position=plan.position, detail=plan.reason)
465 return self.belief.channels[channel].status is ChannelStatus.CLEARED
466

467 def _attempt_clear(self, channel: int, target: Vec2,

468 cert: ClearCertificate) -> bool:

469 outcome = self.client.clear(target, channel)

470 if outcome.result == CLEAR_SUCCESS:

471 self.belief.mark_cleared(channel)

472 self.cleared.append(channel)

473 return True

474 if cert.certified:

475 self._anomaly("clear_failed_with_certificate", channel, position=target,
476 radius_m=round(cert.radius_m, 3), limit_m=cert.limit_m)
477 return False

478

479 def _anomaly(self, kind: str, channel: int, *xdetail) -> None:
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480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
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527
528
529
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531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549

def

def

"o S RSP IEYE BT R AN B AR R R RIBE . "
recorded = sum(l for item in self.anomalies if item["channel"] == channel)

if recorded >= self.config.search.max_anomalies_per_channel:

return

self.anomalies.append({"kind": kind, "channel": channel, **detail})

_mark_absent_after_coverage(self) -> None:
g [ EEEIER . 2 RETEIE no_signal PUIBE AR D@, v
for channel, belief in self.belief.channels.items():
if belief.status is ChannelStatus.UNKNOWN \
and self.ledger.coverage_complete(channel):
self.belief.mark_absent (channel)
self.absence_evidence[channel] = "coverage"

_resolve_detected(self) -> None:

"R R SE USRI ERIK DETECTED MUHE il 45 — 48 %E (L.

AFFEH P Ik R RN _persistent_phase 77,
FERR ) run() fKFE _all_accounted H|%F all_resolved.

for channel in self.belief.channels_by_status(ChannelStatus.DETECTED) :
if self._count_limit_reached() or self._virtual_cap_reached():

return

self._localize_and_clear(channel)
if self.stop_reason is not None:

return

_summary(self, info) -> dict:
y

"EERHLE. info O None FUR /exit RABZEM (Wrid4E) . MRS B

completed = JiH N H445 R 4345114 CLEARED/ABSENT (fL45iEFHSEM)
stop_reason HITILRMEALE AR A (FRea s N H
virtual_time_cap / real_budget_exhausted / sixteen_cleared) .

events = self.client.log.action_events()

stats = summarize(events)

report = recompute_virtual_time(events)

steps = self._step_report()

cleared = self.belief.channels_by_status(ChannelStatus.CLEARED)
absent = self.belief.channels_by_status(ChannelStatus.ABSENT)
resolved = set(cleared) | set(absent)
unresolved = [channel for channel in sorted(self.belief.channels)
if channel not in resolved]
virtual_time_s = round((info.virtual_time_s if info is not None
else self.client.state.virtual_time_s), 3)

# EEREGE 16 HIEUE BRI (KR

BE TSRS AT REA )

# 750 R 4EHHE Y CLEARED/ABSENT,
completed = (self._abort_detail is None
and (len(self.cleared) >= self.config.field.source_count_max
or not unresolved))
# SERARIE AR A X S e RS R GE B /T BRIER
# NS SCE A2 16 JRERITR A B AE TIE I o
if self._abort_detail is not None:

completion_basis = "incomplete"
elif len(self.cleared) >= self.config.field.source_count_max:
completion_basis = "count_cap"
elif not unresolved:
completion_basis = "per_channel_proof"
else:
completion_basis = "incomplete"

summary = {
"completed": completed,

"completion_basis": completion_basis,

"stop_reason": self.stop_reason,

"exit_reason": "exit_unreachable" if info is None else info.reason,
"virtual_time_s": virtual_time_s,

"accounted_virtual_time_s":

(round(self.accounted_virtual_time_s, 3)
if self.accounted_virtual_time_s is not None
else None),
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550 "persistent_search": self.config.search.persistent_search,

551 "virtual_reserve_s": round(self._min_virtual_reserve(), 3),

552 "coverage_plan'": self.coverage_plan.name,

553 "coverage_points": len(self.coverage_plan.points),

554 "coverage_plan_points": [[p[0], p[1]] for p in self.coverage_plan.points],
555 "coverage_plan_certificate": (

556 self.coverage_plan.certificate.as_dict()

557 if self.coverage_plan.certificate is not None else None),

558 "cleared_channels": cleared,

559 "absent_channels": absent,

560 "unresolved_channels": unresolved,

561 "absence_evidence": {str(channel): self.absence_evidence[channel]
562 for channel in sorted(absent)},

563 "redundant_rescan_measures'": self.redundant_rescan_measures,

564 "measures": stats["measures"],

565 "clears": stats["clears"],

566 "clear_success": stats["cleared"],

567 "total_requests": stats["measures"] + stats["clears"],

568 "move_distance_m": round(stats["distance_m"], 1),

569 # U O BN (SRERI) /7 BT HEAN

570 "avg_locate_clear_time_s": (round(virtual_time_s / len(cleared), 3)
571 if cleared else None),

572 "step_totals": steps["totals"],

573 "steps": steps["rows"],

574 "anomalies": self.anomalies,

575 "virtual_recompute_mismatches": len(report["mismatches"]),

576 "channel_status": self._channel_status_snapshot(),

577 }

578 if self._abort_detail is not None:

579 summary ["abort_detail"] = _error_brief (self._abort_detail)

580 return summary

581

582 def _step_report(self) -> dict:

5 R TIIHE R DB 2026-09-110: SHUAEY + HOAHERUEER 1, »o
584 totals = {"count": 0, "real_elapsed_total_s": 0.0,

585 "real_since_enter_total_s": 0.0,

586 "virtual_move_s": 0.0, "virtual_switch_s": 0.0,

587 "virtual_measure_action_s": 0.0, "virtual_clear_action_s": 0.0,
588 "virtual_total_s": 0.0}

589 rows = []

590 for index, step in enumerate(self.client.log.step_events()):

591 cost = step["virtual_cost"]

592 totals["count"] += 1

593 totals["real_elapsed_total_s"] += step['"real_elapsed_s"]

594 totals["real_since_enter_total_s"] = step.get(

595 "real_since_enter_s", totals["real_since_enter_total_s"])

596 totals["virtual_move_s"] += cost["move_s"]

597 totals["virtual _switch_s"] += cost["switch_s"]

598 if step["path"] == "/measure":

599 totals["virtual _measure_action_s"] += cost["action_s"]

600 elif step["path"] == "/clear":

601 totals["virtual_clear_action_s"] += cost["action_s"]

602 totals["virtual_total_s"] += cost["total_s"]

603 rows.append({"index": index, "action": step["path"]l.lstrip("/"),
604 "result": step.get("result"),

605 "channel": step.get('channel"),

606 "position": step.get("position"),

607 "real_elapsed_ms": round(step["real_elapsed_s"] * 1000.0, 3),
608 "real_since_enter_s": step.get("real_since_enter_s"),
609 "move_s": round(cost["move_s"], 3),

610 "switch_s": round(cost["switch_s"], 3),

611 "action_s": round(cost["action_s"], 3),

612 "step_virtual_s": round(cost["total_s"], 3),

613 "virtual_time_s": step["virtual_time_s"13})

614 for key, value in totals.items():

615 if isinstance(value, float):

616 totals[key] = round(value, 3)

617 return {"totals": totals, "rows'": rows}

618

619 def _channel_status_snapshot(self) -> dict:
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667
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672
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674
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676
677
678
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685
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687
688
689

BARERISTI . PRI IR TS BORS B RY (B —40) . "

snapshot = {}

for channel, belief in sorted(self.belief.channels.items()):
entry = {"status": belief.status.value}
if belief.region is not None:

entry["posterior_radius_m"] = round(belief.region.mec()[1], 3)

snapshot [str(channel)] = entry
return snapshot

class DirectionalExtension(UmnidirectionalLoop):

nun ]‘Iﬂ 4{{___1!:

TR ( C AL+ ERALT + 5 ERR.

5 pa B=mER (WUEREN docs/HhURME L RSN . nd §7)
49 5 TR IN R DURIERT & PR R AR KT, B S BOR X A IR

- {AtF}ax‘LISZHWH’J no_signal M fig R DULIUAERE] « 205058
LR MIB E R, BEE MEC [ELODBOW RS SR A LRIEL

NP I

Mgt (LA RM)

- ENIERE <1§c‘ﬁ.‘n’ﬁﬁﬁﬁ1ﬂ7kl_iﬁl“ﬁ£’l)> B <=20m 45 PR IRl 455
WS GG /clear: JERREHIMIGR DB, &% M HAMKI
A DVER) SE R T Ao ASEUIBAE T B0 SE P A M Bk I R . A E H.

def __init__

super () .__
# PO-2:

(self, client: SimulatorClient,
config: ProblemConfig = ProblemConfig()):
init__(client, config)

S0 A P R — R N R A (BRIN g4 _mincover_v1) .

self.coverage_plan = plan_instance(config.search.q4_coverage_p1an,

verify=config.search.verify_coverage_plan)

self.ledger = CoveragelLedger(config, points=list(self.coverage_plan.points))
self.directional_observed: list[int] = [1  # WLIIIE] & (o) Pk A 4E
self.blocked_probes: dict[int, list[Vec2]] = {}

self.fallback_log: list[dict] = [] # ERIERZ KR

# PO-3:

(fE < FI0) BOEAA74E, DUTEHUE B UCBER DL R or

# AR 1L SR A T8 A " 0 S A SE 1) DR R L

self.joint: dict[int, JointBelief] = {}

self.joint_absent_channels: list[int] = []

self.visibility_probes = 0 # A E Sk AR S

def _coverage_phase(self) -> None:

" AU E ) RIE TS - R SEERAT IR, PRI SS R B

R

AU?F‘L?T‘J%?T‘? ﬁi&lﬁllﬁlﬁﬁﬁi}ﬂﬂ?*ﬁ‘ﬁiﬁu

no_signal AT M2 G , AN 28 = 10 R Bl g A5 E o

while not self._count_limit_reached() and self.stop_reason is None:
index = self._next_point_index()
if index is None:

return

point = self.ledger.points[index]

pending = self._pending_channels_at (index)
pending.sort(key=lambda c: (c != self.client.state.channel, c))
for channel in pending:

if self._virtual_cap_reached():
return
outcome = self.client.measure(point, channel)
self.ledger.mark_measured(channel, index)
self._observe(channel, point, outcome.result, outcome.svd_deg)
if outcome.result == NEAR:
cert = clear_certificate(
self.belief.candidate_set(channel), channel, self.config)
if cert.certified:
self._attempt_clear(channel, point, cert)
if self._count_limit_reached():
return

queue = self.belief.channels_by_status(ChannelStatus.DETECTED)
while queue and self.stop_reason is None:

channel = min(queue, key=lambda c: (
math.dist(self.client.state.position,
self.belief.candidate_set(c).mec()[0]), c))
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690 queue.remove (channel)

691 self._localize_and_clear(channel)

692 if self._count_limit_reached():

693 return

694

695 B oo SENLE T BR
696 def _localize_and_clear(self, channel: int) -> bool:

697 mENLEIR G R SR A, RIS R

698

699 5 P4 MZE5: (RIFEMCEINAY no_signal {5 B4R s Bl i) Y

700 DULIIAERET . B RRRERE —> IR THRE T O N SERLEL

701 H max_blocked_probes FRIiL) , ZJEAlARMSF4: G & iEER.

702 e

703 search = self.config.search

704 self._may_clear.add(channel)

705 steps = 0

706 while steps < search.max_localize_steps:

707 if self._virtual_cap_reached():

708 return False

709 region = self.belief.candidate_set(channel)

710 if region is None:

711 return False

712 cert = clear_certificate(region, channel, self.config)

713 if cert.certified and channel in self._may_clear:

714 if self._attempt_clear(channel, cert.center, cert):

715 return True

716 self._may_clear.discard(channel)  # JE-P32RNG: APIS A 7 B
717 continue

718 if len(self.blocked_probes.get(channel, [])) >= search.max_blocked_probes:
719 break  # BT HRNHOERS: AT, )5 &IER

720 point = self._next_probe(region, channel)

721 within_range = (math.dist(point, region.mec() [0])

722 <= safe_disk_radius(region, self.config))

723 outcome = self.client.measure(point, channel)

724 self._observe(channel, point, outcome.result, outcome.svd_deg)
725 self. _may_clear.add(channel)

726 if outcome.result == NO_SIGNAL:

727 if within_range and channel not in self.directional_observed:
728 self .directional_observed.append(channel)

729 self.blocked_probes.setdefault (channel, []).append(point)
730 continue # MAMLESWARRRIER AL, AHILHTE E

731 self.blocked_probes.pop(channel, None)

732 steps += 1

733 if self.belief.channels[channel].status is ChannelStatus.CLEARED:
734 return True

735 region = self.belief.candidate_set(channel)

736 if region is None:

737 return False

738 cert = clear_certificate(region, channel, self.config)

739 if cert.certified and channel in self._may_clear:

740 if self._attempt_clear(channel, cert.center, cert):

741 return True

742 self._may_clear.discard(channel)

743 return self._fallback_clear(channel, region)

744

745 def _observe(self, channel: int, point: Vec2, result: str,

746 svd_deg: float | None) -> None:

747 me Rl RIS (BLE < #iD) BRE TR

748

749 A E N FEMGE S RPEE WL (direction/near) W7 : MARPEHE LAY

750 B P SR O EE . AR EEIM 4R . AR HONE, HEAH

751 EAER G IERT A%, SRR —2 ) THRETES e AR
752 e

753 self .belief.update_measure(channel, point, result, svd_deg)

754 if not self.config.search.directional_joint_belief:

755 return

756 joint = self.joint.get(channel)

757 if joint is Nome:

758 if result not in (DIRECTION, NEAR):

759 return
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760 joint = JointBelief (self.config)

761 self.joint[channel] = joint

762 joint.apply(point, result, svd_deg)

763 if joint.is_absent() and self.belief.channels[channel].status \

764 is not ChannelStatus.CLEARED:

765 self.belief.mark_absent (channel)

766 self.absence_evidence[channel] = "joint_empty"

767 if channel not in self.joint_absent_channels:

768 self.joint_absent_channels.append(channel)

769

770 def _probe_candidates(self, region: CandidateRegion, channel: int) -> list[Vec2]:
771 nnl GUPERE SRR R PRIERR + WERAL + TR + i ek

772

773 D1 SRELEMMEED: HROREFRESE MEC [RlO @ IR, T B B A Sl

774 WA R X E. HRRLE] 20m FARE . WIER L

775 ““center + a - (YR - center) "~ (a€approach_fractions, a=0 BfI[E.(>)
776 PGS, A SR T AYE GRS TT DU A 32 B VORI R, R LR

777 MIGIEF L near YR,

778 e

779 center, radius = region.mec()

780 position = self.client.state.position

781 candidates = [select_measurement_point(

782 region, position, self.config).position]

783 safe = safe_disk_radius(region, self.config)

784 blocked = self.blocked_probes.get(channel, [])

785 if blocked and safe >= 0:

786 dx, dy = center[0] - blocked[0][0], center[1] - blocked[0][1]

787 norm = math.hypot(dx, dy)

788 if norm > le-9:

789 scale = min(1.0, safe / norm)

790 candidates.append((center[0] + dx * scale, center[1] + dy * scale))
791 # RIE A M MEC FLC B Y HTSAIEEFS] (SROAS)

792 for fraction in self.config.search.approach_fractions:

793 candidates.append((center[0] + (position[0] - center[0]) * fraction,
794 center[1] + (position[1] - center[1]) * fraction))
795 for factor in (0.5, 1.0, 1.5):

796 ring = max(radius * factor, 2.0 * self.config.field.near_radius_m)
797 for step in range(8):

798 angle = math.pi * step / 4.0

799 candidates.append((center[0] + ring * math.cos(angle),

800 center[1] + ring * math.sin(angle)))

801 unique: list([Vec2] = []

802 seen: set[tuple[int, int]] = set()

803 blocked_keys = {(int(round(point[0] * 2)), int(round(point[1] * 2)))
804 for point in blocked} \

805 if self.config.search.probe_exclude_blocked else set()

806 for point in candidates:

807 key = (int(round(point[0] * 2)), int(round(point[1] * 2)))

808 if key in seen or key in blocked_keys:

809 continue # TS GRS A TR 2 AR E S

810 seen.add (key)

811 unique.append(point)

812 return unique

813

814 def _visibility_probe(self, region: CandidateRegion, channel: int) -> Vec2 | None:
815 RS SRR A E ST IR None GREIESF) o

816

817 =R GUZMGE ST, ARIER 24 5E)

818

819 - “"nearest_visible ™ (PRIA) : Sl WARITNE (FLIRH

820 “Tprob_detect > ratio x max™ T FRIE. EGRLE T LB SR FIEERY " HY
821 R TR TYHTALE-QOMEC LG BEREE. 9 ok core Sl

822 JERET 125.7 » 4.3 K/J&. T 9225 -+ 8602 s. Hifh#Ec(k.

823 - ““expected_radius”: FE[RIFEEE

824 TEURY MEC f4R1(q@) + A - BET . A=5 W5 LWJLT[4 (8604 s)

825 A AR/NE (0.05) {HIREE T, AEELEEH (9740 s) —A

826 "B E R L G (E SR

827 - “visibility "~ (JHOfR) : HAfL ~prob_detect/(Fzh+6) -, & mE ik
828 [J—AMEARBEE P T (ST 9225 s JRfr 125.6 1K) o

829 e
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830 joint = self.joint.get(channel)

831 if joint is None or joint.is_absent():

832 return None

833 position = self.client.state.position

834 service_s = self.config.cost.measure_s + self.config.cost.switch_s
835 candidates = self._probe_candidates(region, channel)

836 if not candidates:

837 return None

838 mode = self.config.search.probe_score_mode

839 if mode == "visibility":

840 best_point, best_score = None, None

841 for point in candidates:

842 probability = joint.prob_detect(point)

843 if probability <= 0.0:

844 continue

845 score = —(probability / (move_time(position, point, self.config.cost)
846 + service_s))

847 if best_score is None or score < best_score:

848 best_point, best_score = point, score

849 if best_point is not None:

850 self.visibility_probes += 1

851 return best_point

852 scored = [(joint.prob_detect(point), point) for point in candidates]
853 peak = max(probability for probability, _ in scored)

854 ratio = self.config.search.probe_visibility_ratio

855 keep = [point for probability, point in scored

856 if probability >= ratio * peak] or [point for _, point in scored]
857 center = region.mec() [0]

858 weight = self.config.search.probe_lambda_move_s

859

860 def approach_cost(point: Vec2) -> float:

861 return (move_time(position, point, self.config.cost)

862 + move_time(point, center, self.config.cost) + service_s)
863

864 if mode == '"nearest_visible":

865 # A RKEHEREIIN argmin CIGHN: EER W LR B EREA",
866 # BRGNS EE— IO EERETE AR5 -3 ) .

867 best = min(keep, key=lambda point: (approach_cost(point), point))
868 self.visibility_probes += 1

869 return best

870 best = min(keep, key=lambda point: (

871 joint.expected_posterior_radius(point) + weight * approach_cost(point),
872 point))

873 self.visibility_probes += 1

874 return best

875

876

877

878 def _next_probe(self, region: CandidateRegion, channel: int) -> Vec2:
879 n g T NIRRT T (TR

880

881 - AR#HHEPY . worst-posterior #ERigE (FRIEFEILELN)

882 - 1 RHERS: X MEC [RLOIOSERTT I, R ORI RIS

883 - ZJat GE MEC [EL AR = p BIEME. 7L H E BB AR

884 IR +45°0 JUTA SN SLpRR . B ER A T A——

885 BT L (lg-cl = p) HEIRESMIL, W IRLALRL A

886 P, SRR Dl et B 7 SR Sl A AR

887 AN RN B A P ORI s SR TR S A S i R

888 e

889 visibility = self._visibility_probe(region, channel)

890 if visibility is not None:

891 return visibility

892 blocked = self.blocked_probes.get(channel, [])

893 center, radius = region.mec()

894 if not blocked:

895 return select_measurement_point(region, self.client.state.position,
896 self.config) .position

897 safe = safe_disk_radius(region, self.config)

898 first = blocked[0]

899 if len(blocked) == 1 and safe >= O:
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def

def

dx, dy = center[0] - first[0], center[1] - first[1]
norm = math.hypot(dx, dy)
if norm <= 1le-9:
# EABOEROSIATERLG: FIEEAZE, B wx Bl
return (center[0] + safe, center[1])
scale = min(1.0, safe / norm)
# WHTH, WK = min(norm, safe): [RlURIHR S HMEALHA IS
return (center[0] + dx * scale, center[1] + dy * scale)
base = math.atan2(first[1] - center[1], first[0] - center[0])
azimuth = base + math.radians(45.0 * (len(blocked) - 1))
return (center[0] + radius * math.cos(azimuth),
center[1] + radius * math.sin(azimuth))

_fallback_clear(self, channel: int, region: CandidateRegion) -> bool:
nERSE AT S A e SR B R BB AR T R ORISR R o e
search, session = self.config.search, self.config.session
width = max(p[0] for p in region.polygon) - min(p[0] for p in region.polygon)
height = max(p[1] for p in region.polygon) - min(p[1] for p in region.polygon)
cells = fallback_clear_cells(region.polygon, self.config)
entry = {"channel": channel, "cells": len(cells),
"bound": fallback_cell_bound(width, height, self.config),
"posterior_radius_m": round(region.mec()[1], 3)}
self.fallback_log.append(entry)
if len(cells) > search.fallback_max_cells:
# TGRS WA A BEEMs. MR [Fhisal.
entry["outcome"] = "skipped_cell_cap"
self._anomaly("fallback_cell_cap_exceeded", channel,
cells=len(cells), cap=search.fallback_max_cells)

return False
# PSSP N OUGER < ERE SO + BHARR, AREAED.
remaining = self.client.real_remaining_s
if remaining is None or len(cells) * session.real_rtt_p95_s \
+ session.reserve_exit_s > remaining:
entry["outcome"] = "skipped_budget"
return False
attempts = 0
order = self._fallback_order(cells)
for cell in order:
if self._virtual_cap_reached():
entry["outcome"] = "skipped_virtual_budget"
entry["attempts"] = attempts
return False
attempts += 1
outcome = self.client.clear(cell, channel)
if outcome.result == CLEAR_SUCCESS:
self.belief.mark_cleared(channel)
self.cleared.append(channel)
entry["outcome"] = "cleared"
entry["attempts"] = attempts
return True
# R ERTASENE, BOERANE R <= 10%sqrt(2) < 20m: 27
# RO SFIEVERAT R He S IR, AR N Bk
entry["outcome"] = "exhausted"
entry["attempts"] = attempts
self._anomaly("fallback_exhausted_without_success", channel,
cells=len(cells))
return False

_fallback_order(self, cells: list[Vec2]) -> list[Vec2]:
"SRG BRIEARR BT R SRATR + 2-opt (W[EE Or-opt) MUk,

A5 4F 5 EH  min(remaining, key=dist) ", Z{FHRITLTIFMEAE
(MR 1.2 -1.3 ) HEREH 0. KR —RIERMSOHF
(D3) , {CMRMB SRR HWEAE, HoestErE.
if not cells:
return []
if not self.config.search.fallback_optimize_tour or len(cells) < 4:
position = self.client.state.position
remaining = list(cells)
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994

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
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1016
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1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032

order: list[Vec2] = []

while remaining:
nxt = min(remaining, key=lambda c: (math.dist(position, c), c))
remaining.remove (nxt)
order.append (nxt)
position = nxt

return order

return improve_open_path([tuple(c) for c in cells],
self.client.state.position)

_summary (self, info) -> dict:
report = super()._summary(info)
report["directional _observed_channels"] = list(self.directional_observed)
report["fallback_clears"] = self.fallback_log
# Ja%r /clear HERIFANRIER IR, NGRS ARM I LFER] o
report["fallback_clear_attempts"] = sum(

entry.get("attempts", 0) for entry in self.fallback_log)
report["visibility_probes"] = self.visibility_probes
report["joint_absent_channels"] = list(self.joint_absent_channels)
report["joint_final"] = {str(channel): belief.summary()

for channel, belief in sorted(self.joint.items())}

return report

def fallback_cell_bound(width_m: float, height_m: float,

config: ProblemConfig = ProblemConfig()) -> int:

w SMIERBOS RS LR ([w/cel1]+2) ([h/cell]+2) (Hilsa HLEEKE) o "o
cell
return (math.ceil(width_m / cell) + 2) * (math.ceil(height_m / cell) + 2)

= config.search.fallback_clear_grid_m

def fallback_clear_cells(polygon: list[Vec2],

config: ProblemConfig = ProblemConfig()) -> list[Vec2]:

" REAMISATE <=20m AIRBIEEECIIR (P5 EHEIR) -

I 20m Wkg RG] ZUBS5E TSRS IERZE (T L)
2N FHEAEAR L LI B INAR O TR A A A R S BE A O

<= 10*sqrt(2) < 20m, Zif /clear E/L—KfH. FIFKEH /clear
GRS ES Sei%) fallback_cell_bound, WP AHRZMEEH .

if not polygon:

cell
Xs =

ys

return []

= config.search.fallback_clear_grid m
[p[0] for p in polygon]

[p[1] for p in polygon]

i0, il = math.floor(min(xs) / cell), math.floor(max(xs) / cell)
jO, j1 = math.floor(min(ys) / cell), math.floor(max(ys) / cell)
eps = le-9

centers: list[Vec2] = []

for i in range(iO, il + 1):

for j in range(jO, jl1 + 1):
clipped = list(polygon)
for a, b, ¢ in ((1.0, 0.0, (i + 1) * cell + eps),

(-1.0, 0.0, -(i * cell - eps)),

(0.0, 1.0, (j + 1) * cell + eps),

(0.0, -1.0, -(j * cell - eps))):
clipped = clip_halfplane(clipped, a, b, c, tol=eps)
if not clipped:

break
if clipped:
centers.append(((i + 0.5) * cell, (j + 0.5) * cell))

return centers

src/mcm26b/planner/bayes_loop.py

1
2
3

"wvpab DUHIRSIEIIATE (FAESHSNE bayes )

4

fE£ :class: Omnidirectionalloop™ HZ%2 (run/RF¥E/summary/HiE/ 74 HIK)

84



53
54
55
56
57
58
59
60
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62
63
64
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66
67
68
69
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71
72
73

L= )2EHR), X docs/algo-3-bayes.md FHZEH:

1. BB BE— P MIgEGFE (particles.ChannelParticles) , 4x#fisdl
(% no_signal FM) BUIFBERr: SR has BUEREIER, BT S E mkA,

2. PR ZB—ESIER—uim . EOLE. BER=RAES A TS %,
R EGEAE + 2-opt HEF, AT MESRIEHE (& TSP)

3. HEAE: EMWESTEIEEE (MHiEf) 8 PF MEC #R%EIF (FEfRES)
NIZ" I log EFEALL + A - BB E " IFsr (5 EHaET00) o

534k SevenBatch AUZESE: FUULMNBREG/ BRI (s no_signal M) (3f,#iE) Xt
ATHFEA I S5 H05) « PF BRI IERHIETTIESE . 2 RMTS HE PR vl N e 4
THRRAEBAR LN EB R (PF RS IE LR SO0 02 1 (o 52 17 45 0 B I 4 i
k), FFEIIL Voronoi/{RSFHS R, A4 EER,

from __future__ import annotations

import math
from dataclasses import dataclass

from ..belief import CandidateRegion, ChannelStatus

from ..config import ProblemConfig, Vec2

from ..coverage import CoverageLedger

from ..particles import ChannelParticles, as_sample_array

from ..protocol.client import SimulatorClient

from ..protocol.rules import DIRECTION, NEAR, NO_SIGNAL

from ..protocol.timing import move_time

from . import (ClearCertificate, OmnidirectionalLoop, clear_certificate,
candidate_points, safe_disk_radius, select_measurement_point)

from .seven import validate_seven_coverage

from ..guarantee import seven_plan

@dataclass(frozen=True)
class Task:

"G AR HM T, service_s WA GHEMEAREN (Rl+BO/ M) o

kind: str # "station" | "locate" | "clear"
position: Vec2

service_s: float

channel: int | None = None

station_index: int | None = None

station_channels: tuple[int, ...] = O

def _point_key(point: Vec2) -> tuplel[int, int]:
PG AR 0.5m ARNCKE (YRR o v
return (int(round(point[0] * 2)), int(round(point[1] * 2)))

class BayesLoop(OmnidirectionalLoop):
RS DU AT ER s SO + F BAR IR A + RS HEE .

def __init__(self, client: SimulatorClient,
config: ProblemConfig = ProblemConfig()):

super () .__init__(client, config)
validate_seven_coverage(config.bayes.station_ring_radius_m, config)
self.coverage_plan = seven_plan(config.bayes.station_ring_radius_m)
self.ledger = CoverageLedger(

config, points=list(self.coverage_plan.points))
self.particles = {channel: ChannelParticles(config)

for channel in self.belief.channels}

self._measured_points: dict[int, set[tuplelint, int]]] = {}
self._clear_failed: set[int] = set() # JIE A5 T BRI 2005 A I 7 2
self._stall: dict[int, int] = {} # ESTOARTHE (R RRIRA)
self._skip_cache: dict[tuple[int, int], tuplelint, booll]l = {}
self.skipped_measures = 0 # BRI A A e DU 5L
self.no_shrink_measures = 0 # KUY EEER ENARN G2WH)

self.pf_absent_channels: list[int] = [1 # [EfadE oS bl e
self.opportunistic_measures = 0
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75 B oo FEIEA
76 def _coverage_phase(self) -> None:

7 GRS IRIR: KB+ SENL + WS, HEUES .

78 while self.stop_reason is None:

79 if self._count_limit_reached() or self._virtual_cap_reached():
80 return

81 if not self._step_once():

82 return

83

84 def _step_once(self) -> bool:

85 RS R HEF BT E RS A BTSSR False, "M

86 if self.config.bayes.opportunistic_measure:

87 self._measure_at_stop()

88 tasks = self._build_tasks()

89 if not tasks:

90 return False

91 tasks = self._refine_locate_tasks(tasks)

92 order = self._order_tasks(tasks)

93 self._execute_task(order[0])

94 return True

95

96 def _measure_at_stop(self) -> None:

97 m R AR AL EANE ST 0L PR BRI, iEA5 ) SE R A

98

99 SN ARTEAL I A58 935S i HL ORI B B T 2 ) © R B

100 BHE W Hlmeasure, il L SFRT IR 128 ATER SR

101 SEERES ORIEAGE F TAE =0, AR TR .

102 e

103 point = self.client.state.position

104 channels = self.belief.channels_by_status(ChannelStatus.DETECTED)
105 channels.sort(key=lambda c: (c != self.client.state.channel, c))
106 for channel in channels:

107 if self._virtual_cap_reached():

108 return

109 if _point_key(point) in self._measured_points.get(channel, set()):
110 continue

111 cert = self._best_certificate(channel)

112 if cert is not None and cert.certified:

113 continue

114 region = self.belief.candidate_set(channel)

115 farthest = max(math.dist(point, v) for v in region.polygon)
116 if farthest > self.config.field.r_eff min_m - le-3:

117 continue

118 radius = region.mec() [1]

119 vertices = region.polygon

120 stride = max(1, len(vertices) // self.config.bayes.mc_representatives)
121 radii = []

122 delta = (self.config.field.bearing_error_half_deg

123 + self.config.search.bearing rounding margin_deg)
124 for target in vertices[::stridel:

125 theta = math.degrees(math.atan2(target[1]-point[1], target[0]-point[0]))
126 probe = CandidateRegion(list(vertices), region.slack_m)
127 probe.clip_wedge(point, theta, delta)

128 radii.append(probe.mec() [1] if probe.polygon else radius)
129 if sum(radii) / len(radii) > radius * self.config.bayes.opportunistic_radius_ratio:
130 continue

131 outcome = self.client.measure(point, channel)

132 self._record_measure(channel, point, outcome)

133 self. _may_clear.add(channel)

134 self.opportunistic_measures += 1

135

136 B oo gl
137 def _station_pending(self, index: int) -> list[int]:

138 won gl AR IARE 0 UNKNOWN. At JE"0h no_signal® HACIERRME, "
139 point = self.ledger.points[index]

140 pending = []

141 for channel, belief in self.belief.channels.items():

142 if belief.status is not ChannelStatus.UNKNOWN:

143 continue
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177
178
179
180
181
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212
213

if self.ledger.measured_at(channel, index):
continue

if self._skip_station_channel(channel, index, point):
continue

pending.append (channel)

return pending

def _fused_channels_at(self, index: int) -> list[int]:
m SR EIRE = K& P (UNKNOWN) + T FAH K 5E i (DETECTED) .

PO-1: JUEMIF N S E . sl E A AT (F% §1.3 F11)
99.28% MIIENIER >2 MNGTE r_eff_max=1500m P, HMEsga ML

122.

9°. 5 Jifii 58.5°. A" MBI — 4 Iy ik Rk 46 K 2 BT o

CAHIESH. BFfEm— 0.6m MGME. Bi%mi no_signal MISEBE .

SEiZE e (2026-09-12, “output/suite/q3-fuse-abk ™) : AALH] AR Fx*
LI Bl AR 2 -3 DURENE IR A RO AL, MR
HREE] 20m GEF, % HE BIEGRIR A IR Ak I 4 T
PHLZAEL 11 Qi (+0.8%) . FHIFNHDH% HHR G +45.6% (20/20
YiscEg) o BAKH, REAELMEE IS 5

point = self.ledger.points[index]

channels = self._station_pending(index)

selected = set(channels)

if not self.config.bayes.fuse_localize_into_tour:

for

return channels

channel in self.belief.channels_by_status(ChannelStatus.DETECTED) :

if channel in selected or self.ledger.measured_at(channel, index):
continue

if _point_key(point) in self._measured_points.get(channel, set()):
continue

cert = self._best_certificate(channel)

if cert is not None and cert.certified:

continue # OHIED: ZAERES, AEZN
if self._skip_station_channel(channel, index, point):
continue # SEfFHHEYE 1500m Ab: %S no_signal

channels.append(channel)
selected.add(channel)

return channels

def _skip_station_channel(self, channel: int, index: int, point: Vec2) -> bool:

"M (B pfoversion ZBfF: EAIHMIBICE . HIEHM) o

pf =

self.particles[channel]

if not pf:

return True

cached = self._skip_cache.get((channel, index))
if cached is not None and cached[0] == pf.version:

return cached[1]

value = pf.guaranteed_no_signal(point)
self._skip_cache[(channel, index)] = (pf.version, value)

return value

def _build_tasks(self) -> list[Task]:
tasks: list[Task] = []

for

for

index, point in enumerate(self.ledger.points):
pending = self._fused_channels_at (index)
if not pending:
continue
switches = len(pending) - (1 if self.client.state.channel in pending else 0)
tasks.append(Task("station", tuple(point),
self.config.cost.measure_s * len(pending)
+ self.config.cost.switch_s * max(switches, 0),
station_index=index, station_channels=tuple(pending)))
channel in self.belief.channels_by_status(ChannelStatus.DETECTED):
cert = self._best_certificate(channel)
if cert is not None and cert.certified \
and channel not in self._clear_failed:
tasks.append(Task("clear", cert.center,
self.config.cost.clear_success_s,
channel=channel))
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214 continue

215 if self._defer_to_station(channel):

216 continue # R 507 LR T R A 25 I R A
217 point = self._select_point(channel)

218 if point is None:

219 continue

220 tasks.append(Task("locate", point,

221 self.config.cost.measure_s + self.config.cost.switch_s,
222 channel=channel))

223 return tasks

224

225 def _defer_to_station(self, channel: int) -> bool:

226 " Z I R AT R AR R s R PR R — S ik

227

228 PO-1 [R5GHE: (A TENRS SOWEH I &2 B O AU 2 Al— Uk i)

229 D) I ) TR A 55 %+, A VR BIHE AT 25t 2 6 i B 3 A 4 o
230 P R Z AR A UNKNOWN OB Rl GBS sz k) | B
231 N T EE ST RIS RTN ST, WA I TofE55 AT I 5L 1 -

232 UWiniid56)/R " _station_pending " A%, LS HRIKE.

233 e

234 if not self.config.bayes.fuse_localize_into_tour:

235 return False

236 for index, point in enumerate(self.ledger.points):

237 if not self._station_pending(index):

238 continue

239 if self.ledger.measured_at(channel, index):

240 continue

241 if _point_key(point) in self._measured_points.get(channel, set()):
242 continue

243 if self._skip_station_channel(channel, index, point):

244 continue

245 return True

246 return False

247

248 B E5HF
249 def _order_tasks(self, tasks: list[Task]) -> list[Task]:

250 SRR AR MBS RITKS T DP, IR + 2-opt.

251

252 Held-Karp (S5/T1) {lI"CUjMIEA x AN FEIGE JF RS . H UL
253 M RAE TR, T A% :meth:  _path_cost™ H"HHEHET M5OI
254 e

255 if len(tasks) <= 2:

256 ordered = sorted(tasks, key=lambda t: (

257 move_time(self.client.state.position, t.position, self.config.cost),
258 t.kind, t.channel or 0))

259 return min((ordered, ordered[::-1]), key=self._path_cost)
260 limit = self.config.bayes.exact_order_limit

261 if 0 < 1limit and len(tasks) <= limit:

262 exact = self._exact_order(tasks)

263 if exact is not None:

264 return exact

265 order = self._nearest_order(tasks)

266 if not self.config.bayes.two_opt_enabled:

267 return order

268 return self._two_opt(order)

269

270 def _service_and_exit(self, task: Task,

271 channel: int) -> tuple([float, int]:

272 nOTSCFERE NSRE Cchannel ™ A [E A RE RS 5 B IS I A E . e
273 cost = self.config.cost

274 if task.kind == "locate":

275 return (cost.measure_s + (cost.switch_s if channel != task.channel else 0.0),
276 task.channel)

277 if task.kind == "station" and task.station_channels:

278 pending = sorted(task.station_channels,

279 key=lambda c: (c != channel, c))

280 switches = len(pending) - (1 if channel in pending else 0)
281 return (cost.measure_s * len(pending) + cost.switch_s * switches,
282 pending[-11)

283 return task.service_s, channel
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284

285 def _exact_order(self, tasks: list[Task]) -> list[Task] | None:

286 """Held-Karp FEMfJFiHR GESEE. ZSEH, SRE) .

287

288 ME T (mask, o) = CIWRNESE mask. EHFRGE—MESFIGER c;
289 PFUBEBUEIR A E CYRTHIEY U {locate i} U {station EFF 4K}
290 FAE ~"2°n-n - |Cl°7; n #fid :attr: BayesConfig.exact_order_limit™ HJH
291 W IEERIE 40 &I " "None™ ™ FomRASE A (BifHE) -

292 e

293 n = len(tasks)

294 if n <= 1:

295 return list(tasks)

296 start = self.client.state.position

297 init = self.client.state.channel

298 channels = {init}

299 for task in tasks:

300 if task.kind == "locate":

301 channels.add(task.channel)

302 elif task.kind == "station" and task.station_channels:

303 # BEHBGE = Y EiER e T R R A R R
304 # JENE N A KA R RORAE, SOp 8 B R RAS A5 ] o
305 ordered = sorted(task.station_channels)

306 channels.add(ordered[-1])

307 if len(ordered) > 1:

308 channels.add(ordered[-2])

309 channels = sorted(channels)

310 width = len(channels)

311 if width * (1 << n) * n > 4_000_000:

312 return None

313 index_of = {channel: i for i, channel in enumerate(channels)}

314 c_init = index_of[init]

315 service: list[list[float]] = []

316 exits: list[list[int]] = []

317 for task in tasks:

318 row_service, row_exit = [1, []

319 for channel in channels:

320 value, exit_channel = self._service_and_exit(task, channel)
321 row_service.append(value)

322 row_exit.append(index_of [exit_channel])

323 service.append (row_service)

324 exits.append(row_exit)

325 move = [[move_time(tasks[i].position, tasks[j].position, self.config.cost)
326 for j in range(n)] for i in range(n)]

327 from_start = [move_time(start, task.position, self.config.cost)
328 for task in tasks]

329 inf = float("inf")

330 # dpl(mask, ci)] = H/MU; parent[(mask, ci)] = (LF— mask, b— ci)
331 dp: dict[tuple[int, int], float] = {}

332 last_task: dict[tuplelint, int], int] = {}

333 parent: dict[tuple[int, int], tuplelint, int] | Nome] = {}

334 for k in range(n):

335 key = (1 << k, exits[k][c_init])

336 value = from_start[k] + servicel[k] [c_init]

337 if value < dp.get(key, inf):

338 dp[key] = value

339 last_task[key] = k

340 parent [key] = None

341 for mask in range(1l, 1 << n):

342 for ci in range(width):

343 state = (mask, ci)

344 cost = dp.get(state)

345 if cost is None:

346 continue

347 for k in range(n):

348 if (mask >> k) & 1:

349 continue

350 nxt = (mask | (1 << k), exits[k][cil)

351 value = cost + move[last_task[state]l][k] + servicelk][ci]
352 if value < dp.get(nxt, inf) - le-12:

353 dp[nxt] = value

&9



354 last_task[nxt] = k

355 parent [nxt] = state

356 full = (1 << n) - 1

357 best_key, best_cost = None, inf

358 for ci in range(width):

359 state = (full, ci)

360 if state in dp and dp[state] < best_cost:

361 best_key, best_cost = state, dplstatel

362 if best_key is None:

363 return None

364 order: list[Task] = []

365 key: tuple[int, int] | None = best_key

366 while key is not None:

367 order.append(tasks[last_task[key]l])

368 key = parent [key]

369 order.reverse()

370 return order

371

372

373

374 def _nearest_order(self, tasks: list[Task]) -> list[Task]:

375 remaining = list(tasks)

376 order = []

377 position = self.client.state.position

378 while remaining:

379 best = min(remaining, key=lambda t: (

380 move_time(position, t.position, self.config.cost),
381 t.kind, t.channel or 0))

382 remaining.remove (best)

383 order.append (best)

384 position = best.position

385 return order

386

387 def _path_cost(self, order: list[Task]) -> float:

388 total = 0.0

389 position = self.client.state.position

390 channel = self.client.state.channel

391 for task in order:

392 total += move_time(position, task.position, self.config.cost)
393 if task.kind == "locate":

394 total += self.config.cost.measure_s

395 total += self.config.cost.switch_s * (channel != task.channel)
396 channel = task.channel

397 elif task.kind == "station" and task.station_channels:
398 pending = sorted(

399 task.station_channels,

400 key=lambda c, channel=channel: (c !'= channel, c))
401 total += self.config.cost.measure_s * len(pending)
402 total += self.config.cost.switch_s * (len(pending) - (channel in pending))
403 channel = pending[-1]

404 else:

405 total += task.service_s # JiF[a AN AR I ) E

406 position = task.position

407 return total

408

409 def _two_opt(self, order: list[Task]) -> list[Task]:

410 best = list(order)

411 best_cost = self._path_cost(best)

412 for _ in range(self.config.bayes.two_opt_passes):

413 improved = False

414 for i in range(len(best) - 1):

415 for j in range(i + 1, len(best)):

416 candidate = best[:i] + best[i:j + 1]1[::-1] + best[j + 1:]
417 cost = self._path_cost(candidate)

418 if cost < best_cost - 1le-6:

419 best, best_cost, improved = candidate, cost, True
420 if not improved:

421 break

422 return best

423
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def

_execute_task(self, task: Task) -> None:

if task.kind == "station":
self._execute_station(task.station_index)
elif task.kind == "clear":

cert = self._best_certificate(task.channel)
if cert is not None and cert.certified:
if not self._attempt_clear(task.channel, cert.center, cert):
self._clear_failed.add(task.channel)
self._may_clear.discard(task.channel)
else:
self._clear_failed.discard(task.channel)
elif task.kind == "locate":
self._execute_locate(task.channel, task.position)

_execute_station(self, index: int) -> None:
m UL AR IAGE  (BRIUELN BT uE) . FSERR R E

PO-1: A [A] B I B BRI REME " 38, (5 /5 = A A MR A Rl
backa ol U9 ST s il = W7 ARVALE L R 1 S YT 20
point = self.ledger.points[index]
pending = self._fused_channels_at (index)
unknown = [c for c, b in self.belief.channels.items()
if b.status is ChannelStatus.UNKNOWN]
self.skipped_measures += len(unknown) - len(
[c for c in pending if self.belief.channelsl[c].status
is ChannelStatus.UNKNOWN])
# MHDEE G, DA [ near FEEEBRAST WM
pending.sort(key=lambda c: (c != self.client.state.channel, c))
for channel in pending:
if self.stop_reason is not None or self._count_limit_reached() \
or self._virtual_cap_reached():
return
detected_before = (self.belief.channels[channel].status
is ChannelStatus.DETECTED)
outcome = self.client.measure(point, channel)
self.ledger.mark_measured(channel, index)
self._record_measure(channel, point, outcome)
if outcome.result in (DIRECTION, NEAR):
self._may_clear.add(channel)
if outcome.result == NEAR:
region = self.belief.candidate_set(channel)
cert = clear_certificate(region, channel, self.config)
if cert.certified:
if self._attempt_clear(channel, point, cert):
self._clear_failed.discard(channel)
else:
self._clear_failed.add(channel)
self. _may_clear.discard(channel)

else:
self._anomaly("near_without_certificate", channel, position=point)
continue
if not detected_before:
continue

if outcome.result == NO_SIGNAL:
# FHGE ORI PRIEBCELN AT iE no_signal, JE<SPIEMERH
region = self.belief.candidate_set(channel)
safe = (safe_disk_radius(region, self.config)
if region is not None else -1.0)
if safe >= 0 and math.dist(point, region.mec()[0]) <= safe:
self._anomaly("no_signal_in_safe_disk“, channel,
position=point)
continue
cert = self._best_certificate(channel)
if cert is not None and cert.certified:
if self._attempt_clear(channel, cert.center, cert):
self._clear_failed.discard(channel)
else:
self._clear_failed.add(channel)
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self. _may_clear.discard(channel)

def _execute_locate(self, channel: int, point: Vec2) -> None:
T E R YT GREINED L SO,
pf = self.particles[channel]
before = len(pf)
outcome = self.client.measure(point, channel)
self._record_measure(channel, point, outcome)
self._may_clear.add(channel)
if outcome.result == NO_SIGNAL:

region = self.belief.candidate_set(channel)

if region is not None and safe_disk_radius(region, self.config) >= 0 \

and math.dist(point, region.mec()[0]) \
<= safe_disk_radius(region, self.config):

self._anomaly("no_signal_in_safe_disk", channel, position=point)

after = len(pf)
cert = self._best_certificate(channel)
if cert is not None and cert.certified:
if self._attempt_clear(channel, cert.center, cert):
self._clear_failed.discard(channel)
self._stall.pop(channel, None)
return
self._clear_failed.add(channel)
self._may_clear.discard(channel)
if after == before:
self._stall[channel] = self._stall.get(channel, 0) + 1
self.no_shrink_measures += 1  # MUBIRSFANIVIRSHIE M, AUk SE #
else:
self._stall[channel] = 0

sttt TGS IEFS
def _record_measure(self, channel: int, position: Vec2, outcome) -> None:
""'belief (NIEFS) 5 PF (SEA74E) WP HH: PF 2 HHEGUE. "
self.belief.update_measure(channel, position, outcome.result,
outcome.svd_deg)
# [Al— 0.5m WM& x F—WGEMEGRN: I E—KEHHESGH 98.84)
# BRI AR S, ATHEURR % RS ] 9855
key = _point_key(position)
seen = self._measured_points.setdefault(channel, set())
if key in seen:
self.redundant_rescan_measures += 1
seen.add (key)
self._clear_failed.discard(channel)  # Jribfiigih: A iFHREEIRTER
belief = self.belief.channels[channel]
if belief.status in (ChannelStatus.CLEARED, ChannelStatus.ABSENT):
return # CUIFYE: IERR/GE A no_signal HEREILE, A PF
pf = self.particles[channel]
pf.apply_measure(position, outcome.result, outcome.svd_deg)
if not pf:
if belief.status is ChannelStatus.UNKNOWN:
self.belief .mark_absent (channel)
self.absence_evidence[channel] = "pf_empty"
if channel not in self.pf_absent_channels:
self .pf_absent_channels.append(channel)
else:

self._anomaly("pf_empty_while_detected", channel, position=position)

self._apply_count_bound()

def _apply_count_bound(self) -> None:
"R TEIE S S B A AL AN, Ay UNKNOWN R A E IR

Al D8] . HiEEL — R 2RRE 10..16 NME. —H

DETECTED/CLEARED [ A[AMEAGAS] 16, LA WK HIA LGS

BUEAA T RE R, oA 7 i AN TE . e SAIETER,

RGBT EGIER ;. evidence 5 coverage/pf_empty 43T IR

present = [channel for channel, belief in self.belief.channels.items()
if belief.status in (ChannelStatus.DETECTED,

ChannelStatus.CLEARED) ]
if len(present) < self.config.field.source_count_max:
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def

def

return
for channel, belief in self.belief.channels.items():
if belief.status is ChannelStatus.UNKNOWN:
belief.status = ChannelStatus.ABSENT
self.absence_evidence[channel] = "count_bound"

_best_certificate(self, channel: int) -> ClearCertificate | None:
meIGERBRSE SORMEZIREE PFSEAAE S SN AR IE A AL
region = self.belief.candidate_set(channel)
cert = clear_certificate(region, channel, self.config) \
if region is not None else None
if cert is not None and cert.certified:
return self._near_clear_target(cert)
if self.config.bayes.grid_cert_enabled:
pf = self.particles[channel]
if len(pf):
center, radius = pf.mec()
limit = (self.config.field.clear_radius_m - pf.margin_m
- self.config.search.clear_margin_m)
if radius <= limit:
return self._near_clear_target(
ClearCertificate(channel, center, radius, limit, True))
return cert

_near_clear target (self, cert: ClearCertificate) -> ClearCertificate:
"R R F20m IR A S A A SRR AR,
position = self.client.state.position
distance = math.dist(position, cert.center)
shift = min(distance, max(0.0, cert.limit_m - cert.radius_m - 1e-6))
if distance <= 1le-9 or shift <= 0:
return cert
target = tuple(c + (p-c)*shift/distance for p, c in zip(position, cert.center))
return ClearCertificate(cert.channel, target, cert.radius_m+shift, cert.limit_m, True)

_probe_context(self, channel: int):
o g AT T — CE L R B S 1 B AR PR R AL
&I " (candidates, info_score, mec_center, current_position) ";
Bk A ZSIR A " "None™ .~ _select_point™ " SRR ARG &L 24k,
TRIEPI & R 22 B s R A 7 57
bayes, search = self.config.bayes, self.config.search
pf = self.particles[channel]
if not pf:
return None
region = self.belief.candidate_set(channel)
center, radius = pf.mec()
measured = self._measured_points.get(channel, set())
position = self.client.state.position
candidates: list[Vec2] = []
safe = safe_disk_radius(region, self.config) if region is not None else -1.0
if region is not None and safe >= O:
# PREEGE (MIEBOR) - TEEEEL 4 direction/near
candidates = candidate_points(tuple(region.mec() [0]), safe,
search.candidate_rings,
search.candidate_angles)
# DLICBRoA 1) 2 FRONIPRAS S A 3 O [ R 4 A1) DA% P T fhv 22
geometric_center = region.mec() [0]
base_angle = math.atan2(position[1] - geometric_center[1],
position[0] - geometric_center[0])
for fraction in search.candidate_rings:
if fraction <= O:
continue
for offset in (-math.pi/3, -math.pi/6, 0, math.pi/6, math.pi/3):
angle = base_angle + offset
candidates.append((geometric_center[0] + safe * fraction * math.cos(angle),
geometric_center[1] + safe * fraction * math.sin(angle)))
# DISSEA BN AR SR 2RI, REB I AEN A 23UMA
# WREG N T I E A LRI AR o

93



634

636
637
638
639
640
641
642
643
644
645
646

648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690

692
693
694
695
696
697
698
699
700
701
702
703

if math.dist(position, geometric_center) <= safe + le-9:
candidates.append(tuple(position))

else:

# FEfjietE: PF MEC IREIN (SOWLINIZIR =217 05 AL &)
for fraction in bayes.wide_rings:
ring = max(radius * fraction, 2.0 * pf.margin_m)
candidates.extend(candidate_points(center, ring, (1.0,),
search.candidate_angles))
candidates.append(tuple(center))
candidates.append(tuple(position))

candidates = [tuple(c) for c in candidates

if _point_key(c) not in measured]

if not candidates:

return None

# KA U AL (numpy THIRS) . HAREE IS E ) BB A

# numpy {RKHS as_sample array JHFFiRIEIZIZE, JEUAZL.

subsample = as_sample_array (pf.subsample(bayes.score_subsample))
stride = max(len(subsample) // bayes.mc_representatives, 1)
representatives = subsample[::stride]

def info_score(q: Vec2) -> float:

if bayes.score_mode == "entropy":
return pf.expected_survival(q, subsample, representatives)
return pf.expected_posterior_radius(q, subsample, representatives)

return candidates, info_score, center, position

def _select_point(self, channel: int) -> Vec2 | None:
meEALIE A IR log ARG EL + X - BB BN,
context = self._probe_context(channel)
if context is None:

return None

candidates, info_score, center, position = context
bayes = self.config.bayes

def score(q: Vec2) -> float:

# — BN R R A e b DU BIAGI A R Bh & R I 58T o

move = bayes.lambda_move_s * (move_time(position, q, self.config.cost)
+ move_time(q, center, self.config.cost))

return info_score(q) + move

return min(candidates, key=lambda q: (score(q), _point_key(q)))

def _refine_locate_tasks(self, tasks: list[Task]) -> list[Task]:
e 2R RS 18 B AT S5 S (P2, 2026-09-12) o

IHPESY H#E ~current->q + q->MEC™ ™, R JRHRHE; VA5 2-opt MRS
ROEEE " q->next_task™ "o XEXEHA locate {LIF7EMILM LITE
BAILAT S5 GBS YR AN IS R, T 5 5 B ER . MEC HERIA I
o PR SR A, AR R/ RIE .

bayes = self.config.bayes

if not bayes.route_aware_probe:

return tasks

locate_indices = [index for index, task in enumerate(tasks)

if task.kind == "locate"]

if not locate_indices:

return tasks

base_order = self._order_tasks(tasks)
base_cost = self._path_cost(base_order)
refined = list(tasks)

for task_index in locate_indices:

task = tasks[task_index]
context = self._probe_context(task.channel)
if context is None:
continue
candidates, info_score, center, position = context
try:
order_index = next(index for index, item in enumerate(base_order)
if item is task)
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704 except StopIlteration: # pragma: no cover - [iX[% W IGEIFIE

705 order_index = next(index for index, item in enumerate(base_order)
706 if item.kind == "locate"

707 and item.channel == task.channel)

708 best_score: float | None = None

709 best_point: Vec2 | None = None

710 for point in candidates:

711 trial_order = list(base_order)

712 trial_order[order_index] = Task(

713 "locate", tuple(point), task.service_s, channel=task.channel)
714 route_delta = self._path_cost(trial_order) - base_cost

715 move_proxy = bayes.lambda_move_s * (

716 move_time(position, point, self.config.cost)

717 + move_time(point, center, self.config.cost))

718 clear_near = move_time(point, center, self.config.cost)

719 value = (info_score(point)

720 + move_proxy

721 + bayes.route_aware_insert_weight * route_delta

722 + bayes.route_aware_clear_weight * clear_near)

723 if best_score is None or value < best_score:

724 best_score, best_point = value, tuple(point)

725 if best_point is not None:

726 refined[task_index] = Task(

727 "locate", best_point, task.service_s, channel=task.channel)
728 return refined

729

730 et TR 5E A
731 def _localize_and_clear(self, channel: int) -> bool:

732 R IEENL TGS (resolve MrBiZe4l) « PF ik, RMGRMiES. """

733 search = self.config.search

734 self._may_clear.add(channel)

735 for _ in range(search.max_localize_steps):

736 if self._virtual_cap_reached():

737 return False

738 cert = self._best_certificate(channel)

739 if cert is not None and cert.certified and channel in self._may_clear:
740 if self._attempt_clear(channel, cert.center, cert):

741 self._clear_failed.discard(channel)

742 return True

743 self._clear_failed.add(channel)

744 self._may_clear.discard(channel)

745 continue

746 point = self._select_point(channel)

747 if point is None:

748 region = self.belief.candidate_set(channel)

749 if region is None:

750 return False

751 point = select_measurement_point(

752 region, self.client.state.position, self.config).position
753 outcome = self.client.measure(point, channel)

754 self._record_measure(channel, point, outcome)

755 self._may_clear.add(channel)

756 if outcome.result == NO_SIGNAL:

757 region = self.belief.candidate_set(channel)

758 if region is not None and safe_disk_radius(region, self.config) >= 0 \
759 and math.dist(point, region.mec()[0]) \

760 <= safe_disk_radius(region, self.config):

761 self._anomaly("no_signal_in_safe_disk“, channel, position=point)
762 cert = self._best_certificate(channel)

763 if cert is not None and cert.certified:

764 if self._attempt_clear(channel, cert.center, cert):

765 self._clear_failed.discard(channel)

766 return True

767 self._clear_failed.add(channel)

768 self._may_clear.discard(channel)

769 return self.belief.channels[channel].status is ChannelStatus.CLEARED
770

771 def _persistent_round(self) -> None:

72 ne T IR A, (A PR (BB ) o

773 measured: set[tuplelint, int]] = set()
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while self.stop_reason is None:
index = self._next_resweep_point (measured)
if index is None:
return
point = self.ledger.points[index]
for channel in self._resweep_channels_at(index, measured):
if self._virtual_cap_reached():
return
measured.add((channel, index))
was_absent = (self.belief.channels[channel].status
is ChannelStatus.ABSENT)
outcome = self.client.measure(point, channel)
self._record_measure(channel, point, outcome)
if was_absent and outcome.result in (DIRECTION, NEAR):
# SR TR IER . SPEMERRIR, ORI E AL .

self._anomaly("absent_detected_on_resweep", channel,
position=point, result=outcome.result)

if outcome.result == DIRECTION:
self._localize_and_clear(channel)

elif outcome.result == NEAR:
cert = self._best_certificate(channel)
if cert is not None and cert.certified:

if not self._attempt_clear(channel, cert.center, cert):

self._clear_failed.add(channel)
else:

self._anomaly("near_without_certificate", channel,

position=point)
if self.stop_reason is not None:
return

def _summary(self, info) -> dict:

report = super()._summary(info)
report["strategy"] = "bayes"
report["opportunistic_measures"] = self.opportunistic_measures
report["skipped_measures"] = self.skipped_measures
report["no_shrink_measures"] = self.no_shrink_measures
report["pf_absent_channels"] = sorted(self.pf_absent_channels)
report["pf_alive_final"] = {

str(channel): len(self.particles[channel])

for channel in sorted(self.particles)

if self.belief.channels[channel].status is ChannelStatus.DETECTED}

return report

src/mcm26b/planner/seven. py

R R e N I Y R N

R M R — —m o e e e e e e
W = S 0 ® 0! h WD = O

nnnp

4 LR R ATIE I ST B + R

M scripts/benchmark_q3_search.py #&FAFEMNFY (A2 B, B

12/1
6 %

A

2 408, Bl 5232s) o B JRS + 24 RING_RADIUS_M If |

oy als BRAEAER. PRI, vl B RS AT

max (r/v3, sqrt(R>+r>-v3Rr)) < 1000m [fHA]

r_eff THI, BUERE LI ED—uikH fiR i AIE BH LR 120
7 ¥4 no_signal (Coverageledger.coverage_complete) .
R

- SevenImmediate: PN BIEF#E N ENFIEHF (A1)

- Se
- Se

from

impo

from

from .
from .
from .

venBatch: AT, e BRGEESE MEC [L.OSRE i AT (A2)
venSweep: ZIHEHE RS (A3) .

__future__ import annotations
rt math

..belief import ChannelStatus
.config import ProblemConfig

.coverage import CoverageLedger
.guarantee import seven_plan
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52

80

from
from

..protocol.rules import NEAR
. import OmnidirectionalLoop, clear_certificate

RING_RADIUS_M = 1200.0 # [LFE] f#HriEH] il docs/algo-3.md §5 5 geometry_check

def

def

seven_points(ring_radius_m: float = RING_RADIUS_M) -> list[tuple[float, float]]:
"R+ TRE 6 B4R LI .
return [(0.0, 0.0)] + [(ring_radius_m * math.cos(k * math.pi / 3),

ring_radius_m * math.sin(k * math.pi / 3)) for k in range(6)]

validate_seven_coverage(ring radius_m: float, config: ProblemConfig) -> float:
" ISAN60° i DX A R R SR B A IR A A i) L 2

Ji 5/ liVoronoi &2 4 Hir /v3,  HARIEL B B3 IX 48245 i o — i
IRPAR I R O<r<=v3RINIX P 11 7 35 4= AR (i
nnn
radius = config.field.omega_radius_m
if not O < ring_radius_m <= math.sqrt(3)*radius:

raise ValueError ("-LuliPfA12 AN i 41 Sk i AT g ")
bound = max(ring_radius_m / math.sqrt(3), math.sqrt(

radius**2 + ring radius_m¥*2 - math.sqrt(3)*radius*ring_radius_m))
if bound > config.field.r_eff min m - 1le-6:

raise ValueError ("Ll Aot it FIbRbl. AAEHEILIEWIATIEL ")
return bound

class SevenImmediate(OmnidirectionalLoop) :

nBRL + SR IRERL RN BRI, (L) o

def __init__(self, client, config: ProblemConfig = ProblemConfig(),
ring_radius_m: float = RING_RADIUS_M):
super () .__init__(client, config)
validate_seven_coverage(ring_radius_m, config)
self.coverage_plan = seven_plan(ring_radius_m)
self.ledger = CoveragelLedger(config=config,
points=list(self.coverage_plan.points))

class SevenBatch(SevenImmediate):

kN S, e R R AL B O T R SR A S (A2 EREE) o
defer_all = False

def _serve_queue(self):
# Each detected channel gets at most one localization call in this pass.
queue = self.belief.channels_by_status(ChannelStatus.DETECTED)
while queue:
¢ = min(queue, key=lambda c: (math.dist(self.client.state.position,
self.belief.candidate_set(c).mec()[0]), c))
queue.remove (c)
self._localize_and_clear(c)
if self._count_limit_reached():
break

def _coverage_phase(self):
while not self._count_limit_reached():
index = self._next_point_index()
if index is None:
return
point = self.ledger.points[index]
pending = self._pending_channels_at (index)
# Keeping the current measuring channel first saves a switch when possible.
pending.sort(key=lambda c: (c != self.client.state.channel, c))
for ¢ in pending:
outcome = self.client.measure(point, c)
self.ledger.mark_measured(c, index)
self.belief.update_measure(c, point, outcome.result, outcome.svd_deg)
if outcome.result == NEAR:
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94 cert = clear_certificate(self.belief.candidate_set(c), c, self.config)

95 # Same-station near clear; do not displace the station scan.
96 if cert.certified:

97 self._attempt_clear(c, point, cert)

98 if self._count_limit_reached():

99 return

100 if not self.defer_all:

101 self._serve_queue()

102

103 def _resolve_detected(self):

104 self._serve_queue()

105 unresolved = [c for c, b in self.belief.channels.items()

106 if b.status not in (ChannelStatus.CLEARED, ChannelStatus.ABSENT)]
107 return "all_resolved" if not unresolved else '"unresolved_channels"

108

109

110 class SevenSweep(SevenBatch) :

111 """Finish discovery at all necessary stations before servicing the queue."""
112

113 defer_all = True

src/mcm26b/protocol/__init__.py

"UUPO/PL PSR B UM THIREAL. CRAHLE & .

1

2

3 from .client import (ActionRejected, ClearOutcome, DeadlineExceeded,

4 ExitInfo, MeasureOutcome, ProtocolError,

5 ProtocolViolation, SimulatorClient)

6 from .log import SessionLog

7 from .state import RobotState, StateError

8 from .timing import CostBreakdown, clear_cost, measure_cost, move_time

9 from .transport import RequestsTransport, Transport, TransportError, TransportResponse
10

11 __all__ = ["ActionRejected", "ClearOutcome", "CostBreakdown", "DeadlineExceeded",
12 "ExitInfo", "MeasureOutcome", "ProtocolError", "ProtocolViolation",

13 "RequestsTransport", "RobotState", "SessionLog", "SimulatorClient",

14 "StateError", "Transport", "TransportError", "TransportResponse",

15 "clear_cost", "measure_cost", "move_time"]

src/mcm26b/protocol/client.py

Lo"vPL BREEZR: BT WA T BLSCHU AR 7 .

2

3 DRCEERLN CREETE] L5 SRy -

4 - PRI request_id; (UERZRIUR Tk " SE A A S 1
5 SR request_id SRR —— AR@L — R bytes JFRFEE R IRIIE:
6 - WK HTTP JIRASY accepted; accepted=false ANHEFRIRZS,

7 H virtual_time_s=0 ASY44E Y457 R %1

8 - BN ARIFE: ARTERFAY, —ADIERRALET

9 - HISLHIET /enter WiJV [ remaining real_duration_s FE37AHIEAEIN &,
10 PR AR Jexit MUPALLE.

11 e

12

13 from __future__ import annotations

14

15 import json

16 import math

17 import uuid

18 from dataclasses import dataclass

19 from time import monotonic, sleep

20

21 from ..config import ProblemConfig, Vec2

22 from .log import SessionLog

23 from .rules import (CLEAR_RESULTS, DIRECTION, EXIT_USER, MEASURE_RESULTS,
24 POSITION_FIELDS, STATUS_OK, STATUS_RETRYABLE)

25 from .state import RobotState

26 from .timing import CostBreakdown

27 from .transport import RequestsTransport, Transport, TransportError
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28

29

30 class ProtocolError (RuntimeError):

31 C R, & HTTP RIS S M BIAASERK (FaEtEsis) o
32

33 def __init__(self, message: str, status: int | None = None, body=None):
34 super () . __init__(message)

35 self.status = status

36 self.body = body

37

38

39 class ActionRejected(ProtocolError):

40 "WWHTTP 200 {H accepted=false: ZfERARL, REAHHEH, """
41

42 def __init__(self, message: str, body=None):

43 super () .__init__(message, status=STATUS_OK, body=body)
44

45

46 class ProtocolViolation(ProtocolError):

47 m B S A AR (FBA e AR BRI % R EE) o e
48

49

50 class DeadlineExceeded(RuntimeError):

51 mPLSETREEAN R - B R AR S AR N AT TR .

52

53

54 @dataclass(frozen=True)
55 class MeasureQutcome:

56 result: str

57 svd_deg: float | None

58 virtual_time_s: float

59 predicted: CostBreakdown
60 raw: dict

61

62

63 @dataclass(frozen=True)
64 class ClearQutcome:

65 result: str

66 virtual_time_s: float

67 predicted: CostBreakdown
68 raw: dict

69

70

71 @dataclass(frozen=True)
72 class ExitInfo:

73 reason: str

74 virtual_time_s: float

75 raw: dict

76

77

78 def _validate_identifier(name: str, value: str, max_bytes: int) -> None:
79 if not isinstance(value, str) or not value:

80 raise ValueError (f"{name} W/ jEiFas FAFEE")

81 encoded = value.encode("utf-8")

82 if not 1 <= len(encoded) <= max_bytes:

83 raise ValueError(f'"{name} [j UTF-8 {FE4i{E 1..{max_bytes} FTi")
84 if any(code < 0x20 or code == O0x7F for code in encoded):

85 raise ValueError (f'"{name} NHEALEHEHIF4F")

86

87

88 def _validate_position(position: dict, limit: float) -> None:

89 if set(position) '= set (POSITION_FIELDS):

90 raise ValueError("position FRulbiE HIAERE v v")

91 for key in ("x", "y"):

92 value = positionl[key]

93 if isinstance(value, bool) or not isinstance(value, (int, float)):
94 raise ValueError(f'position.{key} WL E40{E")

95 if not math.isfinite(value):

9 raise ValueError (f"position.{key} WAZIEAT FRELIE™)

97 if abs(value) > limit:
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98

99
100
101
102
103
104

106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
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129
130
131
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134
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136
137
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140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167

raise ValueError(f'"position.{key} ZX[{HAfHiLL {limit} k")

def _validate_channel(channel) -> int:

# 5

Ji JSON number 1.0 HISAHEAMEZ DUMI: 1.5 4.

if isinstance(channel, bool) or not isinstance(channel, (int, float)):

raise ValueError ("channel WAZi2%0{H")

if isinstance(channel, float) and not channel.is_integer():

raise ValueError("channel AZj-24%0")

channel = int(channel)
if not 1 <= channel <= 20:

raise ValueError("channel JAZ5{E 1..20 JufEIN"™)

return channel

class SimulatorClient:
" AR AT % . R HUE accepted=true . "M

def

def

__init__(self, robot_id: str, *,
config: ProblemConfig = ProblemConfig(),
transport: Transport | None = None,
log: SessionLog | None = None,
clock=monotonic) :
_validate_identifier("robot_id", robot_id, config.session.robot_id_max_bytes)
self.robot_id = robot_id
self.config = config
self.session = config.session
self.transport = transport if transport is not None else RequestsTransport()
self.log = log if log is not None else SessionLog()
self.clock = clock
self.state = RobotState()
self._prefix = uuid.uuid4() .hex[:12]
self._seq = 0
self._deadline: float | None = None # ZR b R I b
self._server_deadline_ms: float | None = Nome # %45 #sii)|u) ik 2s A% %f
self._enter_monotonic: float | None = None # SZHLIFIHE S (/enter JIN)

—————————————————————————————————————————————————————————— AHLFIE APT
enter(self) -> dict:
started = self.clock()
payload = self._payload("/enter")
response = self._call("/enter", payload)
self.state.apply_enter (response)
remaining = response['remaining real_duration_s"]
if not isinstance(remaining, (int, float)) or remaining < O:
raise ProtocolViolation("remaining real duration_s fil4kafdE#:", body=response)
self._deadline = self.clock() + remaining
self._server_deadline_ms = (response['"real_ timestamp_ms"]
+ remaining * 1000.0)
self._enter_monotonic = self.clock()
self._log_step("/enter", payload, response, started,
predicted=CostBreakdown(0.0, 0.0, 0.0))
return response

measure(self, position: Vec2, channel: int) -> MeasureOutcome:
started = self.clock()
payload = self._payload("/measure", position=position, channel=channel)
response = self._call("/measure", payload)
predicted = self.state.apply_measure(payload, response,
cost=self.config.cost)

result = response.get("measure_result")
if result not in MEASURE_RESULTS:

raise ProtocolViolation(f'"measure_result JfiE: {result!r}", body=response)
svd = response.get("svd_deg")
if result == DIRECTION:

if not isinstance(svd, (int, float)) or isinstance(svd, bool):

raise ProtocolViolation("direction Wil fil/4i{f svd_deg", body=response)
self._log_step("/measure", payload, response, started, result=result,
predicted=predicted, channel=payload["channel"])

return MeasureOutcome(result, float(svd) if svd is not None else None,
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168 response["virtual_time_s"], predicted, response)
169

170 def clear(self, position: Vec2, channel: int) -> ClearOutcome:

171 started = self.clock()

172 payload = self._payload("/clear", position=position, channel=channel)
173 response = self._call("/clear", payload)

174 predicted = self.state.apply_clear(payload, response,

175 cost=self.config.cost)

176 result = response.get("clear_result")

177 if result not in CLEAR_RESULTS:

178 raise ProtocolViolation(f"clear_result Jf{k: {result!r}", body=response)
179 self._log_step("/clear", payload, response, started, result=result,

180 predicted=predicted, channel=payload["channel"])

181 return ClearOutcome(result, response["virtual_time_s"], predicted, response)
182

183 def exit(self) -> ExitInfo:

184 started = self.clock()

185 payload = self._payload("/exit")

186 response = self._call("/exit", payload)

187 self.state.apply_exit (response)

188 reason = response.get("exit_reason")

189 if reason != EXIT_USER:

190 raise ProtocolViolation(f"exit_reason Jfj:: {reason!r}", body=response)
191 self._log_step("/exit", payload, response, started,

192 predicted=CostBreakdown(0.0, 0.0, 0.0))

193 return ExitInfo(reason, response["virtual_time_s"], response)

194

195 B TG
196 @property

197 def real_remaining _s(self) -> float | None:

198 v A B ORI (R enter B Nome) o v

199 return None if self._deadline is None else self._deadline - self.clock()
200

201 def _log_step(self, path: str, payload: dict, respomnse: dict,

202 started: float, *, result: str | None = None,

203 predicted: CostBreakdown, channel: int | None = None) -> None:
204 mn g R I R D e 2026-09-111 0 SIHUSAIEEIS + HLIERAAEIN 43 I

205 (Ba=HZE /5. PIE 1s. K 5s. iERRET) bs/HREI 3s)

206

207 step FH A response ¥, AR action_events / AN ZIE H.

208 e

209 now = self.clock()

210 entry: dict = {"event": "step", "path": path,

211 "request_id": payload["request_id"],

212 "real_elapsed_s": round(now - started, 6),

213 "virtual_time_s": response["virtual time_s"],

214 "virtual_cost": {"move_s": round(predicted.move_s, 6),
215 "switch_s": round(predicted.switch_s, 6),
216 "action_s": round(predicted.action_s, 6),
217 "total_s": round(predicted.total_s, 6)}}
218 if self._enter_monotonic is not None:

219 entry["real_since_enter_s"] = round(now - self._enter_monotonic, 6)
220 if "position" in payload:

221 entry["position"] = {"x": payload["position"]["x"],

222 "y": payload["position"]["y"]}

223 if channel is not None:

224 entry["channel"] = channel

225 if result is not None:

226 entry["result"] = result

227 self.log.append(entry)

228

229 def _check_budget(self, path: str) -> None:

230 if path == "/exit" or self._deadline is None:

231 return

232 margin = self.session.reserve_exit_s

233 if self.real_remaining s <= margin:

234 raise DeadlineExceeded(

235 R RPSLRS ) {self.real_remaining_s:.1f}s FNEDUTIYE {margin:.1f}s BHEE")
236

237 B oo PERHIL



238 def _payload(self, _path: str, *, position: Vec2 | None = None,

239 channel: int | None = None) -> dict:

240 payload = {"arena_id": self.session.arena_id,

241 "robot_id": self.robot_id,

242 "request_id": self._next_request_id()}

243 if position is not None:

244 x, y = float(position[0]), float(position[1])

245 _validate_position({"x": x, "y": y}, self.config.field.coord_abs_limit_m)
246 payload["position"] = {"x": x, "y": y}

247 if channel is not None:

248 payload["channel"] = _validate_channel(channel)

249 return payload

250

251 def _next_request_id(self) -> str:

252 self._seq += 1

253 request_id = f"{self._prefix}-{self._seq:04d}"

254 _validate_identifier("request_id", request_id,

255 self.session.request_id_max_bytes)

256 return request_id

257

258 def _call(self, path: str, payload: dict) -> dict:

259 "ERATIAT A RIS SRIGRAEE A, HTTP A PEERR S B .
260 self._check_budget (path)

261 body = json.dumps(payload, ensure_ascii=False, allow_nan=False).encode("utf-8")
262 if len(body) > self.session.request_body_max_bytes:

263 raise ValueError ("jf=Rif#if 65536 F17")

264 headers = {"Content-Type": "application/json"}

265 url = self.session.base_url + path

266 attempts, last_error = O, None

267 while attempts < self.session.max_attempts:

268 attempts += 1

269 started = self.clock()

270 self.log.append({"event": "attempt", "path": path,

271 "request_id": payload["request_id"],

272 "attempt": attempts, "request": payloadl})

273 try:

274 result = self.transport.post(

275 url, body, headers,

276 timeout=(self.session.connect_timeout_s,

277 self.session.read_timeout_s))

278 except TransportError as exc:

279 last_error = exc

280 self.log.append({"event": "transport_error", "path": path,
281 "request_id": payload["request_id"],

282 "attempt": attempts, "error": str(exc),
283 "elapsed_s": self.clock() - started})

284 if attempts < self.session.max_attempts:

285 sleep(self.session.retry_backoff_s * (2 ** (attempts - 1)))
286 continue

287 if result.status in STATUS_RETRYABLE:

288 self.log.append({"event": "retryable_status", "path": path,
289 "request_id": payload["request_id"],

290 "attempt": attempts, "status": result.status})
291 if attempts < self.session.max_attempts:

292 sleep(self.session.retry_backoff_s * (2 *x (attempts - 1)))
293 continue

294 if result.status != STATUS_OK:

295 raise ProtocolError(

296 f"{path} |1 HTTP {result.status}", status=result.status,
297 body=self._safe_json(result.body))

298 response = self._safe_json(result.body)

299 if response is None or response.get("accepted") is not True:
300 raise ActionRejected(

301 f'"{path} AH;#%%: {response}", body=response)

302 self._verify_clock(response)

303 self.log.append({"event": "accepted", "path": path,

304 "request_id": payload["request_id"],

305 "request": payload, "response': response,

306 "attempts": attempts,

307 "elapsed_s": self.clock() - started})
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310
311
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314
315
316
317
318
319
320
321
322
323
324
325
326

328
329
330
331
332
333

return response

raise TransportError(

f'{path} Hif {attempts} KAjJNi: {last_error}") from last_error

def _verify_clock(self, response: dict) -> None:
""accepted=true LI ZIAEAIIAIE; LS [RIEH TELAs .
virtual = response.get("virtual_time_s")
if not isinstance(virtual, (int, float)) or isinstance(virtual, bool):

raise ProtocolViolation("accepted i fl/l> virtual_time_s", body=response)

if virtual < self.state.virtual_time_s - 1e-9:

raise ProtocolViolation(
BRI Z| AR : {self.state.virtual_time_s} -> {virtuall}",
body=response)

if self._server_deadline_ms is not None:

drift = (self._server_deadline_ms - response['"real_timestamp_ms"]) / 1000.0
if drift < self.session.reserve_exit_s / 2:
# RS HBMAREE S RIS sE KAL) 5 Uk, Sl 2K,
self.log.append({"event": "server_time_warning",
"server_remaining_s": drift})

@staticmethod
def _safe_json(body: bytes):

try:

return json.loads(body.decode("utf-8"))

except (UnicodeDecodeError, json.JSONDecodeError):

return None

src/mcm26b/protocol/log.py

N - Y I e N S

nn n/\
= ;|_)

BlEs e F OB A TIC AR A FFoI S DBl ffh2 1295,

HAZESLBINE N JSONL, JEAR i B B S8 i I EAR %
NHHH) events | Hkuwwm%emhmmnkﬁ@mn

from __future__ import annotations

import json

from dataclasses import dataclass, field
from pathlib import Path
from time import time

@dataclass

class SessionLog:
path: Path | None = None

events:

list = field(default_factory=list)

def __post_init__(self):
if self.path is not None:

self .path.parent.mkdir (parents=True, exist_ok=True)

def append(self, event: dict) -> None:
event = {*xevent, "logged_at_unix_s": time()}
self.events.append(event)
if self.path is not None:

with self.path.open("a", encoding="utf-8") as handle:
handle.write(json.dumps(event, ensure_ascii=False, allow_nan=False) + "\n")

def action_events(self) -> list[dict]:
RSP (4 request_id —%&, STARK) . "

return [event for event in self.events if event.get("response“) is not None

and event["response"].get("accepted") is Truel

def step_events(self) -> list[dict]:
"SI EE (B _log_step TN, HERAMFE) o vt

return [event for event in self.events if event.get(”event" == "step"]
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src/mcm26b/protocol/rules.py

N R = N O R

"rvPO MU E - PSS MBS SE RS SRR TR S, AR AT BT A

&3 issue/fHF/KH12. docx CHELIEREEHE H U K WAESE > 45 5-9 17,
F P RS S PR R, B A T E A IR AR 5 B s
FARA L A T B/ MR . NRAT AL docs/ il M 5 RS . md.o

from __future_

import annotations

from dataclasses import dataclass

# ———— ZEIRLGL [ -— -— -— -
NO_SIGNAL = "no_signal" # WARIES: TRBRIE / BEBICEE /7 enEmms
NEAR = '"near" # JEE <=5m HYEE AN AR svd_deg

DIRECTION = "direction" # A(55: M svd_deg (& +1° iR¥%, EEWNL/NE)

MEASURE_RESULTS = (NO_SIGNAL, NEAR, DIRECTION)

CLEAR_SUCCESS = "success" # 20m NEIIIER: FEN 5s
CLEAR_NO_TARGET = "no_target_in_range" # AKA&I (FLIF/EEFE/#H20m) ; ¥R 3s
CLEAR_RESULTS = (CLEAR_SUCCESS, CLEAR_NO_TARGET)

EXIT_USER = "user_exit" # /exit JIHm R AR [ 2R H R A

# accepted=false WM HEIX 3 NMFEL; virtual_time_s HN 0, AJEYFiH %) [EimE]
BASE_RESPONSE_FIELDS = ("accepted", "real_timestamp_ms", "virtual_time_s")

# ---- R

@dataclass(frozen=True)
class FieldSpec:
nASISRE BN, DR B2 5.1 ARSI,

kind: type # str / dict; HUETBON sim HHREZY /I m 4 FANAR T
required: bool = True
max_bytes: int | None = Nome # “FAFHIFEN UTF-8 KJ¥ LR

COMMON_FIELDS: dict[str, FieldSpec] = {
"arena_id": FieldSpec(str), # WK "default"
"robot_id": FieldSpec(str, max_bytes=64), # BFETETEEZFTNS
"request_id": FieldSpec(str, max_bytes=128), # ZxiGNHEEE4E, Hrah{EfHA#r 1D

POSITION_FIELDS: dict[str, FieldSpec] = {
"x": FieldSpec(float), # AR JSON number, |x| <= 2_000_000
"y": FieldSpec(float),

}

# PR > BRANFBIMYEIEFE: /enter 5 /exit ToMINE Bt

ACTION_FIELDS: dict[str, dict[str, FieldSpec]] = {
"/enter": {},
"/measure": {"position": FieldSpec(dict), "channel": FieldSpec(float)},
"/clear": {"position": FieldSpec(dict), "channel": FieldSpec(float)},
"Jexit": {},

}

ACTION_PATHS = tuple(ACTION_FIELDS)

# channel 5§ JSON number 1.0 HA& M¥E&%iti3%Z; 1.5 ig[al HTTP 400 [ifAi]

# —-—— W FB#E (accepted=true MW INFEL) -
RESPONSE_FIELDS: dict[str, tuplelstr, ...]] = {

"/enter": ("max_virtual_duration_s", "max_real_duration_s", "remaining_real_duration_s“),
"/measure": ("measure_result",), # direction W5 svd_deg
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69

71
72
73
74
75
76
77
78
79
80
8

82
83
84
85
86
87
88
89
90
91
92
93
94

"/clear": ("clear_result",),
"/exit": ("exit_reason",),

# ---- BERIEX UEmE] K2 5.3

STATUS_OK = 200

STATUS_BAD_REQUEST = 400 # JSON JHi/ T4 /B BL/ 22 /5 sl A b Y
STATUS_CONFLICT = 409 # [A] request_id XM AR, sItE AR IE
STATUS_RETRYABLE = (429, 500) # R/ IOk BIR RS AR AT RAEE

def http_status_meaning(status: int) -> str:

table = {
200: "FECHAT, B JsoN AVE{HBHILSIELL (B accepted) ',
400: "FREGMESIR; AN A request_id, MEIE/FFE M 10",
404: "BRERMBAR (MEZRERALSERSE ",
405: "CAnMEA Tk poST ke,
409: "request_id FFEMREITL LIEAFE",
413: "ifRiki#EE 65536 FT",
415: "Content-Type i Content-Encoding %% #F",
429: "HER/ MERRYILA , AR IC IR E RR,
500: "BELLE AR,

}

return table.get(status, "RAVKAIL")

src/mcm26b/protocol/state.py

1
2
3
4
5
6
7
8
9

" PO/PL LA SAHIIRASHL: AL¥E . IIpSatE . AU 2 5 ik RS

SRR D

- HAff accepted=true WM A R apply_*; accepted=false —ffAHHT,
H virtual_time_s=0 A& 47N %1 ;

- BRI Z DR — K accepted=true MR Ay, AXHBFI (A VE—SC AR

- /clear NS HIMHIE, A=A YIRFENS 5

- HHAY: /measure 2N MM IE B H A AR A A -

from __future_

import annotations

from dataclasses import dataclass, field

from ..config import CostConfig, Vec2
from .rules import CLEAR_SUCCESS
from .timing import CostBreakdown, clear_cost, measure_cost

class StateError (RuntimeError):

RSP LLAREIF IS (AR enter jii apply_measure) . """

Q@dataclass
class RobotState:
position: Vec2 = (0.0, 0.0) # /enter J{INJGIFIGANIE [HiA]
channel: int = 1 # /enter JKINEHIAILGHE [EiHE]
virtual_time_s: float = 0.0
entered: bool = False
exited: bool = False
action_count: int = 0
# TIN5 SC R 2ET0 T s strict AR BN 252 EEAL .

mismatches: list = field(default_factory=list)

# - - - enter/exit
def apply_enter(self, response: dict, *, strict: bool = False) -> None:
self._require_accepted(response)
if strict and (self.entered or self.exited):
raise StateError("#H% /enter i iEH 5 enter")
self.entered = True
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93
94
95
9%
97

self.virtual_time_s = response["virtual_time_s"]

def apply_exit(self, response: dict) -> None:
self._require_accepted(response)
self.exited = True

self.virtual_time_s = response["virtual_time_s"]

def apply_measure(self, request: dict, response: dict, *,
cost: CostConfig = CostConfig(),
strict: bool = False) -> CostBreakdown:

self._require_accepted(response)

if strict and (not self.entered or self.exited):
raise StateError("/measure 3R, enter HACIEH™)

———— measure

pos = (request["position"]["x"], request["position"]["y"])

channel

= request["channel"]

predicted = measure_cost(self.position, pos, self.channel, channel, cost)
predicted = self._advance(pos, channel, response, predicted, strict)
return predicted

def apply_clear(self, request: dict, response: dict, x*,

cost: CostConfig = CostConfig(),

strict: bool = False) -> CostBreakdown:

self._require_accepted(response)

if strict and (not self.entered or self.exited):
raise StateError("/clear FR{! enter HAIEMH™)

pos = (request["position"]["x"], request["position"]["y"])

success

= response['clear_result"] == CLEAR_SUCCESS
predicted = clear_cost(self.position, pos, success, cost)

# BUEBHERAS: /clear AUIEMANUE D]

return self._advance(pos, self.channel, response, predicted, strict)

def _advance(self, pos: Vec2, channel: int, response: dict,

# SESE AR T strict MR RN B BHRR S

predicted: CostBreakdown, strict: bool) -> CostBreakdown:

actual_delta = response["virtual_time_s"] - self.virtual_time_s

if abs(actual_delta - predicted.total_s) > le-6:

message = (£"AEITINA—Z: Filll {predicted.total_s:.6f}s, "

£'5200] {actual_delta:.6f}s ({predicted})")

if strict:

# AR RS A R A g ZEIE N H BT

raise StateError (message)

self .mismatches.append(

{"action": self.action_count + 1, "predicted_s":
"actual_s": actual_delta, "message": message})

self.position = pos
self.channel = channel

self.virtual_time_s = response["virtual_time_s"]

self.action_count += 1

return predicted

@staticmethod
def _require_accepted(response: dict) -> None:

if response.get("accepted") is not True:
raise StateError("accepted=false IR A REF B HRRAS")

src/mcm26b/protocol/timing.py

RTINS T R I O I SR

""UPO AiTFIN AL /measure 5 /clear MUFEIIMR. KL SRS,

FEPF12 SRR 245 10T BTN s 2 ME—AUBi g -

predicted.total_s,

#4338 105, 111, 194, 199 Fb (tests/test_protocol_timing.py [Efk) o

2 v U ASRD B S EARAY . ASADLES FH IR — pR B DE kDL

PRAIE" B - AT -5 =075k

from

__future__

import annotations
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from dataclasses import dataclass
from math import dist

from ..config import CostConfig, Vec2

@dataclass(frozen=True)
class CostBreakdown:

def

def

def

KA EENIER S B D] B3 + B (UK + A

move_s: float
switch_s: float
action_s: float

@property
def total_s(self) -> float:
return self.total_us / 1_000_000

@property
def total_us(self) -> int:
"R BRI R T IR B

return sum(round(value * 1_000_000)

for value in (self.move_s, self.switch_s, self.action_s))

measure_cost(prev_pos: Vec2, pos: Vec2, prev_channel: int, channel: int,

cost: CostConfig = CostConfig()) -> CostBreakdown:
mniik /measure [URENS . IR BRI WolE NUE R EMUE & S AH .
return CostBreakdown (
move_s=dist (prev_pos, pos) / cost.speed_mps,
switch_s=0.0 if channel == prev_channel else cost.switch_s,
action_s=cost.measure_s,

clear_cost(prev_pos: Vec2, pos: Vec2, success: bool,
cost: CostConfig = CostConfig()) -> CostBreakdown:
ik /clear [FENT.

/clear [#] channel & HPBRTHLINUE, UM MPUIGE, WA LGB AR
return CostBreakdown(

move_s=dist(prev_pos, pos) / cost.speed_mps,

switch_s=0.0,

action_s=cost.clear_success_s if success else cost.clear_fail_s,

move_time(a: Vec2, b: Vec2, cost: CostConfig = CostConfig()) -> float:

"R AR SRR (BLRIFD) . v

return dist(a, b) / cost.speed_mps

src/mcm26b/protocol/transport.py

0 N N U AW N =

=)

12

"t ARG HTTP A S PR SR . O TR S A DL .

]

523217 :class: RequestsTransport™; HEBLIZIEA :class: LocalSimTransport”
(sim AEHRk) $E#; WA PlaybackTransport. iE44IN5 LR 45—

:class: “TransportError™ —— IZRIIMUE Bk " [ —3hfE" e i request_id
SEiERA D8], H client E{RiF,

from __future__ import annotations

from dataclasses import dataclass

import requests
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class TransportError(Exception):

U ERIG A b S I ST RERIAS . W REg R AR,

@dataclass(frozen=True)
class TransportResponse:
status: int
body: bytes

class Transport:

"N POST HET FIGHLIE, —U MK (R o v

def post(self, url: str, body: bytes, headers: dict[str, str],
timeout: tuple[float, float]) -> TransportResponse:
raise NotImplementedError

class RequestsTransport (Transport):
T requests FUERINSEPL. timeout=(iEHE, EHO. """

def post(self, url, body, headers, timeout):

try:
response = requests.post(url, data=body, headers=headers, timeout=timeout)

except (requests.exceptions.Timeout, requests.exceptions.ConnectionError) as exc:
raise TransportError(str(exc)) from exc

except requests.exceptions.RequestException as exc: # Ui R G0 [a) FEHE 0 48 J A 3
raise TransportError(str(exc)) from exc

return TransportResponse(response.status_code, response.content)

src/mcm26b/routing.py

N = Y e S

RS/ B AU TERAS . P AHET . FARSHERER (S1/85) .
Bt R (docs /45 =P ] &3 5 s LRI b /% .md §1. §3.2. §3.4) :

- Pl R GRS E RS 2o Al A S B R — ARl &
= RUAESEG TR, fRIF = = BIINE + = SIfERERT;
- /MBS (n < CCEXACT_LIMIT ) E$%M] Held-Karp K5ff DP, MUATE KIS A
FALARITIC + 2-opt / Or-opt (k. FRURZLAH »+MST N wx I FYEL G HEE T
- AR S ER . AR TE, WAKASE S/ ERTE X

A8 BB CHE R+ (k) : BRI R 77#% " speed_mps™ ™ AbJEL,
2-opt / Or-opt Al 0(1) HAmARMiEy, i n =~ 107 BEHIITEZF N 5E .

from __future__ import annotations

import math
from .config import Vec2

EXACT_LIMIT = 13 # Held-Karp 7%k 2°n - n: n=13 - 106 496, 4| Python 1[5
OR_OPT_LIMIT = 60 # ARl S I (B Bkid B Or-opt (L improve_open_path)

def path_ length(order list[Vec2], start: Vec2 = (0.0, 0.0)) -> float:
TP AR (A start, ZAR) o "
total = 0.0
position = start
for point in order:
total += math.dist(position, point)
position = point
return total

def nearest_neighbor_order(points: list[Vec2],
start: Vec2 = (0.0, 0.0)) -> list[Vec2]:
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def

def

[IRTITIN= A

BRI E (0(m), JaRA L) o
remaining = list(points)
order: list[Vec2] = []
position = start
while remaining:
nxt = min(remaining, key=lambda q: math.dist(position, q))
remaining.remove (nxt)
order .append (nxt)
position = nxt
return order

two_opt_open(order: list[Vec2], start: Vec2 = (0.0, 0.0),
max_passes: int = 8) -> list[Vec2]:

"TFIRER AR 2-opt (ZES A MURFRNER N B, AE B .

WERM o) 4 [i..3] Higm (prev, i) 5 (j, next) Wil
nnn
best = list(order)
n = len(best)
if n < 3:
return best
for _ in range(max_passes):
improved = False
for i in range(n - 1):
prev = best[i - 1] if i > 0 else start
pi = best[il
d_prev_i = math.dist(prev, pi)
for j in range(i + 1, n):
pj = bestl[j]
nxt = best[j + 1] if j + 1 < n else Nome
d_prev_j = math.dist(prev, pj)
removed = d_prev_i
added = d_prev_j
if nxt is not None:
removed += math.dist(pj, nxt)
added += math.dist(pi, nxt)
if added < removed - 1le-9:
best[i:j + 1] = best[i:j + 1][::-1]
improved = True
pi = best[il
d_prev_i = math.dist(prev, pi)
if not improved:
break
return best

or_opt_open(order: list[Vec2], start: Vec2 = (0.0, 0.0),
max_passes: int = 4, max_segment: int = 3) -> list[Vec2]:
"""Or-opt: UK < max_segment [ BRR OFiisss, =AM o)) o "
best = list(order)
n = len(best)
if n < 4:
return best
for _ in range(max_passes):
improved = False
for length in range(l, min(max_segment, n - 1) + 1):
for i in range(0, n - length + 1):
segment = best[i:i + length]
rest = best[:i] + best[i + length:]
for j in range(len(rest) + 1):
if § == i:
continue
candidate = rest[:j] + segment + rest[j:]
if _segment_move_gain(best, i, length, j, start) > le-9:
best = candidate
improved = True
break
if improved:
break
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107 if improved:

108 break

109 if not improved:

110 break

111 return best

112

113

114 def _segment_move_gain(order: list[Vec2], i: int, length: int, j: int,
115 start: Vec2) -> float:

16 "M order[i:ivlength] WEIEMEELRIR J (A FIIKE GE=HA) . o0
117 rest = order[:i] + order[i + length:]

118 segment = order[i:i + length]

119

120 def length_of(seq: list[Vec2]) -> float:

121 return path_length(seq, start)

122

123 return length_of (order) - length_of (rest[:j] + segment + rest[j:])
124

125

126 def improve_open_path(points: list[Vec2], start: Vec2 = (0.0, 0.0),
127 max_passes: int = 8) -> list[Vec2]:

128 "rRSEAR + 2-opt + Or-opt FUFFEUEEAEEHE (KAL) o

129

130 Or-opt MM ITAL 2 0®), fEl S4B :data: "OR_OPT_LIMIT K H
131 0(m?) M) 2-opt (LEOET Or-opt APARXMLEEEC/NF HIREAAN) o
132 e

133 order = nearest_neighbor_order(points, start)

134 order = two_opt_open(order, start, max_passes)

135 if len(order) > OR_OPT_LIMIT:

136 return order

137 return or_opt_open(order, start, max_passes)

138

139

140 def held_karp_open(points: list[Vec2], start: Vec2 = (0.0, 0.0)) -> list[Vec2]:
141 """Held-Karp AEFHJFIERAE GEMFE. LA d) o

142

143 KA~ dplmask] [j]1°° = PFA4EA mask. HHIETE §J MR

144 A 2°n - n, VT n < :data: EXACT_LIMIT . iRI[E At MRz,
145 e

146 n = len(points)

147 if n ==

148 return []

149 if n ==

150 return list(points)

151 dist = [[math.dist(points[i], points[j]) for j in range(n)] for i in range(n)]
152 from_start = [math.dist(start, points[j]) for j in range(n)]
153 full = (1 << n) -1

154 inf = float("inf")

155 dp: list[list[float]] = [[inf] * n for _ in range(l << n)]

156 parent: list[list[int]] = [[-1] * n for _ in range(l << n)]

157 for j in range(n):

158 dpl[1 << j1[j] = from_start[j]

159 for mask in range(l << n):

160 row = dp[mask]

161 for j in range(n):

162 current = rowl[j]

163 if current == inf or not (mask >> j) & 1:

164 continue

165 rest = full ~ mask

166 while rest:

167 bit = rest & -rest

168 k = bit.bit_length() - 1

169 rest "= bit

170 candidate = current + dist[j] [k]

171 nxt = mask | bit

172 if candidate < dp[nxt][k]:

173 dp [nxt] [k] = candidate

174 parent [nxt] [k] = j

175 best_end = min(range(n), key=lambda j: dp[full][jl)

176 order: list[Vec2] = []
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177 mask, j = full, best_end

178 while j !'= -1:

179 order.append(points[j])

180 previous = parent [mask] [j]

181 mask "= 1 << j

182 j = previous

183 order.reverse ()

184 return order

185

186

187 def optimal_open_path(points: list[Vec2], start: Vec2 = (0.0, 0.0),
188 exact_limit: int = EXACT_LIMIT) -> list([Vec2]:
189 mE il (BRI TR AINIUERS ), KBS 2-opt + Or-opt. """
190 unique = _dedupe(points)

191 if len(unique) <= exact_limit:

192 return held_karp_open(unique, start)

193 return improve_open_path(unique, start)

194

195

196 def mst_weight(points: list[Vec2], start: Vec2 | None = (0.0, 0.0)) -> float:
197 R NERBEANE (Prim, 0(n?)) 3 £ start B4 HIFRUSARAUER T 5.
198

199 TR AR MR Hdpe J5 — A5 I AR — R LR RO, e MST AE < I s e
200 e

201 nodes = ([start] if start is not None else []) + list(points)
202 n = len(nodes)

203 if n <= 1:

204 return 0.0

205 in_tree = [False] * n

206 best = [float("inf")] * n

207 best[0] = 0.0

208 total = 0.0

209 for _ in range(n):

210 u, u_cost = -1, float("inf")

211 for i in range(n):

212 if not in_tree[i] and best[i] < u_cost:

213 u, u_cost = i, best[i]

214 if u < 0:

215 break

216 in_tree[u] = True

217 total += u_cost

218 ux, uy = nodes[u]

219 for v in range(n):

220 if in_treelv]:

221 continue

222 distance = math.hypot(nodes[v][0] - ux, nodes[v][1] - uy)
223 if distance < best[v]:

224 best[v] = distance

225 return total

226

227

228 def _dedupe(points, cell_m: float = 0.5) -> list[Vec2]:

229 mrE CCcell mtT BIAREE (B AEL) o e

230 seen: set[tuplelint, int]] = set()

231 unique: list[Vec2] = []

232 for point in points:

233 key = (int(round(point[0] / cell_m)), int(round(point[1] / cell_m)))
234 if key in seen:

235 continue

236 seen.add (key)

237 unique.append((float(point[0]), float(point[1])))

238 return unique

239

240

241 def route_metrics(service_points, actual_move_m: float,

242 speed_mps: float = 5.0) -> dict:

243 nrER R BERRMRITR . MST FHLSHNT gap (S1 ARA)) o
244 unique = _dedupe(service_points)

245 offline = path_length(optimal_open_path(unique)) if unique else 0.0
246 lower = mst_weight (unique)
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247 gap = ((actual_move_m - offline) / actual_move_m) if actual_move_m > O else 0.0
248 return {

249 "distinct_service_points": len(unique),

250 "offline_opt_open_path_m": round(offline, 1),

251 "offline_opt_open_path_s": round(offline / speed_mps, 1),
252 "route_lower_bound_s": round(lower / speed_mps, 1),

253 "route_gap_vs_offline": round(gap, 4),

254 }

scripts/audit_paper_formal.py

"""Audit only the formal exports selected in the official simulator's test folder.

1

2

3 No encrypted payload is opened. Match the public activation-ticket digest to the
4 official statistics queue, and the complete package digest to its result sidecar.
5 Export a minimal, anonymous snapshot and reproducible paper tables (stdlib only).
6 nnn

7 from __future__ import annotations

8

9 import argparse

10 import base64

11 import csv

12 import hashlib

13 import json

14 import sqlite3

15 import struct
16 from decimal import Decimal, ROUND_HALF_UP
17 from pathlib import Path

19 ROOT = Path(__file__).resolve().parents[1]
20 FIELDS = (

21 "entered", "end_reason", "cleared_jammer_count", "measure_accepted_count",
22 "virtual_time_us", "program_run_duration_ms", "channel_switch_count",
23 "clear_failure_count", "state",

24 )

25

26

27 def sha(data: bytes) -> str:

28 return hashlib.sha256(data) .hexdigest()

29

30

31 def public_header(path: Path) -> tuple[dict, str]:

32 data = path.read_bytes()

33 if data[:8] != b"JMBFLOG1" or len(data) < 14:

34 raise ValueError (f"Unsupported formal envelope: {path.name}")

35 version, size = struct.unpack(">HI", data[8:14])

36 if version != 1 or not O < size <= len(data) - 14:

37 raise ValueError(f"Invalid envelope header: {path.name}")

38 header = json.loads(data[14:14 + size])

39 if header["package_type"] != "formal_behavior_log":

40 raise ValueError("Practice logs are not admitted")

41 return header, sha(data)

42

43

44 def fixed(value: Decimal, digits: int = 3) -> str:

45 return str(value.quantize(Decimal(1l).scaleb(-digits), rounding=ROUND_HALF_UP))
46

47

48 def derive(row: dict) -> dict:

49 count = row["cleared_jammer_count"]

50 total = Decimal (row["virtual_time_us"]) / 1_000_000

51 movement = total - (5 * row["measure_accepted_count"]

52 + row["channel_switch_count"] + 5 * count

53 + 3 x row["clear_failure_count"])

54 if count <= 0 or movement < O:

55 raise ValueError("Invalid counts or negative inferred movement time")
56 return {

57 "virtual_time_s": str(total),

58 "average_clear_time_s": fixed(total / count, 6),
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59 "program_run_duration_s": fixed(Decimal(row["program_run_duration_ms"]) / 1000),

60 "inferred_movement_time_s": str(movement),

61 "inferred_distance m": str(5 * movement),

62 "movement_share_percent": fixed(100 * movement / total, 6),

63 "source_total": None,

64 "clear_fraction": None,

65 }

66

67

68 def collect(sim: Path) -> list[dict]:

69 selected = sorted((sim / "test").rglob("*.jlog"))

70 if not selected:

71 raise ValueError("No formal exports in test/")

72 queue = sim / "JammersSimulatorData/formal-statistics-queue.sqlite3"

73 original = sim / "JammersSimulatorData/behavior-logs"

74 # Read the live queue including its WAL, without writing to the simulator.

75 with sqlite3.connect(queue.resolve().as_uri() + "7mode=ro", uri=True) as db:

76 db.row_factory = sqlite3.Row

77 query = "SELECT activation_ticket_sha256," + ",".join(FIELDS) + " FROM statistics_tasks"

78 statistics = {r["activation_ticket_sha256"]: dict(r) for r in db.execute(query)}

79 records = []

80 for path in selected:

81 header, digest = public_header(path)

82 encoded = header["server_ticket_b64"]

83 ticket_hash = sha(base64.urlsafe_b64decode(encoded + "=" * (-len(encoded) % 4)))

84 sidecar = json.loads((original / (path.stem + ".result.json")).read_text("utf-8"))

85 for field in ("problem_no", "formal_index", "case_code"):

86 if header([field] != sidecar[field]:

87 raise ValueError(f"Mismatched case: {path.name}")

88 if digest != sidecar["package_sha256"] or digest != sha((original / path.name).read_bytes()):

89 raise ValueError(f"Mismatched formal package: {path.name}")

90 matched = statistics[ticket_hash]

91 row = {name: header[name] for name in ("problem_no", "formal_index", "case_code", "
client_version")}

92 row.update ({name: matched[name] for name in FIELDS})

93 row.update ({

94 "file": path.relative_to(sim).as_posix(), "size_bytes": path.stat().st_size,

95 "package_sha256": digest, "activation_ticket_sha256": ticket_hash,

96 "created_at_utc": header["created_at_utc"],

97 "ended_at_utc": sidecar["ended_at_utc"],

98 "content_encryption": header["content_encryption"],

99 "identity_and_ticket_content_omitted": True,

100 "same_as_official_original": True,

101 1))

102 row["derived"] = derive(row)

103 records.append (row)

104 keys = [(r["problem_no"], r["formal_index"]) for r in records]

105 if len(set(keys)) != len(keys):

106 raise ValueError("Duplicate formal attempt")

107 return records

108

109

110 def write_outputs(rows: list[dict], out: Path) -> None:

111 out.mkdir(parents=True, exist_ok=True)

112 snapshot = {

113 "schema": "paper-formal-audit-v1i",

114 "selection": "Only Jammers-simulator-full/test/**/*.jlog",

115 "statistics_source": "Official formal-statistics-queue.sqlite3; matched by SHA-256 of the public
activation ticket",

116 "limitations": [

117 "Encrypted action payloads are not decrypted; no trajectory or bearing observations are
available.",

118 "Source totals and omnidirectional/directional counts are not disclosed.",

119 "Queue state confirmed is a statistics submission acknowledgement, not a clearance-ratio
score.",

120 "No solver commit or configuration digest is bound to these public statistics.",

121 "The third formal attempt for each problem is not present in the selected data.",

122 1,

123 "records": rows,

124 }
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125

126
127
128
129
130
131
132
133
134
135
136

138
139
140
141

142
143
144
145
146
147
148

149
150
151
152
153
154

155
156
157
158
159
160

161
162
163
164

165

166

168
169

170
171
172
173
174
175
176
177

178
179
180
181
182
183
184

(out / "formal-results.json").write_text(json.dumps(snapshot, ensure_ascii=False, indent=2) + "\n",
"utf-8")
columns = ["problem_no", "formal_index", '"case_code", *FIELDS, "package_sha256"]
with (out / "formal-results.csv").open("w", encoding="utf-8-sig", newline="") as handle:
writer = csv.DictWriter(handle, fieldnames=columns + list(rows[0] ["derived"]))
writer.writeheader()
for row in rows:
writer.writerow({**{key: rowl[key] for key in columns}, **row["derived"]})
for problem in (3, 4):
by_index = {r["formal_index"]: r for r in rows if r["problem_no"] == problem}
lines = ["}, Generated by scripts/audit_paper_formal.py; seconds; half-up rounding."]
for index in (1, 2, 3):
row = by_index.get (index)
if row is None:
lines.append (£" it {index} & AHRMIF & —— & —- & —— " + £"\\")
else:
avg = Decimal (row["virtual_ time_us"]) / 1_000_000 / row["cleared_jammer_count"]
lines.append (£"Jlli{ {index} & \\texttt{{{row['case_code']1}}} & {row['
cleared_jammer_count']} & {fixed(avg)} & {row['derived']['program_run_duration_s']} " + r"\\")
(out / f"formal-g{problem}-rows.tex").write_text("\n".join(lines) + "\n", "utf-8")
cost_lines, constants = [], []
for row in rows:
label = f"Q{row['problem_no']}-{row['formal_index']}"
total = Decimal(row["virtual_time_us"]) / 1_000_000
move = Decimal (row["derived"]["inferred_movement_time_s"])
cost_lines.append(f"{label} & {row['measure_accepted_count']} & {row['channel_switch_count']} &
{row['clear_failure_count']} & {fixed(total)} & {fixed(move)} & {fixed(100*move/total, 2)}\\% " + r
"\\'")
(out / "formal-cost-rows.tex").write_text("\n".join(cost_lines) + "\n", "utf-8")
for problem, word in ((3, "Three"), (4, "Four")):
group = [r for r in rows if r["problem_no"] == problem]
count = sum(r["cleared_jammer_count"] for r in group)
total = sum(Decimal(r["virtual_time_us"]) / 1_000_000 for r in group)
mean = sum(Decimal(r["virtual_time_us"]) / 1_000_000 / r["cleared_jammer_count"] for r in group)
/ len(group)
constants.extend ([f"\\newcommand{{\\Q{word}Count}}{{{count}}}",
£"\\newcommand{{\\Q{word}Weighted}}{{{fixed (total/count)}}}",
f"\\newcommand{{\\Q{word}Mean}}{{{fixed (mean)}}}"]1)
(out / "formal-macros.tex").write_text("\n".join(constants) + "\n", "utf-8")
audit = ["# WERMRE Az, ", "HiEPE ~Jammers-simulator-full/test™ HAJIER SFHME. ",
MR EAT AERRE o AT LI B RO S A  ASAERTRAE K result MSCAF s FEPERG A DLACE U7 1E
SR, ",
"SI EINS . BAEE. ERANE. BHEESKRSER ", 1,
noZf) | ER)FE | 3 | {3 SHA-256 |", | -—= | ——= | ——= | -—= |"]
for row in rows:
audit.append(f"| {row['case_code']} | Q{row['problem_no']l}-{row['formal_index']l} | J& | “{row['
package_sha256'1}" |")
audit += ["", "W EIREE BN, BIFEITRECRHE 20, TYEMERRE = SRR / Hk
o ",
"R BT[] BRI AT AR T S RIS BRI B s S R R AR R S .
"“confirmed” UHFGEITHEATHHIN, “user_exit™ (UIFEBNIRH . BEEAR, TRembaibs. v,
"R PUEEE ZUOERU T s DL SR B Bl g g R . v,
Y SR DA AR . A TP RIS P A AR IR, SRR X DU R Y B S A O I e v,
"]
(out / "audit.md").write_text("\n".join(audit), "utf-8")

def main() -> None:

parser = argparse.ArgumentParser(description=__doc__)
parser.add_argument ("--sim-root", type=Path, default=RO0T / "Jammers-simulator-full")
parser.add_argument ("--out", type=Path, default=R0O0T / "docs/paper/data")
parser.add_argument ("--snapshot", type=Path, help="Regenerate tables from the audited anonymous
snapshot, without the simulator database")
args = parser.parse_args()
if args.snapshot:
rows = json.loads(args.snapshot.read_text("utf-8")) ["records"]
for row in rows:
if derive(row) != row["derived"]:
raise ValueError("Snapshot arithmetic changed")
path = args.sim_root / row["file"]
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185
186
187
188
189
190
191
192

193
194
195
196
197

if path.exists() and public_header(path) [1] != row["package_sha256"]:
raise ValueError("Snapshot and formal export disagree")
else:
rows = collect(args.sim_root)
write_outputs(rows, args.out)
for row in rows:
print (£"Q{row['problem_no']}-{row['formal_index']} {row['case_code']}:
f"cleared={row['cleared_jammer_count']} average={row['derived']['average_clear_time_s']} s

f'"real={row['derived'] ['program_run_duration_s']} s")

if __name__
main()

== "__main__

scripts/build_paper_support.py

N R = N e R

"""Build vector figure sources, complete source listings, and a compact support ZIP.

Formal figures use the audited snapshot only. Geometric figures use declared
algorithm parameters, not fabricated observations or hidden simulator data.

from __future_

_ import annotations
import argparse

import hashlib

import json

import zipfile

from decimal import Decimal

from pathlib import Path

ROOT = Path(__file__).resolve() .parents[1]
PAPER = ROOT / "docs/paper"

# Display copies only: executable Python files remain byte-for-byte unchanged.
ESCAPE_OPEN = " (" + "*@"
ESCAPE_CLOSE = "@x" + ")"
LATEX_SYMBOLS = {
"\uO3b1": r"\alpha", "\uO3b4": r"\delta", "\uO3b8": r"\theta",
"\uO3bb": r"\lambda", "\u03cO0": r"\pi", "\uO3ci1": r"\rho",
"\u03c6": r"\varphi", "\u2308": r"\lceil", "\u2309": r"\rceil",
"\u2200": r"\forall", "\u2203": r"\exists", "\u2205": r"\varnothing",
"\u2208": r"\in", "\u2227": r"\wedge", "\u2229": r"\cap",
"\u222a": r"\cup", "\u2248": r"\approx", "\u2264": r"\le",
"\u2265": r'"\ge", "\u2286": r"\subseteq", "\u2287": r"\supseteq",
"\u27£9": r"\Longrightarrow",

def escaped_listing(source: str) -> str:
if ESCAPE_OPEN in source or ESCAPE_CLOSE in source:
raise ValueError("Source collides with the LaTeX escape delimiters")
return "".join(
ESCAPE_OPEN + r"\ensuremath{" + LATEX_SYMBOLS[c] + "}" + ESCAPE_CLOSE
if ¢ in LATEX_SYMBOLS else c¢ for c in source

def digest(data: bytes) -> str:
return hashlib.sha256(data) .hexdigest()

def figures(rows: list[dict]) -> None:
out = PAPER / "figures"
out.mkdir(parents=True, exist_ok=True)
plan = json.loads((ROOT / "src/mcm26b/guarantee/plans/q4_mincover_v2.json").read_text("utf-8"))
lines = [
r"\begin{figure} [htbp] \centering",
r"\begin{tikzpicture}[x=0.00145cm,y=0.00145cm,font=\small]",
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53 r"\fill[inkblue!5] (0,0) circle (1800);",

54 r"\draw[thick] (0,0) circle (1800);",

55 r"\draw[->,warmgray] (-2900,0)--(2950,0) node[right] {$x$/m};",

56 r"\draw[->,warmgray] (0,-2800)--(0,2850) node[above] {$y$/m};",

57 ]

58 for x in (-2000, -1000, 1000, 2000):

59 lines += [fr"\draw ({x},-35)--({x},35);",

60 fr"\node [below,font=\scriptsize] at ({x},-50) {{{x}}};"]

61 for x, y in plan["points"]:

62 lines.append(fr"\fill[inkblue] ({x},{y}) circle (33);")

63 lines += [

64 r'"\node [anchor=west,align=left] at (3250,900) {[&f: PN FEIEI\\WE L STAKRMIEEY; ",

65 r"\node [anchor=west,align=1left] at (3250,-700) {4l S FERELAMNN\T TR m A& SIS ; ",

66 r"\end{tikzpicturel}",

67 r"\caption{ 55U |31 Myt XM LA 434 o 3l MR HHRISCfE . PRRIEFGSI B 2 B E AN [m) T i 3L
Mo 3",

68 r"\label{fig:q4plan}\end{figurel}",

69 ]

70 (out / "g4-plan.tex").write_text("\n".join(lines) + "\n", "utf-8")

71 colors = ["inkblue", "inkblue!50", "warmgray!70", "black!18"]

72 bars = [

73 r"\begin{figure} [htbp]\centering",

74 r"\begin{tikzpicture}[x=0.00108cm,y=0.85cm,font=\smalll",

75 ]

76 for j, row in enumerate(rows):

77 y=3-73j

78 components = [Decimal(row["derived"]["inferred_movement_time_s"]),

79 Decimal(5 * row["measure_accepted_count"]),

80 Decimal (row["channel _switch_count"]),

81 Decimal(5 * row["cleared_jammer_count"] + 3 * row["clear_failure_count"])]

82 label = f£"Q{row['problem_no']l}-{row['formal_index']}"

83 bars.append (fr"\node [anchor=east] at (-100,{y + 0.3}) {{{label}}};")

84 current = Decimal(0)

85 for amount, color in zip(components, colors):

86 bars.append(fr"\fill[{color}] ({current},{y}) rectangle ({current + amount},{y + 0.6});")

87 current += amount

88 bars.append (fr"\node [anchor=west,font=\scriptsize] at ({current + 80},{y + 0.3}) {{{current:.1f
L))

89 bars.append(r"\draw[->] (0,-0.25)--(10500,-0.25);")

90 for tick in range(0, 10001, 2000):

91 bars.append (fr"\draw ({tick},-0.25)--({tick},-0.35) node[below,font=\scriptsize] {{{tick}}};")

92 bars.append(r'"\node [anchor=west,font=\scriptsize] at (10400,-0.65) {s};")

93 for x, color, label in zip((0, 2600, 5200, 7600), colors, ("F&zh", "Kuil", ", "#EFEE")):

94 bars += [fr"\fill[{color}] ({x},-1.3) rectangle ({x + 350},-1.05);",

95 fr'"\node [anchor=west] at ({x + 450},-1.175) {{{labell}}};"]

96 bars += [

97 r"\end{tikzpicturel}",

98 r"\caption{ PUYRIER MM R I HEAUFEIS o B Sl S AT BR R 7 SO0 e keI fodf. 3,

99 r"\label{fig:costbars}\end{figure}",

100 ]

101 (out / "formal-time-bars.tex").write_text("\n".join(bars) + "\n", "utf-8")

102

103

104 def listings(rows: list[dict]) -> None:

105 data = PAPER / "data"

106 files = sorted((ROOT / "src/mcm26b").rglob("*.py"))

107 files += [ROOT / "scripts/audit_paper_formal.py",

108 ROOT / "scripts/build_paper_support.py"]

109 text = [

110 r"\begingroup",

111 r"\linespread{1.0}\selectfont",

112 r"\lstset{basicstyle=\ttfamily\fontsize{8}{10}\selectfont,numberstyle=\tiny,"

113 r'"aboveskip=6pt,belowskip=8pt,xleftmargin=1.5em,frame=nonel}",

114 1

115 for path in files:

116 rel = path.relative_to(RO0OT).as_posix()

117 display = data / "listing-source" / (rel + ".tex")

118 display.parent.mkdir(parents=True, exist_ok=True)

119 display.write_text(escaped_listing(path.read_text("utf-8")), "utf-8")

120 display_rel = display.relative_to(PAPER).as_posix()
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160
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180
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183
184
185
186
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189
190

escape_option = "escapeinside={" + ESCAPE_OPEN + "}{" + ESCAPE_CLOSE + "}"
text += [fr"\subsection*{{\pathtext{{{rel}}}}}",
fr"\lstinputlisting[{escape_option}]{{{display_rel}}}"]

text.append(r"\endgroup")
(data / "source-listings.tex").write_text("\n".join(text) + "\n", "utf-8")
table = [

r"\begin{longtable}{p{1.15cm}p{13.3cm}}",

r"\caption{/iFi 1E 5 H 15 52 A7\ label{tab: packages}\\",

r"\toprule Zf| & JIAIF44 % SHA-256\\\midrule\endfirsthead",

r"\toprule Zf| & JEIEC14 5 SHA-256\\\midrule\endhead",

for row in rows:
h = row["package_sha256"]
label = f"Q{row['problem_no']}-{row['formal_index']}"
table += [
fr"{label} & \pathtext{{{Path(row['file']).name}}}\\",
fr"& {{\scriptsize\texttt{{{h[:32]1}}}\allowbreak\texttt{{{h[32:1}}}}}\\[4ptl",
]
table += [r"\bottomrule\end{longtablel}"]
(data / "formal-file-list.tex").write_text("\n".join(table) + "\n", "utf-8")

SUPPORT_README = """# & Lk

SOIIETBRE test s iE S0 S K G A TERCH B 7 Se it
= PO EE = BGOSR IEREEARE, R AT .
SRR EAE RS, BEATRA SIS 5ERA .

# ERNETT

Python >=3.10: %% requests, W[i% numpy &,
1A H®ffi ff] PowerShell:

$env:PYTHONPATH = (Resolve-Path src).Path

python -m mcm26b.cli --help

python -m mcm26b.cli run --problem 3 --strategy bayes —-robot-id <I{ll#$%& stpA5>
python -m mcm26b.cli run --problem 4 --strategy directional --robot-id <& E NS>

TELR T AT 2250 f I 3 70 B 7 Bl P e B . i
EH IR ARIBITIX AL AT 4. H BT T 375 AN A 18 SCS2 IR 7k
WG H A4 ) 75—/ N1l iE referee 41, ARGHFIFAHE M HEE,

## BEIS AR E

python scripts/audit_paper_formal.py --snapshot docs/paper/data/formal-results.json
python scripts/build_paper_support.py

L S H N LA, AEER A .

B AR DR 1 SRR B 77 IESUGE NS, i SRR Ay DU E i 1 .
BOAZIAT NI T B E SRR G4, R AE A TR TRIT T .
TR 5 IE IO AN & S RAIR A 905« AE I 5 S e 4 i 2R AR
SRR A B HGESE: IRARE T joint_empty HIREM R WIEIEL,

# i
%% TeX Live (XeLaTeX. ctex. TikZ) , ¥EA docs/paper:
latexmk -xelatex -interaction=nonstopmode -halt-on-error main.tex

Jig A R0 E R o A T S AN S R A SRR R
docs/paper/fonts HgHIH Al —AHX AL E ; ANEE BN DI ARIX L6520k
il latexmk [ ZI5EMA XS HIHRMLEmagmIE, FiEUZET—IK XeLaTeX,
support-manifest.json F|HILN TR Gi5HAH FFRIN) J% SHA-256,

nun

def package(rows: list[dict]) -> Path:
selected = set((ROOT / "src/mcm26b").rglob("*.py"))
selected.update((ROOT / "src/mcm26b/guarantee/plans”).glob("*.json"))
selected.update ((PAPER / "data").rglob("*"))
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191 selected.update((PAPER / "figures").glob("*.tex"))

192 selected.update ((PAPER / "sections").glob("*.tex"))

193 selected.update([PAPER / "main.tex", PAPER / "mcm26b-paper.cls",

194 PAPER / "README.md", PAPER / "REWRITE_NOTES.md",

195 ROOT / "scripts/audit_paper_formal.py",

196 ROOT / "scripts/build_paper_support.py"])

197 for row in rows:

198 path = ROOT / "Jammers-simulator-full" / row["file"]

199 if digest(path.read_bytes()) != row["package_sha256"]:

200 raise ValueError("Original formal package changed")

201 selected.add(path)

202 blobs = {p.relative_to(ROOT).as_posix(): p.read_bytes() for p in sorted(selected) if p.is_file()}

203 blobs["README.md"] = SUPPORT_README.encode("utf-8")

204 blobs["requirements.txt"] = b"requests>=2.31\nnumpy>=1.24\n"

205 manifest = [{"file": name, "bytes": len(value), "sha256": digest(value)} for name, value in sorted(
blobs.items ())]

206 blobs["support-manifest.json"] = (json.dumps(manifest, ensure_ascii=False, indent=2) + "\n").encode(
"utf-8")

207 out = PAPER / "support-materials.zip"

208 with zipfile.ZipFile(out, "w", zipfile.ZIP_DEFLATED, compresslevel=9) as archive:

209 for name, value in sorted(blobs.items()):

210 entry = zipfile.ZipInfo(name, (2026, 9, 13, 0, 0, 0))

211 entry.compress_type = zipfile.ZIP_DEFLATED

212 archive.writestr(entry, value)

213 if out.stat().st_size > 20_000_000:

214 raise ValueError("Support archive exceeds 20 MB")

215 print (£"Support archive: {len(blobs)} files, {out.stat().st_size} bytes")

216 return out

217

218

219 def main() -> None:

220 parser = argparse.ArgumentParser(description=__doc__)

221 parser.add_argument ("--package", action="store_true")

222 args = parser.parse_args()

223 rows = json.loads((PAPER / "data/formal-results.json").read_text("utf-8"))["records"]

224 figures(rows)

225 listings(rows)

226 if args.package:

227 package (rows)

228

229

230 if __name__ == "__main__":

231 main()
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