ET&EAMEITSESZNMLH
Tk B TR B ELLBRR

m =

FEXHEACE . L EA SR RAR IS TR L TR B shE & b8, AT ST
HUTENL AR B8 R 50VE TR B ) PG o AR DA F ) ) % 2 4
PPEIALEMEEES, DIEREEARERRIERNTL, JPB®Bah. il Sk iEks
G — ¥R RUFER o

BEXFIRIR — , 455 U v BERE AR R i 1) f Sk i) 2 P 20 o), Gl A AS Ak 2g . W]
AR A AR B E AL X, Kaa8E. TR LGRMIEIE . IER XISk AR A
XIS, e B R A SR R EAE . S =M TR B AR 40 m A R
PLRIE— KT ER, 2 rs/ M R B 20 m BERR 785 5540

BEXFIREE =, HE O SR BRI IE A, S SCORTERRM XA o A f
TEALE R 1000 m Bl 232 TiF B B A 3k i e /ML L 2142 R 1500/ (2 cos0), A RLIR
4410 1.005° I, 532484 249.885 m B 74 L ik i . TEZR SR A B B A
[, TERAN LA 37 Mgk M B SR FERIN G I 2 5 3l H]

BT =, MR R SRR R T, R 1159.7 m ik B
N SR EIE 984.539 mo £5EORSF AR B IE AL BT 15 B MG A5 1k i 5 T UM
RIRBNHEE, RSB B 5 I FR S R A E e RS . SR 4 A5 R 13+
15+ 10 AN, SPX 8 Or 5 RE I ) A 238.075. 232.889. 290.686 s/~

EEXFIREEDY , DAALE 5w ) R A LI AR Y, SR 31 AR A E . T
DA 5 WA DI T B, IR AL A MR BGIE R 49 SO AS T RGESE . ZIK
IE M43 A5 R 13 104 14 AR, “PXE ML TERRIN [ 24 720.171. 927.130. 614.884
s/ o

SLIAAR I E BT g test HRMIAM IER T AN MGG, Rtk 75 A
U5, BRI o 9 03 T BRI P-4 I 43301 Ry 249.873 5 736.268 s/4,
% B a] 52 OB FERT Y 74.47% & 81.38%.

KEIE: ARRE: RaEhn: R MIER: B 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—A IR E DR B, B 5 A I 5 R DX 5 0 R . 7EJRIIE
PR A T ARFH AT 1Y S LR

(3)  WHEARMW R EROTE IR AR, eSS BUES T TRE
PSRRI, IR E T ISR

(4) KR B emS5EmBEIRANEE, SHEEESHE L, SHMENRAEE.
ENL TERRAEE K ORISR
B = PO SE =R IER IR . AR SUIRIE A B H B R EHX MG, 5 R IERR
B PYENLIERRI R R a7 i al
2 [BlgR AT

VY i) o, B LAV 234 B 2 JRAE LR DR SR AR B E 5 2R o IR — BRI O R R T 1R 22 Y
WERZRW G N EE T HYOR I B BREITT i, ARELE HiME— L E: AMEEMIX



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

[ 0 = A4 2R o T 7 ) I 37 3 B R A AEE 5 RE DRAS o A SCUUE 3 SRR
PR C R E Z TG DI A AT RE AL, DA M T IR i 1 B, I8
W AN HE R A R BUE S5 5 NS5 Z AR o

[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.

PER 1 1 4 B 3
T/ LA 5/
e L WA /T
i L2 Ik 4 1
BAT— A 3 1 WP T — % o 55 F
B SR B/ E/ wE | Il
S I

B RTINS AT S S HE R PR R R

3 BRI
R 1 PRAOALE. BE. RS A RN E AR TE — RIS RS, S[R3
EEAT X5 SRS S s f 3 E b vk — 2

RBE2: R LERICEERS, 2B m 2 Hlas N BELKE, KRl . Sty
SE DL T B SS E I B AT T

Rz 3: JUTPRIE I A SR BB e B 5. Do i L AL N R iR
7%, FELSAIIN derr = 1° +0.005° 0 ZFFHINEL T T ALBE 7 18] BE OB (LA N IR ZE

R 4: R S PRI N s AR bR AUIE S WL 45 R B e 5 o

fBBe 5. £ RIAR 5 AT WAk P23 SR AT E S0 AN B S 39 S Bl P AR AR o Bk ot L
A R AT 00 1 5 2 R WA B ) ) SR E
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Il =30 A B 24 SR R E R B AR R S 1 S T S Ik
4 S

£ 1 EEF5 R

5 P B
QR TRALE B K H R, R = 1800 m

g, Sis q HIRNLE. CARNA RRam s m

0;, 6 TN B AR 2 A FE B
u(a) PN 5 ] ) & (cos a, sin ) _

Wi, P 555 4 /I ) AR Sl B Ak A Al g AR -

K., p* BB ¢ BT AT 0L E SR AR ST A M -
D(P), m, p RIGE AR B/ 3 5O K m

R_, R, ek N BSR40 10004 1500 m
Q(K) XA K PRUEHI AR I A5 X3 -

l, € WA 2K A O B B 0/ V2 m

Y, H TR 1) B 0 I G RS 4 B, A
LT % B 5 P B B S KRR m, s
N, No, NFUNS R 3085, R Ih iR JRMOBRRIKEL "

T, Trea SPE4 58 (L 1 BRI 8] B 12 4 7 I ) sI, s

A S = A R B AR RCR AT s i ° RSB NI . iE [a,b] = ab, —

aybe J AR, Ble,r) Hyb AL
5 [ERl—: AREREXSEMNSEER
5.1 FiEA A A

ZERIN A 50 = (Sie, Siy) TEAL 0;, RIZLREWRE ELTTHALT [0 — 9,0 + 0]
Wo PRI AT A7 B I T il 1) £ 3k
[u(0; —0),9 — 5] 2 0
Wi=q9:[u(0;+9),9—s] <0
u(t;) - (9 —si) 20
SEAERYTE N ax + by < e, HEMIRK N
(sin(6; — 5), — cos(6; — 6)),
(—sin(6; + 6), cos(0; + 9)), (2)

v

Y
Y

(1)

v

(—cosb;, —sinb;),

4



Fvm AN IR E s BN, 7E0 < < 90° B, RIPISEIRERTMEMAE; F=258
REEE T I, HEFIRZEBILIH R SR IE B & Bk . R IER. REERTH
AT 0°/360° AL,

W] L — ) 22 T 5E D K A 58 LA

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

i=1
2 (3) AR I 1)y T S el — ) s L X e R SR I FE BRI N Q Bk
PR AW PP A, RN B LB ARSI ETRE.

52 XEE. EEREFER

LLIREE = 3n. WMEBMFRAPATAR ax +by = cv de+ey=f, BEZEA
_ce—bf _af —cd
E— P— @)
IR B R 2 AERN AN, BEEEMRASEMENERSITRES. S TE
B9, DRSS TR R EEARPRE B BUEIR 22 I PATiafis 5K, BAHIT
Ui A8 A AT BE PR GiH KIS LA

X AR A SRR HE

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

wREEEME, Wg+tde PXFrGt > 0850, REILR, HREHA tooo YL H
HEHFRAL R AT (b, —a) 5 (=b, a) BEWHLRFF RKAEKX AR
—ANET A E AR S HEGR EENE, MEAES RN TEILR S NR T, WA AT
FAZ AT LA 2 o TOVLINE N AR I AN P TH ,  AHR 2 AR

AR XA, —ANTER R A, WATEX LR, ERAMNZihE. S48
WAASCEXM AR ERSERE, )7 DR RS NAAZS, 5T & A5GE .
W22 e N .

53 ERES5EZENFIE
Al 1 (R EAR). B P =conv{vy,...,v,} FRZEHH, N

D(P) = max [v; — ;]| (6)
HEWL AR v,y € PR ANAEG v = D0, hvis vy = >, 0. T RYIERELA
A1,

lz =yl = fé}:kuwﬂvi—vﬂlSlgydwi—vﬂk

1,J

Z it (Vi — vj)
RIS AR BT P, i BRI, O



LT RAEEA XA IR R, HEBETREXE, HEER O(m?).

G 2 (ELR BSR4 AR, BURITA a,b. 4 D = a— bl o= (a+b)/2.
EERST D MESE S P, 4 H0Y

max |jv—o| < D/2. (7)
veV(P)

LR, 242 D/2 B0 2 BALE a,b, W D < |la—z|| + |z —b| < D. %538
il z =0, JuZ, BE#FME, GRS e N,

]

AL, R AN R B & e = max, |lv —of| — D/2, FTEiZEE
M7 TR 2

54 REISTERIER
iD=
A=(0,0), B=(40,0), C =(20,20V3). (8)
HE® 40m. LI AB 9EARH G (20,0), 4205 20 m, {H O £ [EOEHE DY

20v3m, TR, H/MIERELCH (20,20/v3), K4 40/v/3 ~ 23.094 m, [FFf
KFmsEz. B2 JRRPiZE .

o RUNIEE: p=40/V3

S HREE: r=20

AB=BC=CA=40m

B2 i =MEmER RS RN R

IR AT BB £1° M s k. IR I A (—1000,0). (540, —500v/3).
(520,520v/3), XRI/RIEIEE S 1°0 121°, 241°, KA —0 R4y = MM = 4 0%
%, B RAEEANZMY, MRER N LR =M

Xof— e e X3, & /ML [

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



HiAHREL =AW RTE, 7T Welzl FEALNY B FTHE (4]0 SCOUCR A B 2 Rl
P B AR, IR R AT A SRR SRR FERFER S, &5 p(P) < 20,
T om WEERRV A E S ATRE R FR R RER R p(P) + < 20 BIFES HIHE
D(P) < 40 b B4, HHAER D S54F

55 BE—RERE

Bk 1 AR AL S EEEAE (XA algo-1)
N A BUERRI R s BERIRZE A
Fdhe KECIRZS. Dis. B, EREHE S /MBI .

LW ZE, RETES s AME—RAAR . AR 3n 251
2. MARPATIL RS R AUOR B 2 L R
- JEAAT R R 2 A AP e AR R AR D) ) IR TR S TR ST B
COMIATRERE. R, FFXHE. KB gL D
ARG TR Y, W Dy Hl o, KA EKTAEE o BB A D/2.
COREADEEE, ERASRALBEERE. AW ERST

RS AT OR?) R, 8RB kb RAW, EHEER OF°): MERIRTE
O(k*logk), BAZMZET O(m?). Welzl FILAEREHLHES T BA B LIER ) o ZRAFR
P A/ DRI, MHTN O R HE S 100 AR B8 RFU R 1 T 38 50

6 [BRE—: PRIEFEUTRYEE — A ki
6.1 RENEEASLREXE

BERAROREEER (s,0)0 AR BRIRE MBS, 1 B R BEAS U 5 A o 2
Wk BR, i

W

AN

9,1

N

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

H Ry = 1500 AARFEMCEE AR . direction XHMFEE AT 5m; 3K (10) KA HM
PG, AEECSCA AT AL BARL L S e 4EI IR SR A

SR B K € X
Fie(q) = maxlq — gl QK)={q: Fx(g) <R} =()Blg,R). (D)

geK

2 XA AR R BT AT AT RE L IR SR MEWCE B N o Fie 2™ B8 HOA 1-Lipschitz,
Al Q(K) ZRiMEE. H (9) I

QK)#2 <+ pK)<R.. (12)



X 2R 2 S AT YRR D d /N L (BRI (S
FELHIMINE LIV FERE R, HRPFREE . a8 M. B4R r, 5M)
Z IR0 rsec(m/ M), Fe R [ H B AR S

en(r) = r(sec(r/M) —1). (13)

BN M =192, BTREANMEBCEEELDES, BIERE K C P FiERIML
LN P W /NMB IR B(m, pou)
M=, T Raefn

Qin - E(m, R_ — Pout — 77) ’ n= 10_3 m. (14)

EE g€ Qu HHEE gL llg—gll <llg—mll+lm —gll < R-—n. B =AM —
JE A direction B near. FEMIEIEH T pou + 1 < R_s MRIEXIEARN, 7L
HELCE AL, PR T X 4o

6.2 EXEEAEBRBETIRIER

AR ML DR RS R, BERQ, %8S =W(s,0,6) N B(s,R.).

W0 <H<45°, &
R,
a:
2co0sd’

Gl 3 (BT S ML L. LA S ML FELTEL Y B(e, ).

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

ER. fEBL g = s+tu(0+yp), HF0<t < Ry o] <60 A [lg — cf|” = t2+a® —2at cos oo
BTt Ak, RAREEX SRS, ¢ = 088 o ¢ = Ry AR
R? +a® —2aR, cosd = a?, WAEBPEE.

BHGAR =5 s, py = s+ Ryu(0£6)e AT Ae = 1/(4c0s26)s Ao = 1 — 1/(2cos? )
FERHFA 1, HIAF 0N co ZEEH ¢ B a, SHEERDG 2, IACET HE%ET
A+ ||z = cl*, WMELS— R 2 BT a0 (TS ZENELEIRNT a. 0

MY K CS, T

(16)

— 1500 1500
qe B (s + )

2 cos (5u(9)’ 1000 = 2cos )

B AR E R B — P BB X 3 SE B B A 4 1 mme SZIRIEEAA AR Q(K) B —
AT

TELR LIRS Q R 5 se BRI AR . 18 5 RE AR AR AT 36 K 0 Y Pl [ 5 3
RHIFET R AT ARG ORIE e, 2B R st A A E A B 2L
(LESE



K2 fEtrafZa mik6) B

R OB T R a/m RIER /M
1° 750.114246  249.885754
1.005° 750.115391 249.884609

AT 1 ) B /) L

PRUEFZN e 45k

S ©
\\\\J/// T AT A S

P38 S € ) RE Al R R A

B3 3 AT R A LTSGR, R 17 2R TR —ABAREL 22 i o



6.3 ENBRIERS BRIRE KR
FRAH A S i AR

min ( sup  p(K1N0O(q,y)) le =rl (17)

quin ' 5 ) ’
y€YV(q,K1) lex

Hp B YFHLE ANLE, v RRATREWM, O(q,y) MMM MITTITEE, ThREREE
PR el AMEBIR RS, /DR IFES o J7 4 KU B A, IR EE A
SZHB(q,5)0 XHANMANAS 45 A1 5 B e MRS B B 2 T R oK

LA /IR R TSR AR 5, 4 SR A R AR A 7E3C (14) 0 R
AR 0.4,0.75, 1.0 AR _ERBC 12 N5, MAEN (k+ 1)2r/12, 3537 . %
BAMEIL ¢, 78 PO R LUAKRT 60 m BRI FERAE, 8RR MR RAERE g
M2 SHL bearing(q, g) £ 0o, THEFT A G MHR/MILERER, I 555N near 4337
WA EAE R T(q)

WAL (J(q), lg — pll /5) T/ NB L, SRIGFFIL S RAR R BEINE 2 15 m A HAT5)
INE RPN HEE L, T A FRAGGE SO E RLOR s B ARl (14) 1

o

B 2 DHER I %R (Y algo-2)

BN ERS SR E, SUERCE L S AML s YL E .

Bt TR SRR KR RIER S .

L. WIE AR ER (10) MAMLZ LK EEHH AR © A ML

2. EE/MIFE B2 4R b = 1000 — poy — 1072,

3. 4 b <0, FEMREXIRIFELCEIMLN : TR 37 A2 2 ik 5 o

4. b4 AR R 5 07 T A ANNIEBE B4, AR E T

5. HERAT e BRI RRIEE R, FFLL 15 m RAEEHBEE .

6. HRAFHULI 5 BB LS near AIEMIIERR . direction NIARYE &/ A2 P E T BR BB N
IR
GARIEECN Ny BRFEARECN Nyv ZIHTRTSECH m, —KEETH O(m), Bt

HRFZN O(NyNy(m+ Cuvec(m))) o BFER 0] — 1 A A 5 d5c/ VL Bl BT 7 35

SGIBRESUNIZ LR S K R 7 3vin
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7 Ol=: 2R ENESEESEEE
7.1 G—BtEBirS5ESIKRE

BB 2R BIEER N L, A eIt IR BRIKE 350 Nony N, N N
B B shi [ R b BRI . S IR A

L
T:g+ﬂN@+Nmeﬁ+3N; (18)

oAk B AR 7E 4R IR TS BRI 2R R e /ME To 0 E S5 7349 58 AL G BRI 1]l T =
T/NF, AEME. EO 5 ERIRIFEN . WERRERPHSUETR ERET SR, Wl
PREFISUBUE : #E 5518 H B BEADUREI 0%, BRIEE R T4 05 ) Y T IO A A R

FHERPRZSHE RN C LT W 5 ER SRR CIETE IR . 15 JGR A direction
Y, near RIESZIZBUEAFFEIR . H/)NEl B[ A 90 RS TG BRI AL, J8Ch i) LK bR 25 B
Cifkr. BUBRIRIEE IZ, SH AR SSRG9I, A E R E T
o

72 tREEMRATIE

Bl mi AR
S(a):{(0,0)}U{a (cos%,sin%) :k:O,...,5}. (19)
4 (LAARER). %0 <a/V3 <RI, AR g € Q BURIH AR A H

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

IEB. ¥ g BRI SR v, HOTOL S HaE b i M At 7/6. % r < a/V3, HEEUR A
BIAf . %57 > a/V3, MATEEH, ERIEHEHRET AT r? 4+ o® — V3ar. %M Ik
AAE [a/V3, R LRI KRMET o, 5518 o?/3 5 R? 4+ o® — V3aR. O

Ui bayes FHBEEL a = 1159.7m, B (20) 5 Deoy = 984.539136 m, i /NMEE
B/NZ] 15.461 mo BG4 ) P 2 /DFE— i ol gl . SRS 7Ll &5 o oS
B B O IIGE AR DRI PR IR o DL . BT AR SIS A MR AS EERE L i
ST A% M 0 2% A T AR D 25 R

TN DR R T 0] 75 AN PR3l R R S AR Ok 6a0 145 S i 45 v 7 Sl 18] #8 3l LK RE
B BRI )RR Bl 3[R 44 8 o
7.3 ELMMBHNERIERR

AT EIPHELE ML P, direction ¥Rk S B(s, 1500) ML AT K
A fIAHAS . near 5 B(s,5) AMIZMIEMAZ . £ M no_signal FEIKE

g — sl > rerr > 1000, (21)
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FL: WALEA SR
ME2k: NulifrfElR
EAEE: 1000 m Y HRIE

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

B4 b a2 5 0l S A 1 P o 4

HEBR [ 5 T AEAT A7 X R AR B AR S, SR PIASIRIE LR Ge 7 T I SR Al 2 1]
L, R OR B 8 T LAs 5 A M A

PRI £ = 14.65 m, G IO SRR R IRRIERS R ¢ = 0/ V2. BRI T
AATREL Q ARSZHAS, HELUT S HERR AT T O 2

no_signal: |[z—s| <1000 —¢, = MiBk;
near : |z —s|| >5+¢ = MEE; (22)
direction: |z —s|| > 1500+¢, = HHEE.

J7 WL 5B AME A f 25 45 d = ||z — s|| > e, TFTHERS SR H T il 25 7] /Y arcsin(e, /d)
EH SEICRAIBER NS AR ZES,, IR SRR BT AT RE T L. A AR
1 Oerr JIAR A A M IS A BRI o

FIRHERR S A R LR T TE I AS AT A7 o R A it S R 2 I, I TG T
TR O |2 — sl| > 1500 +¢,, WFE s MEBLEES, HrFFEEMED
Tes/NEWRIBEAN, HI 5 BYE 25 A%, AT 7ems R ASH FE PRI % HE I 25 1R,
[OREE=R ISR Rl RSE & T ing TS

74 ERBmikR S5ERFIE

el — A SE 2 SR B R B L RS U 5 s I =Y BayesLoop #E— bR A M
Rt dl LRI RIG AR o AFAEPRIESCIRI BN, 7R H N AL BRI TRARIE I A 78 214 Al e
7 1) BRI HAROUT R RIS S /NG B B A SRR TSR A R ISR A I I
UMW E SRR A, IREBINE EIE M SN T XMk ¢ THE

=E
J[(}(Q) |gc| 5 5

12



Hep A = 0.05, 250 SO IER/MEBIT . B/NR B SRR RO B AR . B
SRR o9 & LR ZE T I B 800 AFHEA & T MR BE. FF IS
rerr € [1000, 1500] A THEHOBESR o % PSR A B RS ERIINBUEL . SRR
TR a3 K ST

TEER AW ] e B e S 5o IR IE SR A T B 9

pe+be+0.5 < 20, (24)

Hr be > 0 AR R IR R, MZUBESER, o BHEMIEER: b5
0.5 m HkFI S BEM LA B . & ORME IR TS, dar i

Parid + €5 + 0.5 <20 (25)

IR TR . P peia MRS O IR MBI TR AE—FE 0 55 RV AT B T
FRamle FURRIREEAE, R RO SO E PR A PR Ja R _E R AL
XA, Z M EORIE R AL
75 FRURE ERSRENESHF

GBS REE = RS it RN RPN E IR e Rsk
PRI RR o Sl A I ST 8 AT e AL wiAsE DR WHESS A L AR
oA

k-1 — 0 k
C(r) = lp 5qm|| s M +3 i, (¢5o0), (26)
j=1 Jj=1

o e 45 IS IA] ¢, ARASE NAT S5 I BB, TEBR A BULIZIE . R IE SR FI- a6 BR
NPT 4 FETT IR A 2-opt B0t s BRHRHBT ST F A E RS . B2 H N5 &
WA o XA R DU W Ja B T B e R EL I8 0 Y 1A A0 # e % I 503 B
%o

CLf SEAL B AT OB AN - SR IERORAEZ LB . BB ORIE AL AL T RE L
Mrie, HBNEA R mWcds . 180 e 5 A A5 4t i), ol as ok B 174780
ShFeEl. REBLRE E IR S, PRI S R A I
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7.6 BEZS5REMEH

Bk 3 b MRS SIRSIAE (XA algo-3)

N ERSHG Ui SERIEED . e BBEAPIRS S £ ST

L s R AR, WA BUEIRZS . R DPIR SRR A PR R e 5 -

2. BENJEFRBERAE. BUE R FRILHE, B HITAE SRS .

3. MEEELE. EAATERRES : Bl ARG IE L5 SRR .

4. HEET A TR 2-opt HEFF . BUTEALS . BT REENIERE.

5. EIRTERAE . AT IERR: ARSI EFRAS, RIGIE hL i .

6. 4 CLIFFR 16 MR, s MPUEY O FREA TS G . MR H . AR EER 2 A
JE S A R A A PR
THEREGR R 167F AR R SHMERCATER 16 AN REBUE, 4T $2THE

FREARRMBE, B E % BN AR G RR I N4k SEAL P .
BRAMHATHEEZERE . W& T RECE. HaTEREINAR

eI EFRROY 8: 45 AR s ARR , IER S IE RS R R DA%

3R o] LS TG g e, PR B I 8], UL BV EAE I LB Rt Rt T it

] H1 B 7 Gt e %

8 [EEM: REFEMEREBEES MR ER
8.1 EEMWMRE S TESTE X
BERBEMT g, WA o TEMMN ¢ 7T IR ESRM4H
lg—gll <rew,  (¢—9)-u(y) 20. (27)

SRR T WA . W)L H BRI 5 m R [Pl near, fRMIJiR Ml direction; {FAd]
— A FA R R no_signalo [HIRE Y AAT X E BRI, € [l HRIN0E T i 2 R
WP A 0T O RIMGE , LT 12 X3k Ay i) 5200 0 52 Rl ) o 4% 5 DX 34 ) SO0
0 ) ] s 5 P S e O AR

] 1 42 55 B 320 5 R T A [ A B . R TR A RIS NS S B

piis
Vg e Q, Yy e€l0,2r), Is€ S:  ||s—g| <1000, (s—g)- u(y)>0. (28)

$E0 157 DU A DA R 1 M 7 1 e o
82 AMRERESEST

B Sy = {(700i,7005) : 4,5 = —=3,...,3}o HMEFTHEE Q, BNEFEE-EN D
K4 700 m (R FTAE A
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AL S (7 4 VU A1 B0 E [ B 5. Slao TR 2N (28), b4 [ 55 A 0] ) )R ) LR RAIE 42 B o

EH. Bt g RS A v, .., vae DUARBE g B X 24 700v/2 < 1000, H
Ty %mﬁﬁf‘]lﬂléﬁﬁa ﬁﬁ Ai > 05 Zl A= 14f Zl )\i(Uz’ —9) =0, Xﬂf%ﬁﬁﬂrﬁl U EXV‘]
B, BY  Nvi—g) - u=0, MATEMNANMAEHE (v —g) - v <0; BD—MALTH]
e P AT, L) A B A A o O

PO OB 7 5 L RS0 3 0 07 2 A S AR o
i ER
83 ETFHEABEN3 AHE
i directional SZHIR I o4 _mincover_v2 P, YEMEHEMA s; FIBSHE bRk
25 (g0 ) 1S SURIRAERE
Aij =135 = gl < rassiens (55— ) - ulw) = [15; = gill sinYaesin .~ (29)

ol R T 5 O B S Y

min Y oz, > Az >1 (i),  z € {01} (30)
J J

R SEAE S B0 0SS TU ARG sUMBRR IR (6], 433 31 Mufif. BertBrBefi i

965 m PEES 5 5° Bl AR, BedE 15 m ALERIEE. T2 AN RSRAEE . WIEgE R

AR 3256 200 AN EHCIRAS, BINE IR L0 990.051 m,

y/m

ek : PR E S
WA 31 MG

r/m
B4k S TE R A
FH T 1w 20 S 558 ) 5

-200! 2000

B S SEDU IR ARG S AR B R 31 AR I 2 PR L B DX e
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MNESHUER S ) RSB N, W RN B S W R A BB IRE . AR SRR
PEE SRR BRI e, SCRR i BRI A N o, 8 Sl S SR A AL E
do HIZMAEXSAALBERN LR, —HRmaFM0h

d + ¢ < 1000, (s — gi) - u(vh;) > €+ 2dsin(a/2). (31)
SREEFIRE B 5 Q B HIN o AR 31 jJT SR AT A B ma i, X 49 miT 5%
M _EiRESE wE M EEHE IR Z R BPRAEAR R TAEP I8,
8.4 WESHEIKESIRIERKTERH

X RIBE, TEARAMGE L B RS Y ol 2 BiEAN B = 24 g, #5808 15 &
M, AT vl RERA S ) RS . 77 1) 5 e BE B WL S BB 2 B PR, FE-OR B VT RE A e DU
AT s Jofs S U TEEARAL T 1000 m RAEHCELA . A AT HRSR 48 7T LA 5 1]

L B = bearing(z > )+ Ay = 7.5°, #H LR a., EEENKER 7, = 15
UL do Fon Bl i/ MR 22, DRSFORBE S50

MM do(hr, B) < 90° + Ay + 1y + s,
ﬁlﬂﬁ'ﬂl?ﬂ“ do(wlmﬁ) > 900 — Aw — 77111 — .
S AR B S AN AT WLy 1) R e DX E], HERREEAS DX Ta1 ] WA o A O BE I i
VT, AW ITALE B SRR, R AR . FEE IR T, BB E R E R
I AEAr B RS B AT TR A AR AR A THJR ILEE 10.2 77,
8.5 FIIETRiESIRRIRE

HRE eI 0 AR SE R HE P R R o XML ¢ DAR gl A B sy i BE B A

(32)

1, d < 1000,
w,(d) = { (1500 — d) /500, 1000 < d < 1500, (33)
0, d > 1500.
i0 G PP BERALE, b.(q) NSHRIIA g MRAIGEE AL, SR ATl WAAL
1 b-(q)
V@)= ;@wxnz —al) 5~ (34)

oy BE 24 JRIIRRAEASEL, b.(q) IR BRI A 5 BT WA XSS SR . %A
P T R R A e AR O DAY (o

B R RLAE L 2 4 IR EAE R SR THIRIEIRLO R L, BLK 0.5p, p, 1.5p 242
ERNTT AR HEBR BB RS f5 . PREVR IR B AT R K (E 70% MR, JF

M
lp —qll N g —m|
5 5

+6 (35)
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BN o WEL 6 SR AN BT R E 25 P03, LSRR AT Y AR E T I
T G S AR 5, PR B KR SRR I R . BRE AN AT, IR A 2. %)
PR SN R BB E M E o FR B I 4 N 56T B 15 ) 0 P o0 A% 7 5 14 o
8.6 MiEBHABMRSITEME

W RCED TR S 8 Ik, BLELLERYIR s IA R 4 Uk HAgSE KAk, S
FrMEE S DR DK 20 m T E X, REITE S S HTHR T, HLUAEG
YERTEG S MR — SRR O BB R

lg — z|| < 10v/2 < 20. (36)

g S EE R, RERFAEELDEY ., BRERLE —REIEHE 20m N, #%
B AR 0], B U B B4 1 32 5 ) D) 3 5

FAOMIMESE . B w, h, PRSFASE AR

B = (| 55] +2) q%w +2) . (37)

MRTASEE R A 400, BRSBTS Neen trr1.05 + Lroserveo MBI FE R T b FR E Bk
WIS AR AR AT ER RN Of B i B E T B o TR XIS I A%
Hih e bR BSR4, B A&7 0] ] RIE 58 B TR Y T B o
8.7 BHAME&RIEEMK
Sk 4 R A R A SRR G algo-d)
W BAEEED, @ EWE. il CEREGE. RBIE. 5 IR
Lo Bt savtdl s BRIA 31 L B BRI, 49 s A ESHIEN .
2. MR MRS, S ATBUE G SRR 0L
3. SR B U S T T L
4. BRSEHRO BT RIS WL AR SRS
5. EPHECE (LSRN A AR S S T, ARV T 20 m 75 A P T R
6. AT 55 450 E AR MR IIGE 3 T2 BNIR H IR 2 T BR A RS IR

[V PG SR 3l A B A ) 5 R SR S5 HE P o A AL E S W LRI R
TSR E W K S TE BT . I DL SRUE A AL BRAR AR 28 1IN i H

90 EBEAEXNMRERSHIEDHHE
9.1 SRS IFMNIEHR

SEH SR B U7 AL £ Janmers-simulator-full/test HRHHI AN IER T H, A4 ]
= A= &4 SHA-256 180 5, S ETTRIG S 45 RS0 ER
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SGETHIER LN R R [T]e B iS-5 ST E S TR 5% Ao

MR EIGEREOE NS P EN BRI T BB ] Thea, LARAS .
PR ERSVERE . o T =T/NS, il T H8R Bit, Tea KRBT
R ZRME. SR LR 450, i3S RAs I EMiA.
92 [PIBM=IEFERER

#3  ME=IERIEASE R (RRAAL: s, SPIYmREALL: /1Y)

Wt MR D HRREC PYYEIBRRIE F2 1T A
Mk 1 9HU7-UWJR-BPTR-VYAT 13 238.075 5.596
Mk 2 7TCG-C9EC-53VF-HZ5H 15 232.889 3.024
Mk 3 UVUZ-B4MQ-XSUV-HQFP 10 290.686 2.680

SWIERMAS AR 13« 15 10 AR, Rk 38 A, SPI4 & R BRI 1H] 43 31k
238.075. 232.889. 290.686 />0 = Y MU 18] 2 F 2 9495.176084 s, 1% K% &
BRI~ 3410 8] Ay

_ Y Tas 9495.176084
TUSLNG
e ZAROVERCELY . 155 253.884 /4o IACE R B 4 0 L T BR TR AR P 24 I6F 1] Je 4%
ST B = A R PR R

55 SRR R LI )k 2906.863 s, FEAZH =i ded s HERECRh 10, A
FFEEIIS ] 290.686 s/~ TERREUE 5 S ) Tl 3L ) P SE SRR 1], 6 3 [R) I 47 15X
BOHERR UUBE LA . FEFFIBATIN ] A 2.680 & 5.596 s, Sl T AL 42 i) b () S B4 5 3
fHITH.

9.3 [EJBMIIERLR

= 249.873 s/4~. (38)

F 4 P IEXNALE R (RRAAL: s, FIYHREALL: s/4Y)

it G R TEERE PYERLTERRIN ] R FPis T Th]
ik 1 VQUM-ETQ5-74PP-ZQ3J 13 720.171 7.668
Mz 2 SKST-TRWZ-BPR2-ECAV 10 927.130 5.724
i 3 K58B-V5VC-E4EF-CRTW 14 614.884 6.051

SRS TR 13, 100 LA, BF 37 A, A5 B BRI I 4750 720,171,
927.130+ 614.884 s/4~0 S REBU ] F1 4 27241.909918 s, AR B AIAC P35 B6F 1) Ay
Ty - X T 27241909918
tOXLNG 37

= 736.268 s/~ (39)
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SN EGI R EEACTE I ] Ay 754.062 /4o

SEUIERRECN 14, BB R E A 8608.382 s, ARUF P [A] A 614.884 s/14™; 1
AHEARE, HEREERS, PYEMBRNEE. BFEITrER 5.724 &
7.668 so B ZEBIASE AL W T IR A R B AN 1) L) A HE R R S

.
94 HEFEIISHE
HER (18) T, BRIR BN

Twove = T — 5N, — Ny — 5N — 3N (40)

5 Q3-1 Frn M =58 —RIEMNA , HRG SRILRHME SR AY T BRI
B F . ZahfEREE K (40) SLRIEHE R 6 HIFERS 7 o

5 ANUIEX MR S8 57 shFen

) RN B RINOERR SRR E/s FEEhEs BEhhite

3094.978 2408978  77.84%
3493.335  2725.335 78.02%
2906.863  2164.863 74.47%
9362226  7277.226  T7.73%
9271.302  7101.302  76.59%
8608.382 7005382  81.38%

Q3-1 105 96
Q32 117 108
Q3-3 117 107
Q4-1 349 275
Q42 361 315
Q43 264 213

S O O o o O

o I
o> I >

o> I >

o+ I g e
o> I ;o
o+ | S -

0 2000 4000 6000 8000 10000 s

= f23) iRl - kR

6 ERMNAM Rt B RRER 4 . B Bl i) fr AR 5 & 3T O 5.

AU, s a) & 2 LRI Y 74.47% & 81.38%, & 3T A] il As . o)
=R KA 105, 117 117, [a)f8PY Fy 349, 361, 264; JRAERZEMF, ¥ £ R i
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T WIS A B S . B, SR SR [R5 RS D Bl B R S e v B O
IO EYSEicE RN

H1 Leq = 5Tmove 13 8 = IS RE SIE B AR N 12,045, 13.627, 10.824 km, 1]
VUK IR M 36.386~ 35.507+ 35.027 km.o ZFHES HE 75 I H T8 L sl BETHRL . A =F
PUESE LUE TT R A0 R AN AHBR, SRR IR =60/

9.5 SEIRLERTHR

AUIERMIR R HEER 75 MR, BFSTET 2.680 5 7.668 so 75 FTULIH)
SHemER T, LREESEBMEESMESE, B3 232.889 & 290.686 s/~
Ve hiiskRIna s ARG TREGR N MRS 55 5 s T igER, #73) 614.884 &
927.130 /> FIHH B 45 5

9 2J% 10 R P 3 ) R AE R AL BB I LU . B RHET S B TR AL A
BRSNS, R BT NGB I SR 2 . e LSRR . RSO s
A7 I8 1) 43 9] S N R AR 155 AL FRAASE 55 SR AE TR A, =58 SRR M BAS ST S 3 i
fro

10 BTN SHET
10.1 HEREMME

IR AT B S R 2, RN A B S AL E R T4 0. 1]
A AT AR R, D MO RE R SS HERR R A4 IR Rl e
BORFIR MM BRI, Il EMAAEAME BT T4 JUTEN. BIlARs
IR A — RS IZ IR K .

%IR8 F R P 35 S S A AR ZS R B L4 25 00 A8 R B o A 7R mT b3 £7
W= AL R AT AT X, A5 B IS 8 T AR T da s S o TR 2 HE 7
¥resh. kil HFERAANG —BiR, TR INER 5 =R TS T

XFFEmR, 0B S S AR WG R, M A H A KRR
BB REER AR P T B R SRR AR 5 0T TG R LA A . S UOE R
b7 R AR A 0] S IR A TR SR B B TS BR B B AN I [ AR
102 RKRTAE

P2 1 B WO R AR B A 2 DL RCRAE RN S MO I Bl e R SR 0 2 AR
5 B ISR PR Sk B HOEE: . ES5HEF R EBGESHIIR1L 5 2-opt /i & . XTIk
WAL A BT S5 A SR B D ARAIE o J5 220 FH X ] 43 32 5 S48 1l 5 B AR R A
W7, GEEEMRNBRSII M, B RS B AR B A SR A o

$EL 31 RO RWESE IR . IR TTRETE 15 m BIAEFD 72 A5 ) b 58 RO L
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WE. FRAMEIRER 15/v2, M 990.051 + 15/v/2 ~ 1000.658 m, i f/ Mg
1 BAIIERI T FA R EA 0°, WA R DI hl iR sl B Y5 s mss R4
REMEHIELLE . R 1) RN ARAE S@miRE, SR CIERR 49 577
%, TEMR S s A E SRR

VIR AGRMMEE M. 7L EZ L€ Rk, FFLL joint_empty ALIHHK
IHEIESE NI, MR 25> %o A IR AT A T7 g, R gk
ENE R EDHAEGTETL IR SRS 2RRMNIRE, 4

He = HI™ UHT, (41)

IHo3 ST T AT o (AN BBl =AM B 120° Al I AT DA R] IRl 4 1) (55, A0
ASRE [ I T A [ 5 iy 1 o RIS SRR T IR B X — R, e T 55
WL A —EL o

WESE IR T 28 1kt o S 2 15 B TE B 7S 20 25 1 1 AN A2 LADRAIE BT AT SR 1] 1)
TEA FRPUAN SE M. FRERlEfs JUEL R BRI MgIE X IR W e Az 5%, 24 i 400
A% bR BR A  J i BR e JEZE T B B GG AR AL S TS B, FFRT SRR
oL R A B

PRSI TAr o AT UE MR 8 8 T P ] 2 Z IR BRI 45 RIS (HREAR
PR RE A O B S 10 4346 B 7 gt i IR S B R R AR A T, B4
BERG RAFEIRAFA T AR TTEW G 50 b PR O, [W] I ORA7 SR Al
A PERAPUEEFEE . LU THE RS X LA AR BTk -

103 SHENRIEHTITIL

E BB AR B oa0) = 1500/(2cosd) B d(0) =
T50secotand, HP 0 LLIREETE. R %R MM ALY KR BN QEE, I
R R . 22 2 80 T P BLANEL A A AR X VAT 47 I SR 30

BT (20), SRR SR K BRI KB B . BRI 29 15.461 m fY
B o J/INUAS LK TN €, FPUCE B BRE FR, T SERIAS AR AL 2
e, BRI . PA7A I ] e A2 T

10.4 FRBUHES

GHRLE T 7 AR ZE T RS 5 IR s ag 2 1% i de £33
SENL. HESTIS ARYEHTHI B S BRSO CEA W IRZEM SRR 1] X TR H AR
BRSNS, YRR S MMAR, SERHES M B R HE e
(FSE S
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A IER T 1 SO K SHA-256 K AES T3 6. 1SR AR H AR, %2 2026
AEARATE B B A4 400K DUTAEE 2.5 cm, WP E TUTIRIELH 5 [3]. i)

A EXBIEFRSEHRMA

SRR S TICE e 2

# 6 Prig b S R e A

eS|

JRAE SO 44 . SHA-256

Q3-1

Q3-2

Q3-3

Q4-1

Q4-2

Q4-3

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

fbd7ab92£78a019887£f603172ab6a39e274adb1£917£c2681£1e8073£f£47d911

formal-p3-2-7TCG-COEC-53VF-HZ5H. jlog
5d83ce87455ce22fadbcbddb60814d9b1f0be54de7bc9d0463777bad7b3922ef
formal-p3-3-UVUZ-B4MQ-XSUV-HQFP. jlog
eeffe419c3df005d0ea78c7ec2c10afed29c4bec782327538537dd7ba7914424
formal-p4-1-VQUM-ETQ5-74PP-ZQ3J. jlog
9a102295d324b5fbbaeced1c6036d13ae7e08a7d7fddb60ceb8dead24e62b15d3

formal-p4-2-5K5T-TRWZ-BPR2-ECAV. jlog

370aac9c2c5d324dd382e57e541ef0da7c5dd4759660d9ealcba8373celeadal

formal-p4-3-K58B-V5VC-E4EF-CRTW. jlog

1c7£1d111£8£fd1a1d0£608d9847c0946b1b0a45bdb7b3£487e0c6d4£4586885f

S HMIA scripts/audit_paper_formal.py #§IE T SRS E T GiiHex
VCRC, A:plsstfbsidn. CSV il LaTeX Fif. EIHAMRH X7

python scripts/audit_paper_formal.py

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

Sk A e BORTRILEC S SE i35 28 — 20 CA PRI I 36 bR I Bl

IER AR E. B S0 R B R —Ze PR AR
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B XEMMEEITHE

R OSHEMRE R R

A H % Pl
src/mcm26b/ JUME. BT Bt (ES5HEF S5EE L

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

A D YW o Eali Sl
IEA SR Gevh it oS A g
REE. B RS SR

ANMEREGIFGEH PR b ALK B

Sy BB SIS

JUfp 7= T P 5 TE SRR I ) SR B RS A

AR ETTIERHE
SPGB R 3B SCAT SHA-256

Python J2 17 75 % requests, numpy $2{ERAIZE I . H4 src I\ Python HEHH 1%
J&, T A python -m mcm26b.geometry ¥EAT [ — L4347, Bt mcm26b.cli i3
FTTEL RS . TELRIMNA ARl g R R 3, # M FPITRIEAN O . Bk
Yu e BR W 1% 611 README . md.

C STEIEFIRE
LU 2 MG 24 SR OB AR R i SRR AR BR AR e ) SE B TR o P Sl ok A Al ) S

N g

B1T7

=il

NRIAF AT SN LaTeX fp 4, STEALOR B TR AT AT Python SCH. 5L
SRILIESCIEF AL B i A BB T B

src/mcm26b/__init__.py

""imem26b: CUMCM 2026 B"JGZk B TP IR B HRIE H 3l 8 15 1k R i

B E (docs/BIEEEMIANT 5 92HHH il .md §7 BO-LHLRIS) -
- contig  AWHAZECRL (EEHESL TRSMH, W—FHEERE)

- geometry P2 MllzcorEfL. HAR. BMIHIES P2 fH (E%L)

1

2

3

4

5 - protocol  PO/P1 FE. THINMERY. ARZSHLE EPATRE R F i
6

7

8

- sim BRI MRS A R Q% D
- belief P3 ZHEMIEGES (HH)

9 - coverage P4 49 SEICT (CEHZRE+MIELER)

10 - plamner  P3 ¥, / P4 &M / P5 ElFJE (B4

11 - evaluation HEEHE 5%
12 nun

13

14 __version__ = "0.2.0"

15

16 from .config import DEFAULT_CONFIG, ProblemConfig
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", "smallest_enclosing_circle"]
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src/mcm26b/belief/__init__.py

N R = N O R

nnnp

3 BIEfG SRS RS Koo 4EfP SHEAL RS .

B AR (Sihnie)

- R
)
i

- di

SR BRI E TR R A . AR RS2 N

Al AR AT 1 2 T R —— M S T PR AL S R A, T
B, I B RS ORI AN S 46/ NE ek 4 ;

rection H#L: K_c C @ N W(s, 6x5_eff) N B(s, 1500), HLLissiH

FIFERIZIR: S_eff = IRIZLM + /RIVEFANME (IS5 G- E WAL
HAALFIN <0.005° fF) :

— no

_signal P (P4, R : FEZAHEILINZS a) ok

X SE 1 i E 2

LB ALY, B RS (e SR (P AR D
"ZAFGE RAEAETR " IR 7 25k A (coverage. CoverageLedger) %4yii:

- ne
- Jc
N

from

impo
from
from

from

from
from

# 2%
# %
_CLI
_DED

clas

clas

def

def polygon_halfplanes(polygon: list[Vec2]) -> list[tuple[float, float, floatl]:

ar A JRTE Sm N, (REEERNCAE A B(s, 5). W ELIETAETEERIES:
lear JiM): IRAS%: CLEARED: ZRIMCLIIH]"ZHE 20m MICAIEERIER"
FREFEMEB L 20m MRt LAUSEANIE ER.

__future__ import annotations

rt math
dataclasses import dataclass, field
enum import Enum

..config import ProblemConfig, Vec2
..geometry.localization import smallest_enclosing_circle
..protocol.rules import DIRECTION, NEAR, NO_SIGNAL

PHHITIERZE Ok) o AbRE ~2100, FFRREIL/NTE:
22 10 DR B S A R T T AR, SBER RS

P_TOL_M = 1e-6

UPE_TOL_M = 1e-7

s InconsistentBelief (RuntimeError):

" R B T 2 S T RSPV RE TR s BUSHU T AR ks,

s ChannelStatus(Enum) :

UNKNOWN = "unknown" # MIEABCGIERE

DETECTED = "detected" # UgF i direction/near, fREN
LOCATED = "located" # ﬂ%ﬁi%@lﬁ“ﬂﬂﬁﬁi <= 20, niEFK
CLEARED = "cleared" # TR

ABSENT = "absent" # BEIFHATEE (P4)

circumscribed_polygon(center: Vec2, radius_m: float, sides: int) -> list[Vec2]:

" EAMNIIEZ BB (MR r/cos(n/n)) . AR E B

FEliR % (AMEEE RS AES) M r(1/cos(m/n) - 1) < r(1-cos(m/n)) -

WA (1-cos(m/n)) ARICIKEIT (BEPRSFARA) -

if sides < 8:

raise ValueError ("AMJJZ G NAGE />, Sl BRZE A ")

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

step = 2 * math.pi / sides

return [(center[0] + circumradius * math.cos(step * i + step / 2),
center[1] + circumradius * math.sin(step * i + step / 2))

for i in range(sides)]

"TNCCW LAY > AMELAPEFHISIE (a, b, o), B arx + Dby <=co """
planes = []
count = len(polygon)
for index in range(count):
p, q = polygon[index], polygon[(index + 1) % count]
dx, dy = q[0] - pl[0], ql1] - pl1]
norm = math.hypot(dx, dy)

25



69 if norm <= le-12:

70 continue

71 a, b = dy / norm, -dx / norm # CCW A vkZish

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 ""Sutherland — Hodgman 42T FmisksT, (#% a-x + b-y <= ¢ + tol,
79

80 WAL RHER A B by BENFIE W IR 2, (RIE" WA B A E.

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 *x 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[01),

9% 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 e BEGE SRS R RS AL S I (TR cews Aairilfbh 1-2 g o e
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)  # AMIITLIG| ANFIEE R ZEICIK

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

117

118 B [iapis
119 @classmethod

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 A direction JRUIEANEE: Q@ N B(station, r_max) [H{RESFAMI., "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)
132 region.clip_disk(station, field_cfg.r_eff_max_m, sides)

133 return region

134

135 B Wi
136 def _clip(self, a: float, b: float, c: float) -> None:

137 polygon = clip_halfplane(self.polygon, a, b, c)

138 if not polygon:
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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
194

196
197
198
199
200
201
202
203
204
205
206

208

def

def

def

def

raise InconsistentBelief (
£ P ({a: .65}, {b: .6£},{c:.6£}) BI%S: G RTFETIE"
self.polygon = polygon
self._mec = None

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

"R B(center, radius) WAMIZMIERA GEMIREANK) 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:
nen B A A5, W(station, bearingzhalf_angle) KA (KA <90°) .

WAL S localization.halfplanes [d][141%, 0°/360° F55LH

sin/cos EL¥RALEE, To#isr 3.

nnn

if not O < half_angle_deg < 90:

raise ValueError ("l lAffZiifE (0, 90) FE™)

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)

—————————————————————————————————————————————————————————— #ifl
mec(self) -> tuple[Vec2, float]:
mrigNELE R (G, 2R o PERESMEESE p B RS,
if self._mec is None:

if not self.polygon:

raise InconsistentBelief ("fiiL[X 1 A2s")

self._mec = smallest_enclosing_circle(self.polygon)

return self._mec

witnesses(self, spacing m: float) -> list[Vec2]:
"TRE A FHRRIEEA A BSRAE AL (RIDESRIPE AT 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(l, steps + 1):
ratio = k / (steps + 1)
points.append((p[0] + ratio * (q[0] - p[0l),
pl1] + ratio * (q[1] - p[11)))
return _dedupe(points, tol=1e-9)

contains(self, point: Vec2, tol_m: float = 0.05) -> bool:
"R (A ZE T EERR IR, AN AR o
if not self.polygon:

return False
if len(self.polygon) ==

return math.dist(point, self.polygon[0]) <= tol_m + self.slack_m
if len(self.polygon) ==

p, q = self.polygon

return _point_segment_distance(point, p, q) <= tol_m + self.slack_m
for index, p in enumerate(self.polygon):

q = self.polygon[(index + 1) 7 len(self.polygon)]

if (q[0] - p[0]) * (point[1] - p[11) - (q[1] - p[1]) * (point[0] - p[0]) \

< -tol_m - self.slack_m:
return False

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

210 vx, vy = q[0] - pl[0], ql1] - pl[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) # ZmiesE (i)
224

225

226 class BeliefState:

27t 20 MRS . MR,

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 Q@property

236 def effective_half_angle_deg(self) -> float:

237 ORI ¢ AHR: RS B RGN <0.005° . "
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 mn SR S A RO B RS FOR PRE.

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 AL/ 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 # J5%E direction [RIFEPRSIEE <= r_max [Hif]

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 Nome:

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 JEZk: FHRMMIZS L (oW IER hE skA g ) .

268 pass

269 else:

270 raise ValueError (£" JRHII[H 455 : {result!r}")

271

272 def candidate_set(self, channel: int) -> CandidateRegion | None:

273 OZRTE Y R A S (PRSFAMIIEI) - W direction/near iy None, """
274 return self.channels[channel] .region

275

276 def mark_cleared(self, channel: int) -> None:

277 self.channels[channel].status = ChannelStatus.CLEARED

278

28



279
280
281
282
283
284

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

11
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59
60

iy I A AT S GBI RE ) .

BARIEE (docs/HE = DU FIZEM LML 5B T4R M T 4 .nd §1.3 F3) o SHI il (¥ SR Ik Ao
REEMIR GFUALPR: 4 17/17 5B, € 2/6) o REAREGEAE, T

e IH@"()ETHEE%/I‘ Tl DI AN E e A R —— TRk R R A

45° BrpBiiR, — BRRMGIRIB(LE] <400 1% 20 m Hif.

ALY B AFG I AL R TR R A EAE @ RYEP R AR
(:class: ~mcm26b.particles.ChannelParticles™) [fl%ENE 24 R45 R AT {TPEARD,
ME s < 8D BRA AT WIE O™ X ST PR AL

““referee.simulator._observe  ":

- B > r_eff - no_signal; FE[f HIF-EM T S5 MJeffi > 90° + no_signal;
- i < 5 m = near (x+{fF0[ I**: 3 m ALES AT E M JRF AR E no_signal) ;
- HAy - direction (I = Wikpiifi + ARIRE) .

BRI CAiRpRaT . BUI SRR RE " AAS /)

YR (A= il |
“direction”"@s PHE < 1500\ A lgapl < d_eff + KEHiE AT+ RE*+ 7 35 s
““near” Qs e < WA+ ] RE*+TEH TS s
““no_signal”@s **TW}J** (AT R R IR s P S AN 2 ) WAIBTH AT RE A*x 7 T

(DY AATE T_eff_min A L)

BB A ERHR ARSI L I Th N P A1 Fee
““asin(margin / max(dist - margin, 1)) (FHNE— SO T HifRZE FA) -

- CMRATREEEEE": T Tgap < 90° + PR + EEEAN + MAMME (TARE) ¢
- MREAEE"  SEIHE gap < 900 - BB - EEEA - MINAGE T IR,
HREHER AN s B8 (REETARE) .

PR (RLE, 0D A3 S 77 52 ELUR O B S8 B 4t o
(2026-09-12 fZIE: no_signal 43¢ JFSGIR A "W 5 LML E, ST
HUM LI ; keep=True 4y ZMURTE TAE P AAR L. 1AL HT & M LR [ 1Y
FlH1 " tests/test_joint_belief.py ™ FRIKEALILI T4 {5 B M DR B Ak o )

T
1. "“prob_detect™": %M AEHE WZMHEL—R 1T (&, ®im) H’JT@T#E‘EE,

F ] DU s (ORI SERBE ) —— G s )7, ATRIL LA TT
2. “‘expected_posterior_radius“‘: YGRS B Y MEC 245 (D1 %)
3. “Uis_absent”: BRAHES = HIEAEERE (UM, SEBIEHR—ZMG)
4. HiE FTmﬂ]rElﬂ:Jf%ﬁ 20 n {ERRAE , ARSI  42.

from __future__ import annotations
import math

from ..config import ProblemConfig, Vec2
from ..particles import ChannelParticles, _branch_radius_array
from ..protocol.rules import DIRECTION, NEAR, NO_SIGNAL

HEADING_BINS = 24 # 15° —F4
_BIN_HALF_DEG = 180.0 / HEADING_BINS  # 7.5°
_FULL_MASK = (1 << HEADING_BINS) - 1

_GRID_DEG = 3.0 # ff B sy PR
_GRID_N = int(round(360.0 / _GRID_DEG))
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61

62 try: # numpy {UA/ERIEMAGNG (5 particles —3)
63 import numpy as _np

64 from ..particles import _np as _particles_np

65 if _particles_np is None: # MCM26B_NO_NUMPY &ifikss: 5#ffi|4li Python
66 _np = None

67 except Exception: # pragma: no cover - HIEJ. numpy
68 _np = None

69

70

71 def heading_gap(a_deg: float, b_deg: float) -> float:

no e EABRARRNS ) .

73 return abs((a_deg - b_deg + 180.0) % 360.0 - 180.0)

74

75

76 def _cover_mask(bearing_deg: float, half_deg: float) -> int:

77 nn I LI AL Thalf_deg” YWY HERG. "

78 mask = 0

79 for k in range (HEADING_BINS):

80 if heading_gap(360.0 * k / HEADING_BINS, bearing_deg) <= half_deg:
81 mask |= 1 << k

82 return mask

83

84

85 # #k: Ll bearing il A 90° MYHI I

86 # — COVER: *xW|RExxfl S5 (SBpiG & NI

87 # - SILENT: s*ffjiEx+B % il (4R S5 &N) BHO IR, S

88 #  CRYELXT; SEBREETE _cover_mask / _far_mask, FHIRLFIZEHITA

89 #  HENMAE" OB PE S RS R L RIRBEHI#.

90 _COVER_TABLE = tuple(

91 _cover_mask(_GRID_DEG * i, 90.0 + _BIN_HALF_DEG + _GRID_DEG / 2)

92 for i in range(_GRID_N))

93 _SILENT_TABLE = tuple(

94 _cover_mask(_GRID_DEG * i, 90.0 - _BIN_HALF_DEG - _GRID_DEG / 2)

95 for i in range(_GRID_N))

96

97

98 def _far_mask(bearing deg: float, exclude_half_deg: float) -> int:

99 o G ff sk K FH* T Texclude_half_deg” " ARG RS (no_signal fj) .
100

101 5 :func: _cover_mask™ FH.fb: no_signal HAVFLRE "HEE A" W5 HES
102 e

103 mask = 0

104 for k in range (HEADING_BINS):

105 if heading_gap(360.0 * k / HEADING_BINS, bearing_deg) > exclude_half_deg:
106 mask |= 1 << k

107 return mask

108

109 if _np is not Nome: # 12 i popcount &FE (B 24 i) HAfPmd L4040
110 _POP16 = _np.array([bin(value).count("1") for value in range(l << 12)],
111 dtype=_np.int64)

112 _COVER_ARR = _np.array(_COVER_TABLE, dtype=_np.int64)

113 else: # pragma: no cover - JG numpy 4)3%

114 _POP16 = _COVER_ARR = None

115

116

117 def _popcount(mask: int) -> int:

118 return bin(mask).count("1")

119

120

121 def _table_index(bearing_deg: float) -> int:

122 return int(round((bearing_deg % 360.0) / _GRID_DEG)) % _GRID_N

123

124

125 class JointBelief:

126 nEGE (RLE x B BRE T 4. e

127

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

129 self.config = config

130 self.field = config.field
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131 self.position = ChannelParticles(config)

132 self.masks: dict[int, int] = {} # FERG > WL (g hery)
133 self._sample_cache: tuple[int, list[int]] | None = None

134

135 B oo Aif)

136 def __len__(self) -> int:

137 return len(self.position)

138

139 def is_absent(self) -> bool:

140 "RE RS = BIE AR (ELUROR e ) o

141 return not self.position.alive

142

143 def _mask(self, index: int) -> int:

144 return self.masks.get(index, _FULL_MASK)

145

146 def sample(self, size: int = 256) -> list[int]:

147 nn SRR SETERS (RS H IR BRI e S) o

148 cached = self._sample_cache

149 if cached is not None and cached[0] == self.position.version:

150 return cached[1]

151 alive = sorted(self.position.alive)

152 if len(alive) > size:

153 step = len(alive) / size

154 alive = [alive[int(k * step) ' len(alive)] for k in range(size)]
155 self._sample_cache = (self.position.version, alive)

156 return alive

157

158 def _mask_popcount(self, index: int) -> int:

159 return _popcount (self._mask(index))

160

161 def expected_posterior_radius(self, reader: Vec2, size: int | None = None) -> float:
162 men RS RS MEC 242 OKk) 5 DL {H B

163

164 5 :meth: ChannelParticles.expected_posterior_radius™ [A]ji%, ZJ-71E
165 no_signal 43R EMPENUSHER > reff FER, o I LY

166 ek, K

167

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

169

170 Hrp ““cover_ratio™” EMEHINIEL W REE R q AL IIRYNL b,

171 4 3CPARTE X -

172

173 - direction (FA[UL, dE near) : 4h q WMIJTHL 0, JHMCAEEZ I AL
174 BUGS MR A2 58, PRIGERF R ORI ;

175 - no_signal: JE ] PRI HBR e AN A3 G R+ (O R 00 A O Wi 1R

176 - near: J5¥H 5m .

177

178 PR EME S Tl s ox, NS 5L I EN /MR D4 .
179 e

180 pf = self.position

181 if not pf.alive:

182 return 0.0

183 if size is None:

184 size = self.config.bayes.score_subsample

185 indices = self.sample(max(2, size))

186 if not indices:

187 return 0.0

188 stride = max(len(indices) // max(self.config.bayes.mc_representatives, 1), 1)
189 representatives = indices[::stride]

190 if _np is not None:

191 return self._epr_vector(reader, indices, representatives)

192 return self._epr_python(reader, indices, representatives) # pragma: no cover
193

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)
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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 + 1e-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 mwndli Python FIR (5 EMGE S X MIE X, H4J6 numpy FREEE XA o "t
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)

264 / (self.field.r_eff_max_m - self.field.r_eff_min_m))
265 p_vis = p_range * ratio

266 members = []

267 for point, mask in zip(points, masks):

268 if math.dist(point, reader) > self.field.r_eff_max_m + pf.margin _m:
269 continue

270 bearing = math.degrees(math.atan2(point[1] - reader[1],
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271 point[0] - reader[0]))

272 if heading_gap(bearing, reading) <= half_angle + le-9:
273 members . append (point)

274 if members:

275 mx = sum(p[0] for p in members) / len(members)

276 my = sum(p[1] for p in members) / len(members)

277 radius = max(math.hypot(p[0] - mx, p[1] - my) for p in members)
278 else:

279 radius = eps_radius

280 total += (1.0 - p_vis) * current + p_vis * radius

281 return total / max(len(representatives), 1)

282

283

284 def prob_detect(self, reader: Vec2, size: int = 256) -> float:

285 "UUYE CCreader”” AMREFR WAL AT (MZE, WIFD) MMERE OFERD .
286

287 r_eff ~ U[1000, 15001 f#MTARSY: S IAHL AT ATRY AL by FETHA o

288 SUNT I RHEE . A2 BEMZ2HE.

289 e

290 cells = self.sample(size)

291 if not cells:

292 return 0.0

293 total = 0.0

294 span = self.field.r_eff _max_m - self.field.r_eff min_m

295 for index in cells:

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

297 distance = math.hypot(reader[0] - gx, reader[1] - gy)

298 if distance > self.field.r_eff_max_m:

299 continue

300 if distance <= self.field.r_eff_min_m:

301 p_range = 1.0

302 else:

303 p_range = (self.field.r_eff_max_m - distance) / span
304 if p_range <= 0.0:

305 continue

306 bearing = math.degrees(math.atan2(reader[1] - gy, reader[0] - gx))
307 cover = _COVER_TABLE[_table_index(bearing)]

308 bits = bin(self._mask(index) & cover).count("1")

309 if bits:

310 total += p_range * bits / HEADING_BINS

31 return total / len(cells)

312

R e W
314 def _apply_heading(self, station: Vec2, keep: bool,

315 within_m: float | None = None) -> None:

316 ] WAELY R BT AR (PR SUN MRS TTRE IR .

317

318 ““keep=True " (direction / near) — HJj[MJM/fix* 1] fE+*5H 35 station:
319 RESTTARMA < 90° + p + EREHEN + BAMAMHEAI.

320

321 ““keep=False "~ (no_signal HEAZWATE r_eff_min N) = Fj[ A7
322 **ffj A Tikx station: HREGI7fFM > 90° - P - AREN
323 - A& AR .

324

325 N MARE = asin(margin / max(dist - margin, 1)) BN
326 ARXSAR O 7 O 22 L3 AN TT AL AUENE . 2 i I B 5

327 RS (keep=True Jiil) HifREELIRT WIEY (keep=False Jmil) -
328 mn

329 margin_m = self.position.margin_m

330 doomed: list[int] = []

331 for index in self.position.alive:

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

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

334 distance = math.hypot(dx, dy)

335 if within_m is not None and distance > within_m:

336 continue

337 bearing = math.degrees(math.atan2(dy, dx))

338 if distance <= margin_m + 1.0:

339 # AR A N T L AT R TR I, AT — AN v g 3
340 continue
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341 angular_margin = math.degrees(

342 math.asin(min(0.9999, margin_m / (distance - margin_m))))
343 if keep:

344 updated = self._mask(index) & _cover_mask(

345 bearing, 90.0 + _BIN_HALF_DEG + _GRID_DEG / 2 + angular_margin)
346 else:

347 updated = self._mask(index) & _far_mask(

348 bearing, 90.0 - _BIN_HALF_DEG - _GRID_DEG / 2 - angular_margin)
349 if updated ==

350 doomed . append (index)

351 self .masks.pop(index, None)

352 elif updated != _FULL_MASK:

353 self .masks[index] = updated

354 if doomed:

355 self.position.discard(doomed)

356

357 def apply(self, station: Vec2, result: str,

358 svd_deg: float | None = None) -> None:

359 nR ORI A AT (RSE, IR (RZEL, WD AR o e

360 if result == DIRECTION:

361 self .position.apply_measure(station, DIRECTION, svd_deg,

362 directional=True)

363 self._apply_heading(station, keep=True)

364 elif result == NEAR:

365 # near [AFEZORTTIL (PFIUAILSE A 5 1o 76 40 B

366 self.position.apply_measure(station, NEAR, directional=True)
367 self._apply_heading(station, keep=True)

368 elif result == NO_SIGNAL:

369 # B B OB e RSl - U " BEAR R L SRVEAE T _eff _min [HI A"
370 # I, no_signal Z—& H ERIER . 50BN — A < margin,
371 # WRER r_eff_min - margin; B + margin &4l 1000~1010m FHEORIHT
372 # WM AAVE S AT R L IR R (BRI IR B ) .
373 self._apply_heading(station, keep=False,

374 within_m=max(

375 0.0, self.field.r_eff min_m

376 - self.position.margin_m))

377 else:

378 raise ValueError (f"/RAIMI[TM455:: {result!r}")

379

380 B o 2
381 def summary(self) -> dict:

w0 A B (5 AW summary, JERHSIEICHEE) o

383 cells = self.sample(256)

384 bins = [bin(self._mask(index)).count("1") for index in cells]

385 return {"cells": len(self.position),

386 "sampled_mean_heading_bins": (round(sum(bins) / len(bins), 2)
387 if bins else 0.0),

388 "heading_bins_total": HEADING_BINS}

src/mcm26b/cli.py

1 "G AT AN mem26b < Tid>.

2

3 -ql [ dss 4ok R (P2 E5ET)

4 - sim-check FIPFIALE I ATTI "] (PO HAL)

5 - run I ZI—EN—iBr—IRH (--problem 3 4 / 4 RA:
6 —-self-test EMZIEMAPL referee)

7

8 fRANZIE: BRI ZESNTEMAL; referee/harness {UfE --self-test 5
9 sim-check ZrZNHMNE (WA dev fiifi) ©

1o mon

11
12 from __future__ import annotations

14 import argparse
15 import json

16 import socket

17 import sys

18 import threading
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impo
from
from

from
from
from
from
from
from
from
from

Q3_S

def

def

def

def

rt time
dataclasses import replace
pathlib import Path

.config import ProblemConfig

.geometry.__main__ import main as ql_main

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

.planner.seven import SevenBatch

.protocol.client import SimulatorClient

.protocol.log import SessionLog

.protocol.rules import EXIT_USER

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

_load_referee():
AN PRI MERC)E GBI/ IERHEA ) o e
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)

_referee_missing():
print ("RZZEEMATIFMALEL referee (mcm26b-referee) . iHJG “uv sync” ZedE"

" dev {f#ffi, B{ pip install mcm26b-referee; IERNHEE I FAM, ",

file=sys.stderr)
return 2

—————————————————————————————————————————————————————————————— — A
_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

_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]

_acquire_port(name: str, requested: int) -> int:
g TR AR ] - A AR U ) (] 4= S W)
e HINEE (IA/CT) BRSO 2 IR 0 IE4 5, AR Rk, e
if _port_free(requested):
return requested
if sys.stdin.isatty():
while True:
auto = _any_free_port()
try:
answer = input (£"[—#{FM] {name}iil1 {requested} BE#HH: "

RN G {auto), BUAHAEAMEET: ") . strip()

except (EOFError, KeyboardInterrupt):
return auto
if not answer:
return auto
if answer.isdigit() and 1024 <= int(answer) <= 65535:
if _port_free(int(answer)):
return int(answer)
print (£"5i [0 {answer} [FEHE . 1. ")
continue
print ("iEHi N\ 1024..65535 W5, SLEEFZELENNLE & "
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def

def

def

auto = _any_free_port()

print (£" [—#PF] {name}yfil1 {requested} BEP;fH (JEX HIfFEE) . "
£ {2 NG {auto}. ", file=sys.stderr)

return auto

_start_local_judge(args):
w RS IFIAL (WLESIEE D + WebUT ) FFHHINIFUAR— R,

&M (judge, session, action_port, ui_port); ZRIR[ None (BEATEIHMA) -
try:
from referee import Referee
from referee.server import ActionInterfaceServer
from referee.webui import WebUIServer
except ImportError:
_referee_missing()
return None
action_port = _acquire_port("HlZHi#E1", args.judge_port)
ui_port = None
judge = Referee(action_port=action_port, data_dir=Path(args.judge_data_dir))
ActionInterfaceServer(judge)
if not args.judge_no_ui:
ui_port = _acquire_port("WebUI", args.judge_ui_port)
ui = WebUIServer(judge, ui_port)
threading.Thread(target=ui.serve_forever, daemon=True,
name="mcm26b-local-judge-ui") .start ()
module = f'"q{args.problem}_practice"
session = judge.start(module, args.robot_id, seed=args.seed,
countdown_s=args.judge_countdown_s)
deadline = time.monotonic() + session.countdown_s + 10

while session.phase == "countdown" and time.monotonic() < deadline:
time.sleep(0.05)
if session.phase != "open":

print (" [—FEPEI] PEIMLRGEFFET, Eik. ", file=sys.stderr)
judge.abort ()
return None
print (£" [—#EPFEIM] Z44f% {session.case_code} - {session.module.titlel}"
£" - I http://127.0.0.1:{action_port}")
if ui_port is not None:
print (£" [—#EPEM] WebUI http://127.0.0.1:{ui_port}"
£ (SR S\ " B\ Tab 50T Bt % {args. judge_data_dir}) ")

return judge, session, action_port, ui_port

_settle_local_judge(judge, timeout_s: float = 3.0) -> None:
" SERTITIAAR RS (Jexit JFEMY) o VBN A TRF LAk, "

deadline = time.monotonic() + timeout_s

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

judge .abort ()

_finish_local_judge(judge, session, summary: dict) -> None:
O ERETIPUBRIA G R, JEAAE A BESH S BN DI summary,
_settle_local_judge(judge, timeout_s=10.0)
state = judge.snapshot ()
truth_channels = sorted(s.channel for s in session.sources)
cleared = sorted(summary.get("cleared_channels", []))
summary["local_judge"] = {
"case_code": session.case_code,
"module": session.module.title,
"end_reason": state.get("end_reason"),
"end_reason_text": state.get("end_reason_text"),
"virtual_time_s": state.get("virtual_time_s"),
"request_count": state.get("request_count"),
"truth": {"source_channels": truth_channels,
"source_count": len(truth_channels),
"omni_count": sum(l for s in session.sources if not s.directional),
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226

228

def

def

"directional_count": sum(1 for s in session.sources if s.directional)l},
"all cleared": cleared == truth_channels,
"log": state.get("log"),

_sim_check(args) -> int:
R L2/ 25 10T T I R ] IEE 105/111/194/199 Fbo
try:
local_simulator, local_sim_transport, *_ = _load_referee()
except ImportError:
return _referee_missing()
simulator = local_simulator([], robot_id=args.robot_id)
client = SimulatorClient(args.robot_id, transport=local_sim_transport(simulator))
client.enter ()
steps = []
steps.append(client.measure((300, 400), 1).virtual_time_s) # & 5)500m+#ill5s
steps.append(client.measure((300, 400), 2).virtual_time_s)  # {fuilid1s+i5l5s

steps.append(client.clear((300, 0), 3).virtual_time_s) # T 351400m+5K & I 3s
steps.append(client.measure((300, 0), 2).virtual_time_s) # 5 HIRS T 51 2

info = client.exit()

expected = [105, 111, 194, 199]

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

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

print (json.dumps ({"expected": expected, "got": steps,
"final virtual_time_s": info.virtual_time_s,
"exit_reason": info.reason, "pass": ok},

ensure_ascii=False))
return O if ok else 1

_run(args) -> int:
nn B3 /A IR

=P --local-judge —HEAMIEN (B3 referee JXIHE)
--self-test NTFFIFFEHK (Fhumd) 5 BRAXHEE —-base-url YRR
(B HBAM referee) o HAENAFET MHRSHAN T, RIS WMR R o

PG : —-self-test BJ{EMINLEE --real-budget-s (ERIA 1800s) iz [nl
remaining_real_duration_s; HAE LIRS 2% /enter k[ JyuE (GUiH
FEFIBAT LR 20 48, AAlEK)
config = ProblemConfig()
session = replace(config.session,
base_url=args.base_url or config.session.base_url)
config = replace(config,
session=session,
search=replace(config.search,
bearing_rounding_margin_deg=args.bearing_margin_deg,
persistent_search=args.persistent))
if args.persistent:
# PO — KB HZTE persistent SR 98.84% RIS il
# (346170 s) HEESEH o XHLAGH A BRI BB .
stations = 49 if args.problem == 4 else 7
per_round = config.field.channel_max * stations * (
config.cost.measure_s + config.cost.switch_s)
print (£" [#%75] —-persistent: X2 J5HE HATERRIE H RN, "
£l FIRY) {per_round:.0f}s HEfLLA) A"
£" ({config.field.channel_max} #fijii x {stations} ¥l x "
f”{config.cost.measure_s + config.cost.switch_s:.Of}s) "
£ SRR L RGN &) o ", file=sys.stderr)
truth = None
transport = None
real_budget_s = None
judge = judge_session = None
if args.local_judge:
if args.self_test:
print("--local-judge 5 --self-test ARE[HHfli[f]. ", file=sys.stderr)
return 2
if args.base_url:
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298

print("--local-judge ZME --base-url (3E[HuhkHPEMPLA Sh4EL) - ",
file=sys.stderr)
started = _start_local_judge(args)
if started is None:
return 2
judge, judge_session, action_port, _ui_port = started
config = replace(config, session=replace(
config.session, base_url=f"http://127.0.0.1:{action_port}"))
elif args.self_test:
try:
(local_simulator, local_sim_transport,
mixed_scene, random_omni_scene, referee_spec) = _load_referee()
except ImportError:
return _referee_missing()
real_budget_s = (args.real_budget_s if args.real_budget_s is not None
else config.session.self_test_real_budget_s)
config = replace(config,
field=replace(config.field,
max_real_duration_s=real_budget_s))
if args.problem ==
sources = mixed_scene(seed=args.seed, count=args.sources,
directional=args.directional, config=config)
else:
sources = random_omni_scene(seed=args.seed, count=args.sources,
config=config)
truth = sorted(source.channel for source in sources)
simulator = local_simulator(sources, robot_id=args.robot_id,
spec=referee_spec(config, max_real_duration_s=rea1_budget_s),
stress_mode=True)
transport = local_sim_transport(simulator)
elif args.real_budget_s is not None:
print("--real-budget-s {U{E --self-test AL IEMBK LIRS #% "
"/enter IZ[U[f] remaining_real_duration_s M, ", file=sys.stderr)
log = SessionLog(path=Path(args.log)) if args.log else SessionLog()
client = SimulatorClient(args.robot_id, config=config, transport=transport, log=log)
if args.problem ==

strategy = "directional"

loop_cls = DirectionalExtension
else:

strategy = args.strategy

loop_cls = Q3_STRATEGIES[strategy]
try:

summary = loop_cls(client, config).run()
finally:

if judge is not None:
_settle_local_judge(judge)
summary ["robot_id"] = args.robot_id
return _finalize_run(args, summary, strategy, truth=truth, judge=judge,
judge_session=judge_session, real_budget_s=real_budget_s)

def _finalize_run(args, summary, strategy, *, truth, judge, judge_session,
real_budget_s) -> int:
"N summary TTfE B MONEEIHGL RMBERBLG.
summary["strategy"] = strategy
if real_budget_s is not None:
summary ["self_test_real_budget_s"] = real_budget_s
if args.summary_steps is not None and len(summary.get("steps", [])) > args.summary_steps:
summary["steps"] = summary["steps"][:args.summary_steps]
summary ["steps_truncated"] = True
all_cleared = None
if truth is not None:
# AU RS RS S AR
all_cleared = sorted(summary['"cleared_channels"]) == truth
summary ["truth"] = {"source_channels": truth,
"source_count": len(truth),
"all_cleared": all_cleared}
if judge is not Nome:
_finish_local_judge(judge, judge_session, summary)
all_cleared = summary["local_judge"]["all_cleared"]
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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="Fi{4: %% ProblemConfig [#] JSON X ff (ZHALAIT) ™)
subparsers = parser.add_subparsers(dest="command", required=True)

ql = subparsers.add_parser("ql", help="|i|fll—ffi = &R fiE")
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 []1)) or 0)

check = subparsers.add_parser("sim-check", help=" [ @ H{Lla 2 BB )
check.add_argument ("--robot-id", default="2026001")
check.set_defaults(func=_sim_check)

run = subparsers.add_parser("run", help="[i¥f: LI —EN—iFE—EH (H@3/4) ™)
run.add_argument ("--robot-id", required=True, help=""4:EtZ%Ef\ 5, ZEF1—5")
run.add_argument ("--base-url", default=None,
help="Hul a4 bk (BRIABUECE http://127.0.0.1:2026) ")
run.add_argument("--log", default=None, help="4:if[]:i JSONL #ijHi%ss")
run.add_argument ("--problem", type=int, choices=(3, 4), default=3,
help="[A|#i3=4x ), [F4=REGEMIE (BN 3) ™)
run.add_argument ("--strategy", choices=tuple(Q3_STRATEGIES), default="bayes",
help=" 3N : bayes=Hi M+ BHIgE+RAMIE (BN, "
"H SR seven FiFE 19.5%%) , seven=-{pifltEt, "
"grid=49 M [WiEHEL; {U --problem 3 AEZL")
run.add_argument ("--bearing-margin-deg", type=float, default=0.005,
help="/rIi & ANHE (RS afr B MALNE: BRIN 0.008°) ™)
run.add_argument ("--real-budget-s", type=float, default=None,
help=" [ K SSHLIAFE (BRIN 1800=30 43fli; U --self-test A%, "
"IESCIHA LIRSS &% /enter RIEIAHE) )
run.add_argument (" --summary-steps", type=int, default=None,
help="summary HI{REE AL I AA LR (BRIA2EE:, ERMAERE) "
run.add_argument ("--persistent", action="store_true",
help="R FIRIAEA : FRAIEIH G RS R KRt B 2 B
"OCBRIASGHT] s AU BRSO AE, $RAED Jexit) ")
run.add_argument ("--local-judge", action="store_true",
help="—HAHIFN : HZHIMSLIFHL referee (HLERFTHET+"
"WebUT SZMf/[IE) . BHIAFFIA— RS R He se el ap s o
" 1T o I RSl e T (JEA8 B E SO A R ) )
run.add_argument ("--judge-port", type=int, default=2026,
help="—4EPFIMHLEMEE 0 T (BRIN 20265 # R/ Hik) ™)
run.add_argument ("--judge-ui-port", type=int, default=8026,
help="—{PFMI[Y WebUT i1 (ERIN 80265 ¢ /iIHNl/[Hik) ™)
run.add_argument ("--judge-no-ui", action="store_true",
help="—# I A3 WebUT CJURBALEMFEIT) ")
run.add_argument ("--judge-countdown-s", type=float, default=5.0,
help="—HF A THIAF MG BT R (BB 5 #b, w4aseinE) ")
run.add_argument ("--judge-data-dir", default="output/referee",
nelp="—HiF M LFHAH T (BIk output/referee, fit WebUI [ili) ")
run.add_argument ("--self-test", action="store_true",
help="7EM . IFMIL referee HREHLIAH (MiKu A, NEFT) ™
run.add_argument ("--seed", type=int, default=20260910, help="[ 7 5F ")
run.add_argument ("--sources", type=int, default=None,
help="H k% (BOIALEETE 10~16 HFEHL) ")
run.add_argument ("--directional", type=int, default=3,
help="1[i]di4 {37 P E 4R (--problem 4 AERL) ")
run.set_defaults(func=_run)

args = parser.parse_args(argv)
try:

return args.func(args)
except NotImplementedError as exc:
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369 print (£"R5LH: {exc}", file=sys.stderr)
370 return 2
371
372
373 if __name__ == "__main__":
374 sys.exit(main())
src/mcm26b/config.py
1 T EHZHORG s R R PRRRE] . SR S R RS
2
3 AEAMEEER T R ATTEX B IR &l :class: "ProblemConfig™ HL;
4 AT EAEEM A dataclasses.replace™” YRAEFTECHE , ANHIE T E.
5
6 SRUFIRTELE -
7 - TCLEE]T WA issue/Bii.pdf. FMAFL HLBIZRAEFITAEY « R GEEGHEOUHD FIC
8 - TCLLRET ARNTRESE, nHREZGSINEEE, SMEETHE.
9 nnn
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 e E AR RS R . D
21
2 omega_radius_m: float = 1800.0 # HARXKEREE, BOME S
23 channel_min: int = 1 # GRUFE L
24 channel_max: int = 20
25 source_count_min: int = 10 # —JRHIREECERE O EEEM)
26 source_count_max: int = 16
27 r_eff_min_m: float = 1000.0 # HRBCEE TR no_signal HAEHERRZ R
28 r_eff_max_m: float = 1500.0 # HHHEEICER ER: direction FRSIHE LA
29 near_radius_m: float = 5.0 # "PER TR, AR R R R
30 clear_radius_m: float = 20.0 # ERRRER SEmyln iR
31 bearing_error_half_deg: float = 1.0  # /x| FERZIEAE ()
32 bearing_decimals: int = 2 # 3R Bl A) BE/NERDE
33 coord_abs_limit_m: float = 2_000_000.0 # A ARFRAILHE IR GEEHIIRE HTTP 400)
34 directional_half_angle_deg: float = 90.0 # 5 [i sl ffll 4400 3% (&%)
35 max_virtual_duration_s: float = 360_000.0 # LIt SLFRIEE (100/NE))
36 max_real_duration_s: float = 1200.0 # /enter JINGEIFialT IR (20434h)
37 test_window_s: float = 1500.0 # B\ IRE IR 1 (25%>4h)
38
39
40 @dataclass(frozen=True)
41 class CostConfig:
42 B R SERE R AR . DEUED BRI BER2gEa .
43
44 speed_mps: float = 5.0 # BB FEN=H 45/ speed
45 measure_s: float = 5.0 # GUAIBIERER (TTiegi)
46 switch_s: float = 1.0 # AT B E R EERT, XA /measure filk
47 clear_success_s: float = 5.0 # 55 IhEERl = HrfEfiss + HokiEG2s
48 clear_fail_s: float = 3.0  # ALIAIHRHIE = (WEFEN3s
49
50
51 @dataclass(frozen=True)
52 class SessionConfig:
53 nn s B 4% 5% o arena/robot/request FUMH [EWE], H4h [T, "
54
55 arena_id: str = "default" # [ [ EE
56 base_url: str = "http://127.0.0.1:2026" # [RUTE] ASDlas BRIASE O Mokt
57 robot_id_max_bytes: int = 64 # [WiE] UTF-8 KF 1..64
58 request_id_max_bytes: int = 128 # [Uif] UTF-8 K 1..128
59 request_body_max_bytes: int = 65_536 # (U] @4 RE HTTP 413
60 connect_timeout_s: float = 5.0 # [TFE] &hsiant
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61 read_timeout_s: float = 15.0 # [TRE] Soln: 5 RS a AL HLH by E 4
62 max_attempts: int = 3 # [IAE] e L2 (EEmw)

63 retry_backoff_s: float = 0.25 # [T HRGEREEE, #% 2°n Ok

64 reserve_exit_s: float = 60.0 # (A1 PR S 2 i Bl sL b

65 real_rtt_p95_s: float = 1.0 # [T B adR e ot BUEAZSE N
66 # LR B/ eI A E R 72 7 BRE 12008 ANAJHEK:

67 # A4 --real-budget-s 7% LocalSimulator jR[H|ff] remaining real_duration_s,

68 # BN 1800s (30 Zpfpschl) . FIFIIE" RIS I RRLLIE LT E B e " i .

69 self_test_real_budget_s: float = 1800.0

70

71

72 @dataclass(frozen=True)
73 class SearchConfig:

W EEREASA. (TR RHREEL docs/BIEEHUMT S S na, v

75

76 grid_step_m: float = 700.0 # P4 FEmMIARHK: BICHHA 700xsqrt(2)~989.95<=1000
77 grid_half_cells: int = 3 #1i,j € [-3,3], 49 s [-2100,2100172 D Q

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

79 # E ML RS AR TR B R B PIALANE, BIN <=0.005° {2 D] :
80 # AN RLIN S L IR RE A B . WUBEBRINS CLT run BRIA—EU 0.005 [LFE1.

81 bearing_rounding margin_deg: float = 0.005

82 # ---- P3/P4 FELRENMEGMASE [TH] —---

83 polygon_sides: int = 192 # B AMIZBIENE: Q iR ZE 1800(1-cos(w/192) ) ~0.24m
84 witness_spacing_m: float = 60.0 # SIR/GUITAN AU A RIERIEE : 2EEf5 1% 1/4 INEEM
85 candidate_rings: tuple = (0.0, 0.4, 0.75, 1.0) # 224 Palldih N it /5 42 Hu ol

86 candidate_angles: int = 12 # FIMEE T 5L

87 clear_margin_m: float = 0.5 # WEERIEBASN LRERE (ZILIBERIREZIN)

88 max_localize_steps: int = 8 # FUE R LY B A A 8 I F R

89 max_anomalies_per_channel: int = 3 # U SO BRI SR R 5

90 # ---- P65 R ESE (L] --—-

91 max_blocked_probes: int = 4 #TE (VL BAHE P 5 I 20 R R o T

92 # (HUGE RN Z+2 R IRRRE G 715 5R)

93 fallback_max_cells: int = 400  # JSAr iGN A EH (VML EARSEENL)
94 # --—— FHIR (HER) [T, 2026-09-12 ik Po-2 / S2 fifk] ----

95 # SO ] A B AR

96 #  square49 IHEFe 4y &3 (700m J5A&, #K[El 36.4km) ;

97 # q4_mincover_vl 75m/24 RYFTOvER/NE (31 ., iKE 22.9km) ——AHRIAKE K

98 # 7E 25m/48 A7 125 4 (p,h) B, ERHIIAME:

99 # qg4_mincover_v2 s*PifiiExi/NE (31 A5, r_design=965m. i MR 5°.

100 # R PR 50m/48 1Y + JEPAPERAEMEIED) |

101 # 15m/72 F4 (325.6 Ji (p,h)) Gl 0. HIfdrd 990m, j&[| 23.9%km.
102 # BT —RAEEE A%, Al R4S )5 3.

103 q4_coverage_plan: str = "g4_mincover_v2"

104 verify_coverage_plan: bool = True  # izf7IMFEIGCES (JERENZEAF—10)

105 # ———— SED ) IR A A (TR, 2026-09-12 ZUgfiil PO-3] ----

106 # ACRIBEFMBUELER (FE < @) Beamlirs: A WAL A
107 # BURESE 45° WrBbiR sl BREEASEA BRIER . 22k /W&

108 # WEBRIER 5 SFIEH ST, AIF R FUEILE BT .

109 directional_joint_belief: bool = True

110 # ———= SO E AR AL (A2, 2026-09-12 i DP /% S3/D1] ----
111 # |[HiESr " prob_detect/(#3+6) ~ Hn"XSAEAFERILIE", AR MER L >

12 # AHERE", S RN EAYEER . D1 R et WAL UE

113 # (J{% prob_detect > ratioxi KfEMIEE) . FHi/Mb

114 #  EDE MEC £4£1(q) + A - CHEILE-qMEC LG MBS + i

115 # 9 R core EIX (BIEBRA(E&WIMMIMNZIE) -

116 #  X=0.05: J5% 6.8 Ik / T 9740 s ({HEAES, MWESELLEH)

117 #  A=b CJEF 4.3 Ik / T 8604 s (BEhWiES, WWMLUE + BEHGE)

118 # U (nearest_visible) : J5% 4.3 K / T 8602 s, HG4him/k

119 # MIXFIH visibility 4 (56 125.6 K. T 9225 s) =H#HELF, H X #K

120 # IR A BRI + B E B R L, ORI R A

121 probe_score_mode: str = "nearest_visible" # visibility | expected_radius | nearest_visible
122 probe_lambda_move_s: float = 5.0 # expected_radius [ FHIBITTE
123 # FOUMEARIE IR HURE prob_detect > ratioxig KEAIMELEFFHLIIE A1,

124 # IR LA RE R SR R R

125 probe_visibility_ratio: float = 0.7

126 probe_exclude_blocked: bool = True  # ULl H @il 24 it 448 s AN F 25 5 e R

127 approach_fractions: tuple = () # D1 LU SIE LG (0=[El.0y) 5 BRIAKH
128 # -—— &SR TR, 2026-09-12 S4/D3] ----

129 # SO )5 T ERAE A i BRI LRI, A B AR B AR R T AN IE
130 # Hir—O0r-opt SUHPFMERTHIEIRE. 9 SRR Frdh 125.7 KKK
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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

188
189
190
191
192
193
194
195
196
197
198
199
200

# vs Or-opt 161.4 X (T 8676 -+ 8940 s) . ERIAFM], fRERIGS K.

fallback_optimize_tour: bool = False

# ---— FREEER (TR, 2026-09-11 M PUREIT] ———-

# AU BRI ST A (R CPRYERLEERIN )« 3RAIERR UG

# 3L Jexit, AEH. SHMREER F5EVFIERBBRE) B, &

# "mcm26b run --persistent” WRIF)E: HEFRERIE., HEHGRE

# ik 16, THFEFR BB R LR RFL,

persistent_search: bool = False

virtual_reserve_s: float = 10_000.0 # JEIINC 24t PRI IE & EE,
# SRR 100 /INIRF b BRBIATAL e o ) 45 TR

@dataclass(frozen=True)
class BayesConfig:

" PAb DURHUT AR IE D RS S (RIS HI RN bayes) o [T7E]

PRS- DB B RS VEAR AT Voronod Hide: FUSCURATIERS G55 R HE S
<= sqrt(2)/2 * particle_spacing_m, Jifi kill HE#HNLEIZH R,
Ftb =G EKEE S EE (GEF W docs/algo-3-bayes.md §2) o

nun

particle_spacing m: float = 14.65 # P%[A|fi: Voronoi #i =~ 10.35m;
# IR 4.7 kg E, AIEMIE RG]

# —-—- (M54 [ TR, Optuna TPE Y[R 2026-09-11] --—-

# JHZICR I output/q3/bayes-tuning/; 4 i FUALH BCXHIIC R L

# output/q3/optimization-20260911/, FHLAG 515 B TREMR % .

score_mode: str = "entropy" # entropy=H¥ log F7FHHL (fFEIEZE) |
# radius=JHE R PERE (EHIET)

score_subsample: int = 800 # JI SRR Al TR R

mc_representatives: int =7 # RIRFERE S Y MIEERR)

lambda_move_s: float = 0.05 # BRIV R B R PT S R (O E/FD)
# 2026-09-12 FixfEMi: 0.05 fiF 0.0105 (20 FHI¥E -2.8%) ,
# entropy AR FIEZETA 0(1) XHUE. MUNUEART] /N

# ——— BRARIRHIRS [TFE. 2026-09-12 P2] —--—-

# |HiF HE current->q + q->MEC, 75 kH|“f5 BIEZEME H HE L 8L R

# IR PR, TEREETED TN q B0 i (0 85 % Y Hi 55 B AR

# MYHGEE: A/B DLRESFEME SR B B o

# 2026-09-12 FZEIMEEE M (18 5 : 3] 3193.1 s vs 3 3210.3 s,

# F£3)) 12339.8 m vs 12446.8 m —— fUEH 1le-3 WL AN RGNS . BRIAKH .

route_aware_probe: bool = False

route_aware_insert_weight: float = 0.001 # [ZMMNMIGENITEZRL OMMUE, {XUHUH)

route_aware_clear_weight: float = 0.0 # S q->MEC TERRESET (RIS

wide_rings: tuple = (1.0, 1.5, 2.0)  # FC{RiFHAGIEIIIIRZIN (x PF MEC 2}43)

# —-—- i S (TR -—-

station_ring_radius_m: float = 1159.7  # L SFRA18, M bR 4 m) 7 o i B 5

# -——— RU-EOIMEIE [T, 2026-09-12 PO-1, SEITEAL, MRIAFH] ----

# PO Ul REODRT BOE /ST, BURE IR R

# S (output/suite/q3-fuse-ab*, 20 IGErftXf, 2026-09-12) :

# LB S T4 3454.6s vs 3426.9s (+0.8Y%, #&ill +10.8 K, fif{L -188m) ;

# GBI + ML HER A 4989.0s vs 3426.9s (+45.6%, 20/20 REE) .

SR B A 2 -3 AW B A RO 4, Bl s M

# AJELUMRIE 20m GiE45, & F(E BRI ISR Il s & 45 el

# RIGORE DUEG S G S 9T, G AR ES False.

fuse_localize_into_tour: bool = False

# --—- [EF5HFE (LR -——-

E:3

two_opt_enabled: bool = True # AR 2-opt BCHE (VT 4R4T i)
two_opt_passes: int = 4 # 2-opt AU EL
# -——- EWIES)T (Held-Karp, S#uSiRA) [T, 2026-09-12 S5/T1] ----

# S5 EMA 6 -12 Ti: |T| < exact_order_limit WK DP CIRZS=CIFHES

# xSRI L RO BRI SIIEGR NN+ 2-opt. 0 FIREEH

# 52 (18 ¥5t) ¢ K57 DP 3203.2 s vs 2-opt 3193.1 s B E AT " 24 i

# (TS R TERBINE R RS2 (FUOHEP IR BT EHRRER) . 2L o

# ARBSS XA MNAOR . TR R E

exact_order_limit: int = O

# ---- PF {HREH (L] -——-

grid_cert_enabled: bool = True # RFHERE MEC MR TERRIES (MiEBZ M)
opportunistic_measure: bool = True # EELE( EINIEASSr: 98 MEH 2%

# PR =D (1-ratio) A4MI; 0.5 fiF 0.65 (18 75t 3205.4 vs 3210.3 s)
opportunistic_radius_ratio: float = 0.5

42



201
202 @dataclass(frozen=True)
203 class ProblemConfig:

4 URARE. &BPEAN S MBS, 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
"UP4 Rl 49 ARG BMGEE Bl .

1
2

3 EHELZ (S docs/BEIE /T 5 SLHiH ] . md §4>

4 S = {(700i, 700j) : i, j € [-3,3]1}, IS| = 49, FE# [-2100,2100]> D Q,
5 HAVFR BAREBAN GRS & 5 E M IEATE) o

6 HOCNATEE 4 TR <= 700 - v2 & 989.95 <= 1000 <= H/NMEILEE,
7

8

Bl of
9 - "E%Ji%ﬁ“ PR DS SEAGE . R OGE, KD ‘?’r‘r‘iﬂn%:
10 - il /LEE&%‘ILETEJELIJJ\ o AH Bk 5 R
- Ell_ithﬁ (P6) LR B & 1é b, SR nfﬂo
12 e
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]:
» "a9 SEEIAN (SLAT, L) 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 EBHEREA: OB, MR - REE. 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 -> Jfi[Al

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 ETE Bk B (W) already_cleared / located_pending_clear) . """
47 self.skipped[channel] = reason

48

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

50 P B AR PR PRI TNER S (Pa) o o

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

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

53
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54
55
56

def coverage_complete(self, channel: int) -> bool:
" gBUE R R e (B ki) . e
return channel in self.skipped or not self.pending points(channel)

src/mcm26b/evaluation/__init__.py

1
2
3
4
5
6
7
8

9
10
11
12

PSS A B EfE H R RS SR 2 S S

GG IR I ) 5 4y TR W Bk B ST DR /1) 86,
recompute_virtual_time ;g [ml il 5 AL A e —A2 S
% P H &g 28 SessionLog H' accepted ZH{ff#] {path, request, response}.

from __future__ import annotations

from ..config import CostConfig
from ..protocol.rules import CLEAR_SUCCESS
from ..protocol.timing import clear_cost, measure_cost

def recompute_virtual_time(events: list[dict],
cost: CostConfig = CostConfig()) -> dict:
e NEE H R S AU 2 o

events #IJEUN {path, request, response} (accepted=true) .
S AT (LT3 RS BN R i 2R 3N, mi smatches.
nnn

position = (0.0, 0.0)

channel = 1

0.0

virtual_us = 0

steps, mismatches = [], []

for index, event in enumerate(events):

virtual

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

response = event['"response"]

if response.get("accepted") is not True:
mismatches.append({"index": index, "issue": "MW AHEEZ ")
continue

if path == "/enter":

position, channel, virtual = (0.0, 0.0), 1, response["virtual_time_s"]

virtual_us = round(virtual * 1_000_000)
elif path == "/measure":
pos = (request["position"]["x"], request["position"]["y"])

predicted = measure_cost(position, pos, channel, request["channel"], cost)

position, channel = pos, request["channel"]
virtual_us += predicted.total_us
virtual = virtual_us / 1_000_000

elif path == "/clear":
pos = (request["position"]["x"], request["position"]["y"])
success = response.get('clear_result") == CLEAR_SUCCESS
predicted = clear_cost(position, pos, success, cost)
position = pos
virtual_us += predicted.total_us
virtual = virtual_us / 1_000_000

elif path == "/exit":
pass # /exit ANEFEREEALIAI AR [EH]

else:
mismatches.append({"index": index, "issue": f"RJIHE {path}"})
continue

delta = response["virtual_time_s"] - virtual
if abs(delta) > le-6:
mismatches.append({"index": index, "path": path,
"recomputed_s": virtual,
"recorded_s": response["virtual_time_s"],
"gap_s": deltal})
steps.append({"index": index, "path": path,
"predicted_s": round(virtual, 9),
"recorded_s": response["virtual_time_s"]})
return {"steps": steps, "final_virtual_time_s": virtual,
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64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

"mismatches": mismatches}

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

AR RO S R/ SRR/ A B BE B A g i

position = (0.0, 0.0)

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

for event in events:
request = event['"request"]

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

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

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

position = pos

if event["path"] == "/measure":
measures += 1

elif event["path"] == "/clear":
clears += 1

if event["response"].get("clear_result") == CLEAR_SUCCESS:

cleared += 1

return {'"measures": measures, '"clears': clears,

"distance_m": distance_m}

src/mcm26b/geometry/__init__.py

O 0 9N AW N —

"cleared": cleared,

"2 JURTNAE s B — A SR E TR S L. (UHPRERE, BT,

I O 1) e AR A IE B — P EA L (planning BiH)

from .localization import Measurement, solve, smallest_enclosing_circle

from .planning import first_bearing_candidate_disk

src/mcm26b/geometry/__main__.py

=TGR I I VS I NS R

import argparse

import json

from dataclasses import replace

from math import isfinite

from pathlib import Path

from .localization import Measurement, solve

def main(argv=None) :

parser = argparse.ArgumentParser (description="B/ii]i

parser.add_argument ("input", type=Path, help="{J%

parser.add_argument ("-o", "--output", type=Path)
parser.add_argument ("--rounding-margin-deg", type=float, default=0,

help="#iSMR 22 A1, BRIAO: WK BL0. 006 BEAT A NEBUENE AT )

args = parser.parse_args(argv)
try:

Bmeasurements

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

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

. ERSORIE

A ISONSTA")

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

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

if not isfinite(args.rounding margin_deg) or args.rounding margin_deg < O:
raise ValueError ("#i4M%EZE A LZA A BLAE 4L

measurements = [replace(m, half_angle_deg=m.half_angle_deg+args.rounding_margin_deg)

for m in measurements]
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, O0SError) as exc:

parser.error(str(exc))
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32 text = json.dumps(result, ensure_ascii=False, indent=2, allow_nan=False)
33 if args.output:

34 args.output.parent.mkdir (parents=True, exist_ok=True)
35 args.output.write_text(text + "\n", encoding="utf-8")
36 print(text)

37

38

39 if __name__ == "__main__":

40 main()

src/mcm26b/geometry/localization.py

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

2

3 All calculations are floating point with normalized station coordinates.

4 The reference algorithm deliberately favors auditability over asymptotic speed.
5 Near-parallel plane pairs are intersected instead of skipped (only exactly

6 parallel pairs are discarded), and the feasibility tolerance scales with the

7 candidate vertex magnitude, so legitimate far-away vertices of long thin

8 regions are never silently dropped.

9 nnn

10

11 from dataclasses import dataclass

12 from itertools import combinations

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

16 Point = tuple[float, float]
17 EPS = 1e-9
18 PARALLEL_EPS = 1le-12

21 @dataclass(frozen=True)
22 class Measurement:

23 x: float

24 y: float

25 bearing_deg: float

26 half_angle_deg: float = 1.0

27

28 def __post_init__(self):

29 values = (self.x, self.y, self.bearing_deg, self.half_angle_deg)
30 if any(isinstance(v, bool) or not isinstance(v, (int, float))

31 or not isfinite(v) for v in values):

32 raise ValueError ("AAbr. 7] FBEFNIS 222 A AT FREC(E ")

33 if not O <= self.half_angle_deg < 90:

34 raise ValueError ("iRZ PfMubZife [0, 90) J¥: M M1fE")

35

36

37 def cross(a: Point, b: Point) -> float:

38 return a[0] * b[1] - a[1] * b[0]

39

40

41 def distance(a: Point, b: Point) -> float:

2 return hypot(a[0] - b[0], al[1]l - b[1])

43

44

45 def halfplanes(m: Measurement) -> list[tuple[float, float, float]]:

46 """Return a*x+b*y<=c with unit normals, including the forward constraint."""
47 theta = m.bearing_deg % 360

48 lower, upper = radians(theta - m.half_angle_deg), radians(theta + m.half_angle_deg)
49 middle = radians(theta)

50 normals = [(sin(lower), -cos(lower)), (-sin(upper), cos(upper)),

51 (-cos(middle), -sin(middle))]

52 return [(a, b, a * m.x + b * m.y) for a, b in normals]

53

54

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

59 for p in ordered:

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

62 if len(unique) <= 2:

63 return unique

64

65 def chain(seq):

66 out = []

67 for p in seq:

68 while len(out) >= 2:

69 a = (out[-1]1[0] - out[-2][0], out[-1]1[1] - out[-2][1])

70 b = (pl0] - out[-11[0], p[1] - out[-11[11)

71 # Distance-to-line tolerance, not an unscaled area tolerance.
72 if cross(a, b) > eps * max(hypot(*a), hypot(*b), eps):
73 break

74 out.pop()

75 out .append (p)

76 return out

77

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

79

80

81 def diameter(points: list[Point]):

82 if not points:

83 raise ValueError ("% mi BB A ATLT E LRI ELAE"

84 a = b = points[0]

85 value = 0.0

86 for p, q in combinations(points, 2):

87 d = distance(p, q)

88 if d > value:

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

90 return value, (a, b)

91

92

93 def _circumcircle(a: Point, b: Point, c: Point):

94 u = (b[0] - al0], b[1] - al1l)

95 v = (c[0] - al0], c[1] - al1l)

9 det = 2 * cross(u, v)

97 if abs(det) <= PARALLEL_EPS * max(hypot(*u) * hypot(*v), 1e-300):
98 return None

99 uu, vv = ul0] ** 2 + u[1] **x 2, v[0] ** 2 + v[1] *x 2

100 center = (a[0] + (uu * v[1] - vv * ul[1]) / det,

101 al[1] + (u[0] * vv - v[0] * uu) / det)

102 return center, distance(center, a)

103

104

105 def _enclosing_circle_reference(points: list[Point], eps: float = EPS):
106 """Enumerate all 1/2/3-point supports; 0(m~4), appropriate for small m.
107

108 Radius is recomputed against every vertex to preserve numerical containment.
109 Coordinates should be normalized when there are very large offsets.
110 e

111 if not points:

112 raise ValueError ("&£ N4/ Vel 8] ")

113 xs, ys = [p[0] for p in points], [p[1] for p in points]

114 best_c = ((min(xs) + max(xs)) / 2, (min(ys) + max(ys)) / 2)

115 best_r = max(distance(best_c, p) for p in points)

116

117 def consider(center, radius):

118 nonlocal best_c, best_r

119 if radius > best_r + eps:

120 return

121 actual = max(distance(center, p) for p in points)

122 if actual <= radius + eps and actual < best_r:

123 best_c, best_r = center, actual

124

125 for p in points:

126 consider(p, 0.0)

127 for a, b in combinations(points, 2):
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128
129
130
131
132
133
134

136
137
138
139
140
141
142
143
144
145
146

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
194
195
196
197

def

def

def

consider(((a[0] + b[0]) / 2, (al1] + 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.
if not points:
raise ValueError ("#5fEA {1 H/ M ")
if not isfinite(eps) or eps <= 0:
raise ValueError ("eps:Ji A ARRIEE")
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 (" fAE A% A7 PR 4EALFRAL L")
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[1l-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 + (localln-1],), False))
assert circle is not None
center = (origin[0]+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).

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
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198 (e.g. stations 1lcm apart with bearings 1 and 358.99999999999 deg give a

199 vertex ~5.7e10 m away). Only exactly-parallel pairs (det == 0) have no
200 intersection. The feasibility tolerance scales with the vertex magnitude,
201 since absolute residuals grow with coordinates.

202 e

203 if not isfinite(eps) or eps <= 0:

204 raise ValueError ("epsWhZihA7 R IELL")

205 if not measurements:

206 return {"status": "unbounded", "vertices": [], "diameter_m": None,
207 "diameter_infinite": True, "recession_direction": [1.0, 0.0],
208 "message": "JA MM, FATFHEIYAIT"Y

209 if len(measurements) > 100:

210 raise ValueError ("Z£:% SLHLR LA 100G A s S RIS i 2l P 1T 28 k)
211 ox = sum(m.x for m in measurements) / len(measurements)

212 oy = sum(m.y for m in measurements) / len(measurements)

213 scale = max(1.0, max(hypot(m.x - ox, m.y - oy) for m in measurements))
214 local = [Measurement((m.x - ox) / scale, (m.y - oy) / scale,

215 m.bearing_deg, m.half_angle_deg) for m in measurements]
216 planes = [h for m in local for h in halfplanes(m)]

217

218 def inside(p):

219 tol = eps * max(1.0, abs(p[0]), abs(p[1]))

220 return all(a * p[0] + b * p[1] <= ¢ + tol for a, b, ¢ in planes)

221

222 feasible_vertices = []

223 for (a, b, ¢), (d, e, £f) in combinations(planes, 2):

224 det =a*xe -bx*xd

225 if det == 0.0:

226 continue  # IFWIPAT: oA GELFATR A sEAdmm e, RE)
227 p=(c*xe-bxf) /det, (a*f -c*d) / det)

228 if isfinite(p[0]) and isfinite(p[1]) and inside(p):

229 feasible_vertices.append(p)

230

231 if not feasible_vertices:

232 return {"status": "empty", "vertices": [], "diameter_m": None,

233 "diameter_infinite": False, "tolerance_m": eps * scale,

234 "message": "M MAA AR KAESUE. Bl KRR Y

235

236 # A nontrivial 2D recession cone has a ray tangent to an input halfplane.
237 # Use a much tighter angular threshold than the positional feasibility epsilon.
238 ray = None

239 for a, b, _ in planes:

240 for direction in ((b, -a), (-b, a)):

241 if all(d * direction[0] + e * direction[1] <= 2e-14

242 for d, e, _ in planes):

243 ray = direction

244 break

245 if ray is not None:

246 break

247

248 hull = convex_hull(feasible_vertices, eps)

249

250 def world(p):

251 return [ox + p[0] * scale, oy + p[1] * scale]

252

253 result = {"status": "unbounded" if ray else

254 ("point" if len(hull) == 1 else "segment" if len(hull) == 2 else "polygon"),
255 "vertices": [world(p) for p in hull], "tolerance_m": eps * scale,
256 "diameter_infinite": ray is not None}

257 if ray is not None:

258 result.update(diameter_m=None, recession_direction=list(ray),

259 message="fF{EIEEIERIT I, XIIH, HEATLHT K"

260 return result

261

262 d, pair = diameter(hull)

263 midpoint = ((pair[0][0] + pair[1]1[0]) / 2, (pair[0][1] + pair[1]1[1]) / 2)
264 distances = [distance(midpoint, p) for p in hull]

265 witness_index = max(range(len(hull)), key=distances.__getitem__)

266 max_distance = distances[witness_index]

267 center, radius = smallest_enclosing_circle(hull, eps)
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268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286

288
289

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 + 4x*eps],
"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

O 0 9N AW N —

"""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.
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 ("JZIL 2020 A AT FRIEZL ")
if measurement.half_angle_deg > 45:

raise ValueError ("7 fislilE F{ L2 AT 46 B, Wi A1)
delta, theta = radians(measurement.half_angle_deg), radians(measurement.bearing deg % 360)
a = max_range_m/(2*cos(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

[ I e Y S

"RIER: BRI (CoveragePlan) . EAIEBTTING

XA BB E R SN ~coverage™ (A5 5T A E H 2 KA o

from .cover import (CERTIFY_HEADINGS, CERTIFY_STEP_M, OMEGA_RADIUS_M,
R_EFF_MIN_M, CoverageCertificate,
CoveragePlan, PLAN_DIR, VERIFY_HEADINGS, VERIFY_STEP_M,
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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

=l e Y L

—_

SR BRI R, Al TEE T IR 25T (CoveragePlan) o
PR S X GBI 2R AR -

- “full_disk™ " (3=, &MPE) : {E s Ab no_signal fEf& B(s, r_eff_min),
P42 45 no_signal —> PEFEJR"Z0K
“TU B(c, 1000) D Q. fibriiifi i + B r B 6 Ha¥,
Trtt AKX T validate_seven_coverage™ T il (AEIHURIMEL ) .
- ““forward_half disk™™ C3fiPU[], EmJE) : JEATRETT AIEAL, no_signal ANF
HEBRFEA R, SR IE I Bk
TV(p,h) € axS*, dc € S: |c-pl £ 1000 A (c-p) -uh) > 0",
WA 700 m JrAE 49 mUEFEAEME (AIxif < 1000) , (HimdRAE,
A SO R AR S 31, AR —RAEAS 1) BAG

B RN (docs/# = DU FIZEM AL 5B T4RETT 4 .nd §2.3) -

wfIE = BAIER + BTHIR . SR ISON FEIFEAIES CREED PR,
BB FRarPiEE. BRSEA) | BT —ERARE R

A BIELE R 3. G Tk S, ASCEAEAT 2 AR .

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 # DO F/ N REEICER
OMEGA_RADIUS_M = 1800.0  # [l Hixl#E k%
SPEED_MPS = 5.0 T e Y GRS 38 TR N & DY 2 i 8

# RAEP IR o LR SEAS 7] 23 e - BT SRAE S0 " I — A
# PRELIE R MR, SRR (S 100 m/12 RYEISEHD) .
#75m /24 MR REEMEY 1 s, HEGHRIAEF, SRR
CERTIFY_STEP_M = 75.0

CERTIFY_HEADINGS = 24

VERIFY_STEP_M = CERTIFY_STEP_M

VERIFY_HEADINGS = CERTIFY_HEADINGS

@dataclass(frozen=True)
class CoverageCertificate:

CESHET: SREEX + B+ RAr bR,

kind: str # "full_disk" | "forward_half_disk"
target_step_m: float
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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 # AEPML: N AEE () o 5 r_eff min_m HEIHEE

60 # U RS S R S ) . 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 > O

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—fp iR S+ ES + R (OMRTIER]) .

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.points]}

101

102

103 # —m oo KA
104 def omega_positions(step_m: float) -> list[Vec2]:

105 nnQ NIYEI AR L E 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]]:

ws G, B EARRHE (R @ B WIS,
114 return [(x, y, 2.0 * math.pi * k / headings)

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 nreaf radius_m [RIEENRIOTREMRIE S (LKA o

120 span = int(radius_m / spacing_m) + 1

121 return [(spacing_m * i, spacing m * j)
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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[tuplel[int, int], list[int]] = {}

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

129 table.setdefault((int(x // cell), int(y // cell)), []).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 ML U B B PR ALIERS (Python REEAL. #2ML) .

137

138 SUTE 55058 5 23 (I ARRH AB AR AR A IBCRE R /B R 5 . kS 1 T1 - Il i R/RBR.
139

140 “"r_eff " / ~"heading margin_deg " JExxPifHiExx: BAAMRIE dyp
141 S SCRFECYEORTE ™ (BER < r_eff. HiJefi < 90°-margin) . flRFHS
142 RS A AL EMAACREE (p,h) WBE (S2 HEAIEEML) .

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, cj = 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, Ccy - 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) - le-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 "SRG BUOR BT B AR ORI ik, R IR 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, 0

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

185 def nn_tour_length(points: list[Vec2], start: Vec2 = (0.0, 0.0)) -> float:
8 REASIFRS KRR ER) o

187 remaining = list(points)

188 position = start

189 total = 0.0

190 while remaining:

191 nxt = min(remaining, key=lambda q: (q[0] - position[0]) ** 2
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192
193
194
195
196
197
198
199
200
201
202
203
204

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
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261

def

def

+ (ql[1] - position[1]) ** 2)

remaining.remove (nxt)

tota
posi
return t

_hit_dis

1 += math.dist(position, nxt)
tion = nxt
otal

tance(points: list[Vec2], position: Vec2, heading: float,
r_eff: float) -> float | None:

" TR H 1A R R ORI A b U ] Noneo Mt

ux, uy =

best = N

for (cx,
dx,
if d:
if d:
dist
if b

return b

_nearest

math.cos(heading), math.sin(heading)
one

cy) in points:

dy = cx - position[0], cy - position[1]
x * dx + dy * dy > r_eff * r_eff:
continue
x % ux + dy * uy < -le-9:

continue

ance = math.hypot(dx, dy)

est is None or distance < best:
best = distance
est

_distance(points: list[Vec2], position: Vec2,
r_eff: float) -> float | None:

"REREE CREORAIR) 3 M r_eft WA, 1

best = N
for (cx,
dist
if d

return b

verify_f

one
cy) in points:

ance = math.hypot(cx - position[0], cy - position[1])
istance <= r_eff and (best is None or distance < best):

best = distance

est

orward_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 DY NG SC: Y (p,h) AR AR Y BT A

" “headin,

g_margin_deg™ " JE*xiF P5AE b+ R HT A MAME E: FE A Il R oy

"HiEJEMA < 90° - margin'. L CUr_eff T MR RSN, SRR LY
TG PV AT Lo s e o FLSE (p' b)) BERAEAR < step - v2/2.

22 .

JifiiZ < 180/headings JF, HZE

r_ef

T RE RIIE

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

le-p'l < 1000 H (c-p') -uh') > 0, XIE& S2 Bt Rkt

R e BN 0 FIRIEMIBL AR o

points =
targets
table =
missing,
sin_marg
for (px,
ux,
ci,
best
for

list(points)
= forward_targets(step_m, headings)
_bucket (points, r_eff)
worst = 0, 0.0
in = math.sin(math.radians(max(heading_margin_deg, 0.0)))
py, heading) in targets:
uy = math.cos(heading), math.sin(heading)
cj = int(px // r_eff), int(py // r_eff)
= None
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]
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) - 1le-9:

54



262 continue

263 distance = math.sqrt(distance_sq)

264 if best is None or distance < best:

265 best = distance

266 if best is None:

267 missing += 1

268 else:

269 worst = max(worst, best)

270 return CoverageCertificate("forward_half_ disk", step_m, headings, r_eff,
271 len(targets), missing, worst,

272 nn_tour_length(points))

273

274

275 def verify_full_disk(points: list[Vec2], step_m: float = VERIFY_STEP_M,
276 r_eff: float = R_EFF_MIN_M) -> CoverageCertificate:
SN @ SR retf WPy, "

278 points = list(points)

279 positions = omega_positions(step_m)

280 table = _bucket(points, r_eff)

281 missing, worst = 0, 0.0

282 for (px, py) in positions:

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

284 best = None

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

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

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

288 cx, cy = points[c_index]

289 distance = math.hypot(cx - px, cy - py)

290 if distance <= r_eff and (best is None or distance < best):
291 best = distance

292 if best is None:

293 missing += 1

294 else:

295 worst = max(worst, best)

296 return CoverageCertificate("full_disk", step_m, 1, r_eff, len(positions),
297 missing, worst, nn_tour_length(points))
298

299

300 def verify_plan(plan: CoveragePlan, step_m: float | None = None,

301 headings: int | None = None) -> CoverageCertificate:

302 RS 7 B I SR

303

304 BRINAE F B 45 B A B RAE R (2R 76 m / 24 1Y) « BOHLAIZTTIIRAE
305 Sy AN SR S AT I R A RS AR R e BT 4

306 2217 (" load_plan~ H{ lru_cache) , FiFFE AT —UJEA .

307 e

308 certificate = plan.certificate

309 if step_m is None:

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

312 headings = (certificate.headings if certificate

313 else VERIFY_HEADINGS)

314 if plan.coverage == "forward_half_disk":

315 # BEAGIEAS: HAE BRI/ A B SO T R R (IHIEHB A

316 # r_eff=1000. margin=0, 5 [1ZHNM—3L) »

317 return verify_forward_half_disk(

318 plan.points, step_m, headings,

319 r_eff=(certificate.r_eff_min_m if certificate else R_EFF_MIN_M),
320 heading_margin_deg=(certificate.verify_heading margin_deg

321 if certificate else 0.0))

322 return verify_full_disk(plan.points, step_m, certificate.r_eff_min_m
323 if certificate else R_EFF_MIN_M)

324

325

326 B m oo bapl|
327 def seven_points(ring_radius_m: float) -> list[Vec2]:

328 nrefERT-Bu s R + b6 Fap i e

329 return [(0.0, 0.0)] + [(ring_radius_m * math.cos(k * math.pi / 3),
330 ring_radius_m * math.sin(k * math.pi / 3))
331 for k in range(6)]
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333
334
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343
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399
400
401

def seven_plan(ring radius_m: float) -> CoveragePlan:

n S AT (BEEEIEWTH validate_seven_coverage i) o """

return CoveragePlan(
name=f"seven-r{ring_radius_m:.1f}", problem=3, kind="analytic",
coverage="full _disk",
note=("f#HTIFH] max(r/v3, sqrt(R2+r?-v3Rr)) < 1000; "

"re1122.9, 17321 WAL, MR NK BB ,

points=tuple(seven_points(ring_radius_m)))

def square_49_plan() -> CoveragePlan:
B IR 700 m A% 49 i (GRargetk, MREIERLREGXTED o e
return CoveragePlan(
name="square49", problem=4, kind="certified",
coverage="forward_half_disk",
note="FLICX]ffi 700v2~:989.95<1000 MFEsrActh: MAChE/ TN 1.6 £,
# 75 coverage.coverage_points() 5%E4—3 (y HIKREIN) . fREH
# L grid49_immediate AZENIWEH .
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() 4 nn_tour_virtual_s ZEJRAS|: HEEIRB LR F B
known = {field.name for field in fields(CoverageCertificate)}
certificate = CoverageCertificate(

x*x{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:
RN TR verify T CHENUZT TR GERENZEAE) o
path = PLAN_DIR / f"{name}.json"
if not path.exists():
raise FileNotFoundError (f" 447 il %] {name!r} ({path}) ")
plan = _load_plan_file(path)
if verify and plan.kind == '"certified":
certificate = verify_plan(plan)
if not certificate.valid:
raise ValueError(
U EEIR {name!r} BTG RN ¢

f"{certificate.uncovered}/{certificate.targets} 4> (p,h) AR#FEH")

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,

headings=certificate.headings, r_eff _min_m=certificate.r_eff min_m,

targets=certificate.targets, uncovered=certificate.uncovered,
worst_hit_distance_m=certificate.worst_hit_distance_m,
nn_tour_m=certificate.nn_tour_m,
generator_sha256=(plan.certificate.generator_sha256
if plan.certificate else "")),
points=plan.points)
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402 return plan

403

404

405 def plan_instance(name: str, verify: bool = True) -> CoveragePlan:
406 CGE NI SRR B A SR RE R .

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 ARG (FRED . o

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:

421 "R+ JES CERERAT) 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
OB TR SN (referee 1) B AARBAME ML MIA .

1
2
3 GRMR (SEITENGRE)

4 - TENNIAMELES S A " Treferee” (F mem26b M) , 1B TRMRIGLAENE
5 - AERTEMR/ B referee MIFEITIAFIEMK :class: "Transport”,

6 FrFE PR RRE NS B T R H A .

;

8

9

Al S HTTP MRy ; EAE Source MHYFHET referee 5illiif.

11 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 A B R SR AL A IR S 4 L EURE I R e

T P IO AR S B R —8 T Ik
(output/ql/practice/*_actions.json) AMELER i, 257 v B i 1)
RS 24 15 R 45 2 3 ol 1 R JLS 2058 5 W A5 o

R FFICAL (% 3H request_id A2 N5 R AR AT
WAZ 5L WEEIXRiER ScriptedFaultTransport) o

O 0 NN U R W N =

—_

from __future_

import annotations

13 import json
14 from urllib.parse import urlsplit

16 from ..protocol.transport import Transport, TransportResponse
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17

18

19 class PlaybackTransport(Transport) :

20 ""events: J#H#Z:H i [{path, request, response, ...}, ...l, ""
21

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

23 self.events = list(events)

24 self.index = 0

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

26

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

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

29 raise AssertionError ("[n]jif H i AR A ER)

30 event = self.events[self.index]

31 path = urlsplit(url).path

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

33 raise AssertionError(

34 £ EA S % uiER {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

gk RAE R (MR L ) © RFC referee.scenes, Wi APARCLE o

1

2

3 AEHHEAWIAY CLI ~ --self-test™ AT, MU UL MR ;

4 BRIAK A R Y B L R RS 10~16 AL ALETE HAREIA

5 YsorA . BUEESE (1..20 HIFE) . ARECKEE [1000,1500] 155,

6 5o AR, BRSBTS RS0

7 wun

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 = None):

18 nn AN ProblemConfig AYRETH H FEMiGT & referee [ Specs

19

20 max_real_duration_s YT --self-test FSZHIFIE AL (BRi\ 1800s) ;

21 IESOW DRSS #% /enter IRIEIAMUE, PEIALEIAPRRRAEIED 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,

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
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45
46 def random_omni_scene(seed: int = 20260910, count: int | None = None,

47 config: ProblemConfig = ProblemConfig()):

48 R DU A)s] s A4 U5 AR mem26b.sim.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 R BRATR A5 count N directional ANAEN PR, "t

55 return _referee_scenes.mixed_scene(seed, count, directional, referee_spec(config))

src/mcm26b/harness/simulator. py
RSN T . ZAXBA ProblemConfig -> referee.LocalSimulator,

TEMMLSCEAE M7 ) referee (config= ¥l T spec=) ; 7T FUHLE WL
TEREA M 5 A4k SE DL " config=ProblemConfig™ " #4Ji, MWLETHLIN UL
:func: “harness.scenes.referee_spec . E{HZM Source JRKH referee.

from __future__ import annotations

N - Y T N N

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(), **kwargs):
20 super () .__init__(sources, robot_id=robot_id,

21 spec=referee_spec(config), *xkwargs)

src/mcm26b/harness/suites.py

1 REEFRMELE S =/ R [ E Y R E L S B (W im e ) .

2

3 fEEN (docs/H =M MAL 52171 H TS . md §1.4 B6 / §P1-3) :

4 PIRIEAEEER 20 A4 a x5, ffi avg_locate_clear_time_s [HZT
5 Cvirtual_time_s™, WIGIESCIEALM S MISE IS, SR AL A U S8 R I
6
7
8
9

TRADK A 5 JRAEAE R, JF Hoee ARt T L AN 5 T
A B FRY 7 R EEAE ) — 5 PR A

B PEAR S S EIEL . SN S Transport EIWIN.
o

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

24 # S WY DT LB IESERI PP T 5 %L (seeds 100 -105 x 10/13/16)

25 Q3_SEEDS = (100, 101, 102, 103, 104, 105)

26 Q3_COUNTS = (10, 13, 16)

27 # SEIE: ZReER A R /7 A 7 250

28 Q4_SEEDS = (200, 201, 202)

29 Q4_CONFIGS = ((10, 3), (13, 6), (16, 8))

30 # REYM M 5 benchmark_qg3_bayes.py [ [14%, PRIUEZ mlE & 52 ] & B
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32
33

35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
50
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52
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54
55
56
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58
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63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
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86
87
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89
90
91
92
93
94
95
96
97
98
99

100

ERROR_SEED_BASE = 20260910

@dataclass(frozen=True)
class SceneSpec:

def

def

AR A S WL SERECRE,

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]:
R (OO o
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)

_boundary_sources(spec: SceneSpec, config: ProblemConfig) -> list[Source]:

nE AR E SR RATRALT @ R r_eff HUT R

B Az, BIXHSEM L, bR A TE
SEPU I A ) ELT e B o GRASFIT R ke
AR B R AN
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

core_scenes(problem: int) -> list[SceneSpec]:
mn R R B R AL X ) s P e
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,
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,
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101 error_seed=ERROR_SEED_BASE + seed, count=count,

102 directional=directional))

103 return scenes

104

105

106 def boundary_scenes(problem: int) -> list[SceneSpec]:

107 TR R E SIS (BE 2 3 10 S 16 JE) o v

108 if problem ==

109 return [SceneSpec(f'"g3-boundary-n{count}", 3, "boundary", O,
110 ERROR_SEED_BASE, count)

111 for count in (10, 16)]

112 return [SceneSpec(f"g4-boundary-n{count}-d{directional}", 4, "boundary", O,
113 ERROR_SEED_BASE, count, directional)

114 for count, directiomnal in ((10, 5), (16, 8))]

115

116
117 def suite(name: str, problem: int) -> list[SceneSpec]:

118 nE SR BLE B core / boundary / all. """

119 if name == '"core":

120 return core_scenes (problem)

121 if name == "boundary":

122 return boundary_scenes (problem)

123 if name == "all":

124 return core_scenes(problem) + boundary_scenes(problem)

125 raise ValueError (f" RHISEUESE {name!r} (AL core/boundary/all) ")
126

127

128 def suite_manifest(name: str, problem: int) -> dict:

129 nengE RSl iR B, m# (B O\ manifest.json) o """

130 scenes = suite(name, problem)

131 return {"suite_version": SUITE_VERSION, "suite": name, "problem": problem,
132 "scenes": [scene.as_dict() for scene in scenes]}

src/mcm26b/harness/transport.py

ORISR PRI T <> BN Transport ¥EH + HIEEIEAMIA

1

2

3 LocalSimTransport il referee {I[f] handle_raw (L5 HTTP fRZ#s4L MY H—
4 RS ERRNATERIIAMER, R AR T NGE S A A2

5 - “ 'drop_before" " PN, ZfEARIEBRS AR (AR

6 - ~“"timeout_after" "~ JRSSERCZBIICAERL, HMIN ELK CLSERELEEL)
7 - ““("status", n) " JRGHIREEE HTTP MRZSHS (41 500/429)

8 - ““Nome " IEH AT -

9 MRS — AT

10 e

12 from __future_

import annotations

13

14 from urllib.parse import urlsplit

15

16 from referee.interface import handle_raw
17

18 from ..protocol.transport import Transport, TransportError, TransportResponse

20

21 class LocalSimTransport(Transport):

2 AR RIS ST PENLEES] Transport #11 (5¥LSE HTTP [ —iiA) o """
23

24 def __init__(self, simulator):

25 # simulator: referee.LocalSimulator (CREI:fifEFSFHE, MASAITE)
26 self.simulator = simulator

27 self.received: list[tuple[str, dict]] = []

28

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

30 return self.request("POST", url, body, headers, timeout)

31

32 def request(self, method, url, body, headers, _timeout=None):

33 " RERATERIR: PIFER B TCP. UT LB, "

34 target = urlsplit(url)
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35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

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):

"R ACTE N R R A R e

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)
fault = 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) # J[R45aiCL %8
raise TransportError("injected: read timeout after server applied")
if isinstance(fault, tuple) and fault and fault[0] == "status":

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

1
2
3
4
5
6
7
8
9

38

"UPAb DU MR OB B AR SO B

Lj belief.CandidateRegion (fR<FIMAMI, ToikFibEN 2" HAb:
FE AR A AR N BEEAE N 2 no_signal HERREL" RN AR,
DA S RE = A R R A 3 ) ——

1. BUEIER: EEERNDT = TR = EHETE (U, THESEKS)

2. BRIMIN . SEAEARE DR NE RS > romax + iR = ZIRWED no_signal,
HAT AR, TR (B 5s Rl + 1s D)

3. OISR no_signal HEER B(s, 1000), MR AMIEL, B4R EIEMIHE .

FEREE (LR EHL, docs/algo-3-bayes.md §2) : K&HHE h Al Voronoi #iiE
m = sqrt(2)/2 - h EAROEREIE— SR KIES. I kill AEHNSE o,
P S Y HEAR 5 0] AT SR ASHE A I A A /,(J'?Fﬁf/r% ST R S EEA
WOZAE R AP ——E I 5 5 e S R, H:

- EBEF: MECGETR) .R + m <= 20 - TSR — BEEHERS <= 20;

- GREIER: ERENE = WATENS

WEIE S5 S7PEML referee.LocalSimulator —%{ [T :

- no_signal: Jfif > r_eff >= 1000 = W[{7# N B(s,1000) = &;

- direction: §ij <= 1500, /RIABFIRE |FE-HIEH] <= d_eff (SFHAMHR) ;
- near: FHE <= 5,

ﬁ'él’iﬂr kill HEHEHGE 0(D %%E ﬁ%i&iﬂﬁ%’?ﬁi’mﬁﬁ*ﬁiﬂ%;hﬁﬁ
%“?Jl BIEIRE CF2 AMIHE) BRHEFIRE + o TS5 AR I £ o5 AT F o

from __future__ import annotations

import math
import os

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  # ffj|i] kill LRG435
_DIST_EPS_M = 1e-9
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39
40
41
42
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
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
107
108

_COARSE_FACTOR = 4 # MR AR R A I IAE AL

try: # numpy XA/ T] Bk fIE G s BROCHT2EEiR 4l Python
import numpy as _np
except Exception: # pragma: no cover - I BEJC numpy HJiEZ Python 4337

_np

= None

if os.environ.get ("MCM26B_NO_NUMPY"): # pifil4l Python: X415 MIIELGIE

_np

= None

def angular_gap(a_deg: float, b_deg: float) -> float:
AT () MRS,
return abs((a_deg - b_deg + 180.0) % 360.0 - 180.0)

def as_sample_array(samples):

el [(x,y), ...] REEEEE (n,2) float64d H4l; numpy HRRIHEARELR [ .

4R OURFET x TRED) WMEIZH, &5 CPU Y EFF4Y
(S 72%) o PR J7 A U s AT A — Ik, PR R B4R
P45 (numpy / 4fi Python) B SUZENLXISF, UL tests/test_particles.py.

if _

np is None or isinstance(samples, _np.ndarray) or len(samples) == O:
return samples

return _np.asarray(samples, dtype=float)

def _branch_radius_array(members) -> float:
nn o R IR AN B SO R R,
centroid = members.mean(axis=0)
return float(_np.max(_np.hypot(members[:, 0] - centroid[0],

members[:, 1] - centroid[1])))

class ChannelParticles:

BB PR R A AR

[ @ SN R G B) L RF] a5
“alive' REAMRGIED. WK = OB < 0 G + R
LU T, BBEOR (1p) <= 1800 LEIN) Frfefbis tERmItEn
““version™ BORFUMINKEI N, AT TTHRILEIAIRAE R (MEC, BEMAISE) .

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 ("[W4%E|fEZi{E [1, 2001 k")
self.margin_m = self.spacing_m * math.sqrt(2) / 2 # Voronoi i
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, Reml” BOREAIRES: A% (1,3) MHULTE
# (x0 + (i+0.5)h, x0 + (j+0.5)h), FOFFEHNIT— <= h - v2/2 = {fi&E
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 + 1le-9) *x 2
self.alive: set[int] = set()
self._coarse: dict[int, int] = {} # HIIEZT| -> EfFguissL
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:
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110
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112
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117
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141
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def

def

def

def

index = i * self.width + j
self.alive.add(index)
key = (i // _COARSE_FACTOR) * coarse_w + j // _COARSE_FACTOR
self._coarsel[key] = self._coarse.get(key, 0) + 1
self.version = 0
self._mec: tuple[Vec2, float] | None = None

—————————————————————————————————————————————————————————— %7 A

_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:
AT B A R AR R — IR .

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

—————————————————————————————————————————————————————————— W
_kill_disk(self, center: Vec2, radius_m: float) -> None:
mERAR O BE center <= radius_m RYRFEELAR CEARAE WERIER) 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)

_kill_outside_disk(self, center: Vec2, radius_m: float) -> None:
woi RSO center > radius_m BYRRELEHE (PEEEIEA) o
if not self.alive:
return
reach = radius_m + _DIST_EPS_M
doomed = [index for index in self.alive
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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 w A LR R EEEGB . 6_eff + A RIS R SETTAG .

184

185 AR = asin(m / max(dist-m, 1)): M RUHDEAE ORI T {7

186 REANE GIEENAET T o, BUrEFHNSE n) .

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  # ARG AR AL ATFR I AR T ], AN AT

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 mEECE TR . EURREE VR Voronoi MERIE (BRI .

208

209 ““directional=True "~ (%EPU[A]) : no_signal ** A% )ik *x E A
210 FAFFERIA AT RESK IRy, BRI 2 [RIE S5 M B s 1) 2 B

211 :class: ~mcm26b.belief.joint.JointBelief ™ 4k,

212 e

213 if result == NO_SIGNAL:

214 if directional:

215 return

216 # no_signal = dist > r_eff >= 1000: ¥f&¥% N B(s, 1000-m) FAIfHl.
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 JLAQWAJNIENT 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 (£" KM 455 : {result!r}")

228

229 e -—- e -—- 25 3f1]

230 def __len__(self) -> int:

231 return len(self.alive)

232

233 def alive_points(self, limit: int | None = None) -> list[Vec2]:

234 sorted_alive = sorted(self.alive)

235 if 1limit is not None and len(sorted_alive) > limit:

236 step = len(sorted_alive) / limit

237 indices = {sorted_alivel[int(k * step) % len(sorted_alive)]

238 for k in range(limit)}

239 indices = sorted(indices)

240 else:

241 indices = sorted_alive

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 O ERSEAROBEES s > limit_m WfIRE] None CHUMEIAH + FHIIED o

246

247 RIEETE S W hBOE R OPER (5 <= limit_m) ; None FI/Rfif

248 TGO limit_m. HARRGRECTEASTMEE . A,
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249 nun

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  # HAMNAMPIAMEOM >= TR >= YuiEkik

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 # M JMfijIf (Chebyshev If)

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) = W) no_signal, U THILHRE. """
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 e sEfRAE R MU (B, fR) ;5 #% version ZBAF. "Mt

293 if self._mec is None:

294 if not self.alive:

295 raise ValueError ("-:/7Hih%8 (IME CHEWIGE ) ")

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 5 B4R

301 def subsample(self, size: int) -> list[Vec2]:

302 n SRR RS HI R (RS PREET, RESAS I o

303 return self.alive_points(limit=size)

304

e ALY (T3

306 def _expected_survival_vector(self, point: Vec2, sub, representatives) -> float:
307 mnsexpected_survival™T [HEALSEIEL (54l Python MRZEZEHEX) 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)

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)
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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 [ EALSZIL, "

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(sub[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 A7 EE]  HLIN I SHTE 1 B B

359

360 r_eff AHEMEMHTFNSY: dist€(1000,15001 Hf#% r_eff~U(1000,1500)

361 B p_ns=(dist-1000) /500 }j no_signal 43 ZHfEHK.

362 - no_signal 43 : | B(point, 1000-m), 3EfF = T-RFEFREAMLA];

363 - direction 4337: DIARESINAIIEEE, Ml N B(point,1500+m) HNETF;
364 - near 433 (dist <= 5+m) : A[f7HEKHER] sm B, A NHLEE 0.

365 e

366 if not self.alive or len(subsample) == O 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

382 p_ns = min(1.0, max(0.0, (dist - self.r_eff_min_m)

383 / (self.r_eff_max_m - self.r_eff_min_m)))

384 reading = math.atan2(rep[1] - point[1], rep[0] - point[0])

385 survivors = 0

386 for p in subsample:

387 if math.dist(p, point) > self.r_eff_max_m + self.margin_m:

388 continue
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def

def

def

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) ==
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(1 for p in samples if math.dist(p, point) <= reach)

return count / len(samples)

_branch_radius(self, members) -> float:
"SR EARARE AT RARR H UL R ROREER (0(n), e Welzl) o "
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:
men—EE IR R Ok) 3R RN, BARTERRIEEE.

SHFARE MBS (BEfERE) # r_ef£~U(1000,1500) M@
no_signal/direction 433, near 433 (dist <= 5+m) J5¥ K 5m #%:
For R E TR PO BRI B (22 << 188, HIPHD -
U worst-posterior [, (HAEM T& SOW MM N =174
HDUWBAR R (R SR SR e Al
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])),
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)

68



src/mcm26b/planner/__init__.py

N R = N O R

"""P3/P4/P5 SRR : LA WA E YR

P3 SIS (B PRIEIRENES: Q 2RIk near 43%)
- K1 = Q N W(sl, 61x8) N B(sl, 1500); “Ze4fiikir+ I
geometry.planning.first_bearing_candidate_disk (§<=1.005° [fJE5s
- TEPMIEFZI#: B(mec_center, 1000-p) WIMEREREIER, L
"SR E E e O B iR bR BRI A U
- RFEREEEN (BFRAR S < SEUXEEG ) . AR RIS
W thfi: B 1/4 M ’EV?UIH*J:?E’(’"MEL
- iRl near Wf: RIEJETE 5m PN, BEFEEXUAIHIEZA /clear,

P4 AR (Bl 10/16/0 Pty AR, BUEFERSHEEN)

&I (coverage.CoverageLedger) -+ Efi (belief WIE() - Wk - FEEH
o Jexit. AHMHE" CIEREGERARELE" GRS R WUIF A
persistent_searchb] LG FIRIERRMGE, HEIRM AL GEBREGE 16 /
SIHHEFERL / RS EAE) o completed FRITFSIEMTER (45K

I 447 i% Y CLEARED/ABSENT HIGHM;) ; accounted_virtual_time_s i3
B UGIER A L], 5 5 3 BRI A8 A BT o

Wit / USR8/ SPAEEREIR R W AR R ) Jexit 7= IR SERE summary
(stop_reason JCHIWIZRA, MBS  ANEBRERSTE

P5 FEY E (MR AFEHR)
- 49 N SR BUGSIERT 2 PR R AR GRAE oS, R R
EEDL—ATR) . BB TEIAL;

- PRIFZCE M no_signal MR HEANGEERARRE DULIUHERED : M58 e
CSREE A SRS SR BEA LRI NI A ik (BTIEAS RN

— SEPLE R AT SRR <=20m AIREIAEE (fallback_clear_cells) ,
BUEREN GBS /clear (TERRSHIMTEI) o A%HERE T ul WA 2 R Bk
AAREH.

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 F8F b Wi (0-360, 0 K x IEJT, wAEER) o vt
return math.degrees(math.atan2(b[1] - a[1], b[0] - a[0])) % 360.0

def _error_brief(exc: BaseException) -> dict:
"N (sunmary BIRGD) ¢ A + BRI
return {"type": type(exc).__name__, "message": str(exc)[:500]}

@dataclass(frozen=True)
class SecondPointPlan:

R KB R (P8 ) o
position: Vec2

worst_posterior_radius_m: float
move_cost_s: float
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69 reason: str

70

71

72 @dataclass(frozen=True)
73 class ClearCertificate:

74 mERRIET R AEAMIEARE (BERIRZE) AR 20m FE{E. "t

75

76 channel: int

77 center: Vec2

78 radius_m: float

79 limit_m: float

80 certified: bool

8

82

83 def clear_certificate(region: CandidateRegion, channel: int,

84 config: ProblemConfig = ProblemConfig()) -> ClearCertificate:
85 "nip_poly <= 20 - AMIIERlRZE - TSR A RITFLEERR. "

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]:
05 LRERICEAIIRES: O + EHLERER x K.

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:
110 O EE A g, DT BRI < 3 3 IS B AL A

111

112 Bk direction WX @(g)+d (im 24~ g M AFBLD |
113 PIK near——Fy%{E q M near_radius_m EJJ5Hk B(q, near) NfEikf.
114 DRAEHENCRE A no_signal AWRERL. WORMALS o

115 XA, AR EER [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{EEHEASHMHIE: near /X AW FELR A, Bhid
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]  # JoATRLRAF mIITE |21 4%

135 return max(posterior_radii)

136

137

138 def safe_disk_radius(region: CandidateRegion,
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139 config: ProblemConfig = ProblemConfig()) -> float:

140 e UIEE A, B(mec, safe) MR <0 EAREMEE (p M &HE/NMEBRCERE)

141

142 IEPERE S B 4545 ) BE B <= safe + p + 1le-3 < 1000 <= f/MENEAE,

143 WO SRILE] direction/near. 1mm 4{{H A RERIFSWIAHE r_ef£=1000 (15

144 |} 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 "FEGUIEREC R N PR TR (P3 Bl XMEERLAEEAD .

152

153 ORIEHAEL B(mec_center, 1000-p): i P4TRE i BMGEHE 4245 B B9

154 <= (1000-p) + p = 1000 <= fH/MEWFEE, W RILF] direction/near,

155 AEIRTE—IK no_signal, p>1000 HJiE{LA#RZE MEC [#.L> (W fE no_signal) o

156 e

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 FC{H4IE7E safe_disk_radius PJiclk.

165 safe_radius = safe_disk_radius(region, config)

166 if safe_radius < O:

167 return SecondPointPlan(tuple(center), radius, move_cost(center),

168 "TEARIEEN . (p>1000) : % MEC [, W[HE 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#% B(centre,{safe_radius:.0f}m) [N {len(samples)} fEik; "

184 UM SRR IR {best_worst:.1f}m, 1/4 [A|PEIZE % {dense:.1f}Im")
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 "nvp3 A[1: MK direction Hik Ki. JEII(RIESCHISE KA TR, "

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 OmnidirectionalLoop:

200 RS A ) R I A TE R R IR (P4 B+ FREHEER)

201

202 H{7UKZ) SimulatorClient: ZHEMYEYFE 49 5% X145, UNKNOWN #iisi

203 Grill; KB direction BIHENZMGEM EALFIEA (3 5D 8-

204 HEATIER) , near FLHNFR. 4iiiE " CiEBREGER AR 5%

205 ““search.persistent_search™~ (BRASCH]) WiEFEHEH

206 RIGHRIGE, HBEREGE 160 SCHIHEFER SRR 2R AL

207 stop_reason TRIEMLEHF K ~ completed™ ™ F/RITFSIEI 58 MK

208 (LT3 4535 Y CLEARED/ABSENT HIEHWT) . S "EHZIRE A&
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209 A HPAT: accounted_virtual_time_s %1 UKHEBHFR4 1 4L Z1)
210 Wi
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 # ?ﬁ%il‘iﬂ%"TFﬂéﬁﬂi? A TEIBA T HREE " — 2R 5 s FERBRIN RS

218 # i 49 i (grid49_immediate FEZRITRAZE) | & WHURNS HITE 5.
219 self.coverage_plan = square_49_plan()

220 self.ledger = Coverageledger(config, points=list(self.coverage_plan.points))
221 self.cleared: list[int] = []

222 self.anomalies: list[dict] = []

223 self.stop_reason: str | None = None

224 # BHEGEIEIERIE (pf_empty / coverage) , it 58 CiE 5B M.
225 self.absence_evidence: dict[int, str] = {}

226 # "[El— 0.5m Wkl x [W]—HGE" A EGA T PR R T i R

227 # 7 98.84% HYMERLINFETERE A L. AL ER I FHE R .

228 self.redundant_rescan_measures = 0

229 # H UGS R EGE Y C ISR EGIE AR B BRI %) (FeaiEs]) .

230 self.accounted_virtual_time_s: float | None = None

231 # JEPAME /clear RV LABSEHNINFFE R, e Fl—iE 45 1

232 # U IHFE 3 B/ IR RITE R

233 self._may_clear: set[int] = set()

234 # W/ VRSB SPIEVE R . AR RH, RS AN summary,

235 self._abort_detail: BaseException | None = None

236

237 # o ST mm s - B S¥li
238 def run(self) -> dict:

239 n R IR AR RE LAV Jexit I summary, FAGFEHERELE.
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: # BANTEFAARE, AIHE Jexit HE5HRICE
267 self._abort_detail = exc

268 self.stop_reason = "unexpected_error"

269 info = None

270 exit_error = None

271 try:

272 info = self.client.exit()

273 except Exception as exc: # BEOARH: I03E0rE BARSE RS

274 exit_error = exc

275 summary = self._summary(info)

276 if exit_error is not None:

277 summary["exit_error"] = _error_brief(exit_error)

278 return summary
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280
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290
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304
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329
330
331
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333
334

336
337
338
339
340
341
342
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344
345
346

348

# oo e LR HSHIE

def _min_virtual_reserve(self) -> float:

o EERERT ERBOMAE AT, BT R

ER = 2 x Bty niiEeg / \FI + R+ A (FLEE A2
PRI X ZAMETIESS) o M BRI T AN R PRAIE R NG
PN, Ardb R DL R R A B ET AL 100 /NI E R
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)

def _virtual_cap_reached(self) -> bool:
mn Rl R AR . B stop_reason JfiRM| True, W SLRILE.

KRR THRIREMERER EA ()L :meth:  _min_virtual_reserve”)
“search.virtual_reserve_s=10000s"~ [T.f2] 2470458, il
FitfF2 §4.5 f 100 /N b FRABIASILIE i i 450K
nun
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

def _all_accounted(self) -> bool:
return all(belief.status in (ChannelStatus.CLEARED, ChannelStatus.ABSENT)
for belief in self.belief.channels.values())

def _record_accounted(self) -> None:
O B CL BRI A I A R (i)
if self.accounted_virtual_time_s is None and self._all_accounted():
self.accounted_virtual_time_s = self.client.state.virtual_time_s

e B B
def _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)]

def _next_point_index(self) -> int | None:
"URA UNKNOWN U PRI RIS (FLORGESS [TRD) 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

def _coverage_phase(self) -> None:
while True:

if self._count_limit_reached():
return

index = self._next_point_index()

if index is None:
return

point = self.ledger.points[index]

for channel in self._pending_channels_at(index):
if self._virtual_cap_reached():

return
outcome = self.client.measure(point, channel)
self.ledger.mark_measured(channel, index)
self.belief.update_measure(channel, point, outcome.result,
outcome.svd_deg)
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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: # Mg FEAKA: (near fifft 5m) ; fR5FIEE

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 Tttt FEiE
363 def _persistent phase(self) -> None:

364 o o O CL R /AE W TR RS DA pedfE 2026-09-111,

365

366 JUFIARTEBRHE (DETECTED 4k%:Efi, ABSENT 2:Piigiill, Bhmifblas

367 i S F’x“ﬂ:}/. . HINEREGE 16 BRI AREAR

368 LHUBFLHI% /15 DeadlineExceeded JEJIE (HEIFRM Hy1k)

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 mn A RS E I R IR AR, B AR T R .

379 measured: set[tuplelint, 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 # RN 7B R IE . SPEVERIR, HORHEE 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

410

411 def _next_resweep_point(self, measured: set[tuple[int, int]]) -> int | None:
412 A R ERTUE R D B R R (BLO ISR [EARD) 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)
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440
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459
460
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468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488

def

def

def

def

if best_index is None or distance < best_distance:
best_index, best_distance = index, distance
return best_index

_resweep_channels_at(self, index: int,
measured: set[tuple[int, int]]) -> list[int]:
return [channel for channel, belief in self.belief.channels.items()
if belief.status is not ChannelStatus.CLEARED
and (channel, index) not in measured]

_count_limit_reached(self) -> bool:

if len(self.cleared) >= self.config.field.source_count_max:
self.stop_reason = "sixteen_cleared"
return True

return False

—————————————————————————————————————————————————————————— L
_localize_and_clear(self, channel: int) -> bool:

PSERLTIRIR: MR SUIRIIE SRR R

BRIER EER: SEFRABARN SN R4 DETECTED BHfF 48,
HEAAREOITZMGEN A —IK direction 4L, ARVFLRIEER.
search = self.config.search
self._may_clear.add(channel)
for _ in range(search.max_localize_steps):
if self._virtual_cap_reached():
return False
region = self.belief.candidate_set(channel)
if region is None:
return False
cert = clear_certificate(region, channel, self.config)
if cert.certified and channel in self._may_clear:
if self._attempt_clear(channel, cert.center, cert):
return True
self._may_clear.discard(channel)
continue
plan = select_measurement_point(region, self.client.state.position,
self.config)
outcome = self.client.measure(plan.position, channel)
self .belief.update_measure(channel, plan.position, outcome.result,
outcome.svd_deg)
self._may_clear.add(channel)
if outcome.result == NO_SIGNAL:
self._anomaly("no_signal_in_safe_disk", channel,
position=plan.position, detail=plan.reason)
return self.belief.channels[channel].status is ChannelStatus.CLEARED

_attempt_clear(self, channel: int, target: Vec2,
cert: ClearCertificate) -> bool:

outcome = self.client.clear(target, channel)
if outcome.result == CLEAR_SUCCESS:

self.belief .mark_cleared(channel)

self.cleared.append(channel)

return True
if cert.certified:

self._anomaly("clear_failed_with_certificate", channel, position=target,

radius_m=round(cert.radius_m, 3), limit_m=cert.limit_m)

return False

_anomaly(self, kind: str, channel: int, **detail) -> None:
o SR PP PR TREEF JHOM Hi9L; APB RE R B R .

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, *xdetaill})

_mark_absent_after_coverage(self) -> None:

"R FTRBURIE]: 2MEEAE no_signal MK F(EER DEm). "
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553
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555
556
557
558

def

def

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:

nnE SR SERUR . WM ARTERRY DETECTED AEMEE — 48 fio

AP EE I R RNl _persistent_phase #77,
E[Sa2swi Eas:| run() P _all_accounted #H|%F all_resolved.
nun
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 Nonme:
return

_summary (self, info) -> dict:

mrgE R info O None R Jexit ARAESEM (WiES) . HERSEH LAR.

completed = JoH T H 45 WIS 4F45ijE Y CLEARED/ABSENT (fE45IERH5ERE)
stop_reason ZITICRIGIASE AR (RRalE FMEa Nl o e
virtual_time_cap / real_budget_exhausted / sixteen_cleared)
nun
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)
# EBREGE 16 IR FAER (EEAE LIRS ER A T RER )
2500 R A A5 1Y CLEARED/ABSENTO
completed = (self._abort_detail is None
and (len(self.cleared) >= self.config.field.source_count_max
or not unresolved))
# SEARIE LT R X " H & B 5 R J\L_rhjl /B PRI,
# NS E AN 16 MR B AE I .
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),
"persistent_search": self.config.search.persistent_search,
"virtual _reserve_s": round(self._min_virtual_reserve(), 3),
"coverage_plan'": self.coverage_plan.name,
"coverage_points": len(self.coverage_plan.points),
"coverage_plan_points": [[p[0], p[1]] for p in self.coverage_plan.points],
"coverage_plan_certificate": (
self.coverage_plan.certificate.as_dict()
if self.coverage_plan.certificate is not None else None),
"cleared_channels": cleared,
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559 "absent_channels": absent,

560 "unresolved_channels": unresolved,

561 "absence_evidence": {str(channel): self.absence_evidence[channell]
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 # O EAERRERR (RFRERINK) /7 PERTFPEA .

570 "avg_locate_clear_time_s": (round(virtual_time_s / len(cleared), 3)
571 if cleared else Nomne),

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:

583 mogE I DR SR 2026-09-111: SeAlLkEeh + IR RERURERT S, e
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"].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"1})

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:

620 AR TEARAS PR I R I R S RS R (B E— A% .

621 snapshot = {}

622 for channel, belief in sorted(self.belief.channels.items()):

623 entry = {"status": belief.status.value}

624 if belief.region is not None:

625 entry["posterior_radius_m"] = round(belief.region.mec()[1], 3)
626 snapshot [str(channel)] = entry

627 return snapshot

628
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698

class DirectionalExtension(OmnidirectionalLoop) :

SR ATIIR (PS) : 2L + ERIMATL + .

5 P4 MZEES (MUAGHEE docs/Bhill £ 5 RSP .nd §7) -
- 49 TR R DUORIEXT & ) PR R AR T, BRI B KA PR

- PRUEECEE N no_signal HAEH IR PR CUIUHHD - 2000
iﬂﬁ"i)ﬂﬂ]@]iﬁ“ b J5 % MEC IUHXXTEE%\E”EV BRA LRI
AN B B 2 e (BRI N)

- ENIERE 1&1&&4@9%1“%1_4%%1?%) I F s <=20m A7 PRIEI#E %,
?ﬂ’gi‘?ﬂ BAE /clear: {EBRLWIMIIER [HH], %TLJU?XW%\

WL SE & Ja Fr o AR TR 0 S TS 2 Bk R . a8 E Ho

def __init__(self, client: SimulatorClient,
config: ProblemConfig = ProblemConfig()):
super () .__init__(client, config)
# PO-2: YY) E] [ —(RIE N /M 4 (BRIA g4_mincover_vi) .

self.coverage_plan = plan_instance(config.search.q4_coverage_plan,

verify=config.search.verify_coverage_plan)
self.ledger = CoveragelLedger(config, points=list(self.coverage_plan.points))

self.directional_observed: list[int] = [1  # WL APk A #iE
self.blocked_probes: dict[int, list[Vec2]] = {}

self.fallback_log: list[dict] = [] # JERIEREREIR

# PO-3: (fii¥ x M) HREWATHE Tifﬁl_ﬁf/\%ﬁg 'JTLETT (EXE VAR

# FEEAIIGILE RS A A ?ﬁf"ﬁﬁ#—ﬁfﬁtﬁdﬁ”ﬂ’lﬁ

self.joint: dict[int, JointBelief] = {}

self.joint_absent_channels: list[int] = []

self.visibility_probes = 0 # PIBA Sk R R AL

def _coverage_phase(self) -> None:

" AOUR IR E M SEIE RS . BRSBTSy TR B

SiZ72K el I W= I_TT(FJFTw T3 10 ] e )R 45
no_signal AT M A ML, AN 28 = R Bl B e R .
nun
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))
queue.remove (channel)
self._localize_and_clear (channel)
if self._count_limit_reached():
return

§ mmmmmmmnees e st 5
def _localize_and_clear(self, channel: int) -> bool:

mENL RN G R S A, RN E RIS R
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def

5 P4 WS (RIEHMGBNE no_signal i IR RIPR o8 RY
DL RET A XFBRE A% > FRTHEE T ORI AN ERL 4L
i max_blocked_probes FRii) , ZJEMiARMKSIFT4: G &5,
nun
search = self.config.search
self._may_clear.add(channel)
steps = 0
while steps < search.max_localize_steps:
if self._virtual_cap_reached():
return False
region = self.belief.candidate_set(channel)
if region is None:
return False
cert = clear_certificate(region, channel, self.config)
if cert.certified and channel in self._may_clear:
if self._attempt_clear(channel, cert.center, cert):
return True
self._may_clear.discard(channel)  # 52N FMIlJS 7 1) Bt
continue
if len(self.blocked_probes.get(channel, [])) >= search.max_blocked_probes:
break  # B HRGHOER: SO, #R)R &R
point = self._next_probe(region, channel)
within_range = (math.dist(point, region.mec()[0])
<= safe_disk_radius(region, self.config))
outcome = self.client.measure(point, channel)
self._observe(channel, point, outcome.result, outcome.svd_deg)
self._may_clear.add(channel)
if outcome.result == NO_SIGNAL:
if within_range and channel not in self.directional_observed:
self.directional_observed.append(channel)
self.blocked_probes.setdefault(channel, []).append(point)
continue # FAMLESWARREIEE AL, APEILEIE &
self .blocked_probes.pop(channel, None)
steps += 1
if self.belief.channels[channel].status is ChannelStatus.CLEARED:
return True
region = self.belief.candidate_set(channel)
if region is None:
return False
cert = clear_certificate(region, channel, self.config)
if cert.certified and channel in self._may_clear:
if self._attempt_clear(channel, cert.center, cert):
return True
self._may_clear.discard(channel)
return self._fallback_clear(channel, region)

_observe(self, channel: int, point: Vec2, result: str,
svd_deg: float | None) -> None:
me ) ORISR (BLE < ®IR) BRE AT AR

BAHE MBS KB W, (direction/near) W : MARWE LI
W p A SEIE A ST . AR AR . MRA RO, HEESH
ZAGEMEEIER ™%, SEEIEME —40F) o AT aTes o Ha .
self.belief.update_measure(channel, point, result, svd_deg)
if not self.config.search.directional_joint_belief:
return
joint = self.joint.get(channel)
if joint is None:
if result not in (DIRECTION, NEAR):
return
joint = JointBelief (self.config)
self.joint [channel] = joint
joint.apply(point, result, svd_deg)
if joint.is_absent() and self.belief.channels[channel].status \
is not ChannelStatus.CLEARED:
self.belief .mark_absent (channel)
self .absence_evidence[channel] = "joint_empty"
if channel not in self.joint_absent_channels:
self.joint_absent_channels.append(channel)
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def

def

_probe_candidates(self, region: CandidateRegion, channel: int) -> list[Vec2]:
n] G B R PRIESRIC + RPERAR + PR + iR

D1 RAELEHVEE): IH AR SE MEC [0 @ BRoRAE 378 B B SIS S
BoA R X e, AR 20m WIAR . PR E
““center + a - CYFIfLE - center) " (a€approach_fractions, a=0 HJ[E.L»)
PRI 741 | ﬁﬁ@“%” PATECRAF ] WA 3 T B UGB R, & DR
FBGEE near W)
nnn
center, radius = region.mec()
position = self.client.state.position
candidates = [select_measurement_point(
region, position, self.config).position]
safe = safe_disk_radius(region, self.config)
blocked = self.blocked_probes.get(channel, [])
if blocked and safe >= 0:
dx, dy = center[0] - blocked[0] [0], center[1] - blocked[0][1]
norm = math.hypot(dx, dy)
if norm > le-9:
scale = min(1.0, safe / norm)
candidates.append((center[0] + dx * scale, center[1] + dy * scale))
# s M MEC [BLOEY SIS ETY] (FROAE) .
for fraction in self.config.search.approach_fractions:
candidates.append((center[0] + (position[0] - center[0]) * fractiom,
center[1] + (position[1] - center[1]) * fraction))
for factor in (0.5, 1.0, 1.5):
ring = max(radius * factor, 2.0 * self.config.field.near_radius_m)
for step in range(8):
angle = math.pi * step / 4.0
candidates.append((center[0] + ring * math.cos(angle),
center[1] + ring * math.sin(angle)))
unique: list[Vec2] = []
seen: set[tuple[int, int]] = set()
blocked_keys = {(int(round(point[0] * 2)), int(round(point[1] * 2)))
for point in blocked} \
if self.config.search.probe_exclude_blocked else set()
for point in candidates:
key = (int(round(point[0] * 2)), int(round(point[1] * 2)))
if key in seen or key in blocked_keys:
continue # O H AP o A S B AR R
seen.add (key)
unique.append(point)
return unique

_visibility_probe(self, region: CandidateRegion, channel: int) -> Vec2 | None:

" "%‘»IIH?&/\TH AR A E;é{_l\fl AT )‘HHJ #Z [ None (iR[F I_ITPF«"T
RO UL R, ASRIUERZ2TE)

- ““nearest_visible ™ (ERIN) : Jofen] WX S E (UEHE

) Prob detect > ratio x max "~ AL, G IET " SEBROAARAE B MRS (1)
. I RN E-qMEC [BLG T B E . 9 Wit core SL:

F%mﬁ 125.7 =+ 4.3 JK/JR). T 9225 -+ 8602 s. IEshiz{k.

- “expected_radius”: ARG /ML
TELEY MEC 4t J<q) + A - B . A=5 W5 LR (8604 s)
A 'fE/J\ﬂ‘J (0-05 fﬁl’ﬁl QT*—I‘ /J'fruﬂ»%—)uﬁﬁ (9740 s) /I*LHQ[
"B HAER L B B R R

- “Cvisibility ™ (JHO%) : fKkfk ~prob_detect/(F3h+6) " ~, & &kt
A — AN PP A (520 9225 s\ JE#F 126.6 1K) o

joint = self.joint.get(channel)
if joint is None or joint.is_absent():
return None
position = self.client.state.position
service_s = self.config.cost.measure_s + self.config.cost.switch_s
candidates = self._probe_candidates(region, channel)
if not candidates:
return None
mode = self.config.search.probe_score_mode
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def

if mode == "visibility":
best_point, best_score = None, None
for point in candidates:
probability = joint.prob_detect(point)
if probability <= 0.0:
continue

score = -(probability / (move_time(position, point, self.config.cost)

+ service_s))
if best_score is None or score < best_score:
best_point, best_score = point, score
if best_point is not None:
self.visibility_probes += 1
return best_point

scored = [(joint.prob_detect(point), point) for point in candidates]

peak = max(probability for probability, _ in scored)
ratio = self.config.search.probe_visibility_ratio
keep = [point for probability, point in scored

if probability >= ratio * peak] or [point for _, point in scored]

center = region.mec() [0]
weight = self.config.search.probe_lambda_move_s

def approach_cost(point: Vec2) -> float:
return (move_time(position, point, self.config.cost)

+ move_time(point, center, self.config.cost) + service_s)

if mode == '"nearest_visible":
# A ARKBHE R argmin bﬁiaéﬂluJ B A D gk B d g
# ARG GE— RO EERETH S (RN -3 s) .

best = min(keep, key=lambda p01nt. (approach_cost(point), point))

self.visibility_probes += 1
return best
best = min(keep, key=lambda point: (

joint.expected_posterior_radius(point) + weight * approach_cost(point),

point))
self.visibility_probes += 1
return best

_next_probe(self, region: CandidateRegion, channel: int) -> Vec2:

" I TR RTERSF [TRRD

- /i\%)iu'_'jHJ; worst-posterior MEnidy (PHEHLEN) :
551 RGERY: XF MEC RLOBOWERTT I, (R iﬁ{}rluuall’u;i

- ZJE. Zg MEC [HlO 212 = p WIFRE. JriiH B HEER A
IR +45°0 JUT L S e - %J;W'JMJE\‘&ﬁ FHR—
AL TR L (lg-cl = p) HIAMWAIMIZ, 7] AR A A
YIm, [ BRI DL . BT RS }iﬁﬁﬁ?'l Rz
AR A s i RAIE s 564V 58 4 iR A T BRI o

visibility = self._visibility_probe(region, channel)

if visibility is not None:

return visibility

blocked = self.blocked_probes.get(channel, [])

center, radius = region.mec()

if not blocked:

return select_measurement_point(region, self.client.state.position,

self.config).position
safe = safe_disk_radius(region, self.config)
first = blocked[0]
if len(blocked) == 1 and safe >= 0:
dx, dy = center[0] - first[0], center[1] - first[1]
norm = math.hypot(dx, dy)
if norm <= 1le-9:
# EAPOERGOSRTERLG : TIEERE, I wx ERZEE.
return (center[0] + safe, center[1])
scale = min(1.0, safe / norm)
# SHT I, ALK = min(norm, safe): [FIONGHHR Lk HECRIERENN 5 o
return (center[0] + dx * scale, center[1] + dy * scale)
base = math.atan2(first[1] - center[1], first[0] - center[0])
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909 azimuth = base + math.radians(45.0 * (len(blocked) - 1))

910 return (center[0] + radius * math.cos(azimuth),

911 center[1] + radius * math.sin(azimuth))

912

913 def _fallback_clear(self, channel: int, region: CandidateRegion) -> bool:
914 mSERLAE R S A ISR BR B BB S AR TR R AR R o e
915 search, session = self.config.search, self.config.session

916 width = max(p[0] for p in region.polygon) - min(p[0] for p in region.polygon)
917 height = max(p[1] for p in region.polygon) - min(p[1] for p in region.polygon)
918 cells = fallback_clear_cells(region.polygon, self.config)

919 entry = {"channel": channel, "cells": len(cells),

920 "bound": fallback_cell_bound(width, height, self.config),
921 "posterior_radius_m": round(region.mec()[1], 3)}

922 self.fallback_log.append(entry)

923 if len(cells) > search.fallback_max_cells:

924 # TR E BT A BiReE s, A sl .

925 entry["outcome"] = "skipped_cell_cap"

926 self._anomaly("fallback_cell_cap_exceeded", channel,

927 cells=len(cells), cap=search.fallback_max_cells)
928 return False

929 # DUSLTSEAGAS: N YOER x RS T + RIBRE, SRAE.
930 remaining = self.client.real_remaining_s

931 if remaining is None or len(cells) * session.real_rtt_p95_s \

932 + session.reserve_exit_s > remaining:

933 entry["outcome"] = "skipped_budget"

934 return False

935 attempts = 0

936 order = self._fallback_order(cells)

937 for cell in order:

938 if self._virtual_cap_reached():

939 entry["outcome"] = "skipped_virtual_budget"

940 entry["attempts"] = attempts

941 return False

942 attempts += 1

943 outcome = self.client.clear(cell, channel)

944 if outcome.result == CLEAR_SUCCESS:

945 self.belief.mark_cleared(channel)

946 self.cleared.append(channel)

947 entry["outcome"] = "cleared"

948 entry["attempts"] = attempts

949 return True

950 # RIEERTFOSEE, OEKAE A <= 10%sqrt(2) < 20m: 427

951 # PRI SFIEVERAT I He S R . AR M B et

952 entry["outcome"] = "exhausted"

953 entry["attempts"] = attempts

954 self. _anomaly(“fallback_exhausted_without_success“ , Channel,

955 cells=len(cells))

956 return False

957

958 def _fallback_order(self, cells: list[Vec2]) -> list[Vec2]:

959 n ST BRI ERE T BGEARITR + 2-opt (WiE Or-opt) Mifk.

960

961 IHEeP 42 H T~ "min(remaining, key=dist) ", ) THOEARFERE
962 (AR 1.2-1.3 £5) HAKREH 0(k>) . XE—RMRMALGET
963 (03) . JURSTHIRS BN LRI BRI s HROAAE , Hcoe b A S

964 o

965 if not cells:

966 return []

967 if not self.config.search.fallback_optimize_tour or len(cells) < 4:
968 position = self.client.state.position

969 remaining = list(cells)

970 order: list([Vec2] = []

971 while remaining:

972 nxt = min(remaining, key=lambda c: (math.dist(position, ¢), c))
973 remaining.remove (nxt)

974 order.append (nxt)

975 position = nxt

976 return order

977 return improve_open_path([tuple(c) for c in cells],

978 self.client.state.position)
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def

def

# - e

def _summary(self, info) -> dict:
report = super()._summary(info)
report["directional_observed_channels"] = list(self.directional_observed)
report["fallback_clears"] = self.fallback_log
# J5#5 /clear {FRIFPANEIERIOG, (XTI INE SR L SZHERT .
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

fallback_cell_bound(width_m: float, height_m: float,
config: ProblemConfig = ProblemConfig()) -> int:
" SMIHERCZE IR AL LR (Tw/cell]+2) ([h/cell]+2) (ihHils4 MUk A) o "
cell = config.search.fallback_clear_grid_m
return (math.ceil(width_m / cell) + 2) * (math.ceil(height_m / cell) + 2)

fallback_clear_cells(polygon: list[Vec2],
config: ProblemConfig = ProblemConfig()) -> list[Vec2]:
m R AME 2 TERY) <=20m A FRIARE B 0GR (P RRTER) o

LJEIF 20m WIARERT B ST AW IERZE (TS
Z NI FARTERGER LI PIOIRS TR0 . B AR R BRSO
<= 10%sqrt(2) < 20m, % /clear F/A—kfri. FFKEH /clear
ORI LS SEMXT fallback_cell_bound, TS AGZEMEEH.
if not polygon:
return []
cell = config.search.fallback_clear_grid_m
xs = [p[0] for p in polygon]
ys = [p[1] for p in polygon]
i0, i1 = 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, j1 + 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
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13 534 SevenBatch FYZES:: NLMIBkuG/Bkill (L no_signal W (i, JiiE) Xf
14 RYEFERCIN S 05)  PFOBUEIERAER ATIERE. 2RSS HETF R N BE AR .
15 EBRIEBIILUMIET A (PF RIRSIE A5 LE SO 2 T £ 327741 0 % B2 iy

16 i) , WiEEE Voronoi/{RFHEE, AL TEA

17 "

19 from __future_

_ import annotations
21 import math
22 from dataclasses import dataclass

24 from ..belief import CandidateRegion, ChannelStatus

25 from ..config import ProblemConfig, Vec2

26 from ..coverage import CoverageLedger

27 from ..particles import ChannelParticles, as_sample_array

28 from ..protocol.client import SimulatorClient

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

30 from ..protocol.timing import move_time

31 from . import (ClearCertificate, OmnidirectionalLoop, clear_certificate,
32 candidate_points, safe_disk_radius, select_measurement_point)
33 from .seven import validate_seven_coverage

34 from ..guarantee import seven_plan

37 @dataclass(frozen=True)
38 class Task:

39 nn {15 F M. service_s AN E AR, GRINHIR/ ERR) o e
40

41 kind: str # "station" | "locate" | "clear"

42 position: Vec2

43 service_s: float

44 channel: int | None = None

45 station_index: int | None = None

46 station_channels: tuple[int, ...] = ()

47

48

49 def _point_key(point: Vec2) -> tuple[int, int]:

50 nERE LT 0.5m RIARICEE (R —H S AEEWE) o

51 return (int(round(point[0] * 2)), int(round(point[1] * 2)))

52

53

54 class BayesLoop(OmnidirectionalLoop):

s v RLEBVUTRARE: SORME + (SRR ¢ RIS,

56

57 def __init__(self, client: SimulatorClient,

58 config: ProblemConfig = ProblemConfig()):

59 super().__init__(client, config)

60 validate_seven_coverage(config.bayes.station_ring radius_m, config)
61 self.coverage_plan = seven_plan(config.bayes.station_ring_radius_m)
62 self.ledger = CoverageLedger(

63 config, points=list(self.coverage_plan.points))

64 self.particles = {channel: ChannelParticles(config)

65 for channel in self.belief.channels}

66 self._measured_points: dict[int, set[tuple[int, int]]] = {}

67 self._clear_failed: set[int] = set()  # FJ5IfE G 2ei)m 20 4 i H ot
68 self._stall: dict[int, int] = {} # ESTMARTHE (R RRIRAD
69 self._skip_cache: dict[tuple[int, int], tuple[int, booll] = {}

70 self.skipped_measures = 0 # BRIHLIN A ARSI kL

71 self.no_shrink_measures = 0 # RIGEEFENENAST G2WiA)
72 self.pf_absent_channels: list[int] = [1 # [aE778E A2 uEm ke A 4E
73 self.opportunistic_measures = 0

74

75 # e BN
76 def _coverage_phase(self) -> None:

7 GRS RIR: KB+ SEAL + WRRREIARE, HEUESENE.

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

84



83

84 def _step_once(self) -> bool:

85 RS HEPIEBT E S B HUTESS R E 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 R CAS SRR EANE T AL PR PRI, iEARS SR A I

98

99 SO ARAE AR IRE A 58 S 4 L PRI B 3 mT A ) 8 2 DU o

100 BHGE N Fimeasure, il 5 5P IR 1128 ASTER BRI .

101 PEFR R ORIEALE TS =0, ASRE TR J0 R

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 - 1le-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[::stride]:

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 155 13
137 def _station_pending(self, index: int) -> list[int]:

138 el R AEISEE . UNKNOWN, RE . dE 4 no_signal" HORIESRF. """
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

144 if self.ledger.measured_at(channel, index):

145 continue

146 if self._skip_station_channel(channel, index, point):

147 continue

148 pending.append(channel)

149 return pending

150

151 def _fused_channels_at(self, index: int) -> list[int]:

152 WS BRI AIE = oK% I (UNKNOWN) + % M % & iF (DETECTED) .
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153

154 PO-1: HEENIFNE KM Wi =AM (5% §1.38 F11)

155 99.28% WIIRAIEAR >2 MNUSTE r_eff_max=1500m P, AL MHPAL

156 122.9°, 5 43fii 58.5°. AL " WRBRIEE — 4 7 ik X 40 K 2B T o

157 EAIES BFER— 0.5m MISME . 8iiZ% 0 no_signal AYMEBEIT .

158

159 SEINEE (2026-09-12, “output/suite/q3-fuse-ab* ™) : ZRAL xS F .
160 LR FEE A 2 -3 AURERTE RO KR, SRR FABAEL

161 HEARE 20m EF, G R SR B TR, O D5 T

162 FELHL 11 WK (+0.8%) . FRIHIE L AR AN +45.6% (20/20

163 Vi ENg) o BRI, PREMRISLUER IS 58 5.

164 e

165 point = self.ledger.points[index]

166 channels = self._station_pending(index)

167 selected = set(channels)

168 if not self.config.bayes.fuse_localize_into_tour:

169 return channels

170 for channel in self.belief.channels_by_status(ChannelStatus.DETECTED) :
171 if channel in selected or self.ledger.measured_at(channel, index):
172 continue

173 if _point_key(point) in self._measured_points.get(channel, set()):
174 continue

175 cert = self._best_certificate(channel)

176 if cert is not None and cert.certified:

177 continue # CHIED: REHRES, AHL

178 if self._skip_station_channel(channel, index, point):

179 continue # SEFHEEVTE 1500m 4b: %S0 no_signal

180 channels.append(channel)

181 selected.add(channel)

182 return channels

183

184 def _skip_station_channel(self, channel: int, index: int, point: Vec2) -> bool:
185 neBRIAL (# pf.version ZBAF: SEPAEHUURLAE. KW o

186 pf = self.particles[channel]

187 if not pf:

188 return True

189 cached = self._skip_cache.get((channel, index))

190 if cached is not None and cached[0] == pf.version:

191 return cached[1]

192 value = pf.guaranteed_no_signal(point)

193 self._skip_cache[(channel, index)] = (pf.version, value)

194 return value

195

196 def _build_tasks(self) -> list[Task]:

197 tasks: list[Task] = []

198 for index, point in enumerate(self.ledger.points):

199 pending = self._fused_channels_at(index)

200 if not pending:

201 continue

202 switches = len(pending) - (1 if self.client.state.channel in pending else 0)
203 tasks.append(Task("station", tuple(point),

204 self.config.cost.measure_s * len(pending)

205 + self.config.cost.switch_s * max(switches, 0),
206 station_index=index, station_channels=tuple(pending)))
207 for channel in self.belief.channels_by_status(ChannelStatus.DETECTED) :
208 cert = self._best_certificate(channel)

209 if cert is not None and cert.certified \

210 and channel not in self._clear_failed:

211 tasks.append(Task("clear", cert.center,

212 self.config.cost.clear_success_s,

213 channel=channel))

214 continue

215 if self._defer_to_station(channel):

216 continue # TR JT BRI H AR A R e

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))
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223 return tasks

224

225 def _defer_to_station(self, channel: int) -> bool:

226 "Z A AR AT A B s R P SR

227

228 PO-1 FfyGHE: TXfX&ﬁ;H).’J‘;JWﬁ%r)J B OIF U 2 fl— Uk

229 W] I AR ST S5 %, SR EIHE 723 P58 6 m BT R A

230 HPHESRZ A A UNKNOWN AUE R (BRI 2e) | ik A4

231 771’*"“ S TT LRI E RS T . WANS L TOAT S5 TR T B

232 WikliA5e)5 " _station_pending™ A%, RS HARWE .

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

R Fememmmemeeeeeee fE5 Y
249 def _order_tasks(self, tasks: list[Task]) -> list[Task]:

250 SRR AT MBS RRT DP, SIEIL4R + 2-opt.

251

252 Held-Karp (S5/T1) {UI"Eif &S x AR mMGE JE AR H ki
253 RO RAFWE, AR meth: ‘_path_cost LT HE R 0 DT 0T

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 "L TEHEANMGE T channel ™ I [E A FEIN IS A U T AE .

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[-1]1)

283 return task.service_s, channel

284

285 def _exact_order(self, tasks: list[Task]) -> list[Task] | None:

286 """Held-Karp FEfFFHEE GEMEE. ZREHH, SPHRE) -

287

288 RE T (mask, o) = CYHHESE mask. EIFEG—MESFWAMER c;
289 FIEBUEE A F CYRTHEY U {locate #iiiE} U {station EITHiiE}.

290 BUAE ~"2°n-n - |CI°7; n #f1l :attr: BayesConfig.exact_order_limit™ HJH
291 VAT BB R &K &I~ "None™ ™ Fymkasid K (Bifi:) o

292 e
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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 # EIPHE = HMEOEGE R HER R R — A R R R
304 # i NSE NS R R IR IR RAR, Wi # bR A 25 )
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 = [], []

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)] = fH/MU; parent[(mask, ci)] = (F— mask, b— ci)
331 dp: dict[tuple[int, int], float] = {}

332 last_task: dict[tuple[int, int], int] = {}

333 parent: dict[tuple[int, int], tuplel[int, int] | Nomel = {}

334 for k in range(n):

335 key = (1 << k, exits[k][c_init])

336 value = from_start[k] + servicelk][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(l, 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]][k] + servicel[k][ci]
352 if value < dp.get(nxt, inf) - le-12:

353 dp[nxt] = value

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 dpl[state] < best_cost:

361 best_key, best_cost = state, dpl[statel

362 if best_key is None:
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364
365
366
367
368
369
370

372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
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388
389
390
391
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393
394
395
396
397
398
399
400
401
402
403
404
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406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432

def

def

def

return None
order: list[Task] = []
key: tuplelint, int] | None = best_key
while key is not None:
order.append (tasks[last_task[key]])
key = parent [key]
order.reverse()
return order

_nearest_order(self, tasks: list[Task]) -> list[Task]:
remaining = list(tasks)
order = []
position = self.client.state.position
while remaining:
best = min(remaining, key=lambda t: (
move_time(position, t.position, self.config.cost),
t.kind, t.channel or 0))
remaining.remove (best)
order.append (best)
position = best.position
return order

_path_cost(self, order: list[Task]) -> float:
total = 0.0
position = self.client.state.position
channel = self.client.state.channel
for task in order:
total += move_time(position, task.position, self.config.cost)

if task.kind == "locate":
total += self.config.cost.measure_s
total += self.config.cost.switch_s * (channel != task.channel)

channel = task.channel
elif task.kind == "station" and task.station_channels:
pending = sorted(
task.station_channels,
key=lambda c, channel=channel: (c != channel, c))
total += self.config.cost.measure_s * len(pending)
total += self.config.cost.switch_s * (len(pending) - (channel in pending))
channel = pending[-1]
else:
total += task.service_s # JHIASICER N n) A
position = task.position
return total

_two_opt(self, order: list[Task]) -> list[Task]:
best = list(order)
best_cost = self._path_cost(best)
for _ in range(self.config.bayes.two_opt_passes):
improved = False
for i in range(len(best) - 1):
for j in range(i + 1, len(best)):
candidate = best[:i] + best[i:j + 11[::-1] + best[j + 1:]
cost = self._path_cost(candidate)
if cost < best_cost - le-6:
best, best_cost, improved = candidate, cost, True
if not improved:
break
return best

—————————————————————————————————————————————————————————— R4 T

_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)

&9



433 self. _may_clear.discard(task.channel)

434 else:

435 self._clear_failed.discard(task.channel)

436 elif task.kind == "locate":

437 self._execute_locate(task.channel, task.position)

438

439 def _execute_station(self, index: int) -> None:

440 m B L RE R AR IAE BRI Lt pg) I SERDIR e E
441

442 PO-1: AHfifa] I M5 " B BUAR EUE " WE , 55—/ 5 =4 Ty hi R AE K Il
443 B RS E— B B g R . NSNS T

444 e

445 point = self.ledger.points[index]

446 pending = self._fused_channels_at(index)

447 unknown = [c for c, b in self.belief.channels.items()

448 if b.status is ChannelStatus.UNKNOWN]

449 self.skipped_measures += len(unknown) - len(

450 [c for ¢ in pending if self.belief.channels[c].status

451 is ChannelStatus.UNKNOWN])

452 # METHGERSE, W WM near ELERNEBR AT WM

453 pending.sort (key=lambda c: (c != self.client.state.channel, c))
454 for channel in pending:

455 if self.stop_reason is not None or self._count_limit_reached() \
456 or self._virtual_cap_reached():

457 return

458 detected_before = (self.belief.channels[channel].status
459 is ChannelStatus.DETECTED)

460 outcome = self.client.measure(point, channel)

461 self.ledger.mark_measured(channel, index)

462 self._record_measure(channel, point, outcome)

463 if outcome.result in (DIRECTION, NEAR):

464 self._may_clear.add(channel)

465 if outcome.result == NEAR:

466 region = self.belief.candidate_set(channel)

467 cert = clear_certificate(region, channel, self.config)
468 if cert.certified:

469 if self._attempt_clear(channel, point, cert):

470 self._clear_failed.discard(channel)

471 else:

472 self._clear_failed.add(channel)

473 self._may_clear.discard(channel)

474 else:

475 self._anomaly("near_without_certificate", channel, position=point)
476 continue

471 if not detected_before:

478 continue

479 if outcome.result == NO_SIGNAL:

480 # PIECOHE I PRIEEGE N AT E no_signal, J&<FHEMEFH
481 region = self.belief.candidate_set(channel)

482 safe = (safe_disk_radius(region, self.config)

483 if region is not None else -1.0)

484 if safe >= 0 and math.dist(point, region.mec()[0]) <= safe:
485 self._anomaly("no_signal_in_safe_disk", channel,
486 position=point)

487 continue

488 cert = self._best_certificate(channel)

489 if cert is not None and cert.certified:

490 if self._attempt_clear(channel, cert.center, cert):
491 self._clear_failed.discard(channel)

492 else:

493 self._clear_failed.add(channel)

494 self._may_clear.discard(channel)

495

496 def _execute_locate(self, channel: int, point: Vec2) -> None:

497 e SEGTI IR (GRENED | RSO,
498 pf = self.particles[channell

499 before = len(pf)

500 outcome = self.client.measure(point, channel)

501 self._record_measure(channel, point, outcome)

502 self._may_clear.add(channel)
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504
505
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509
510
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514
515
516
517
518
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520
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522
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524
525
526
527
528
529
530
531
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533
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536
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538
539
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541
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543
544
545
546
547
548
549
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552
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555
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559
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566
567
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569
570
571

def

def

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  # BRI AITINSFEY:, ARSI #
else:
self._stall[channel] = 0O

—————————————————————————————————————————————————————————— BRI 5T 3
_record_measure(self, channel: int, position: Vec2, outcome) -> None:
"tvbelief (MYEF)) 5 PF (SEfEEE) WA HHT; PF HUERE. "
self .belief.update_measure(channel, position, outcome.result,
outcome.svd_deg)
# i — 0.5m W& x [—HUEES RN D E—RKE T ESA 98.84Y
# PBRI RIFEEZS 4T b, ARTHEORIZ R R 1] T H8 45 o
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)  # FFiFHE7EH: i F LA E G
belief = self.belief.channels[channel]
if belief.status in (ChannelStatus.CLEARED, ChannelStatus.ABSENT):
return  # ULIEER: JERR/BUE)S M) no_signal HEEEAIE, APk 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()

_apply_count_bound(self) -> None:
" FEIE AR B R BN, A UNKNOWN W R AR o

fikds D8] : BHERE L — AN 2RIRE 10..16 M. —H
DETECTED/CLEARED W R[IMESGESE] 16, (LM MARBIARE 50
WA BRI, oS 7 SN EIRA IS . A EAETCR,
SRR HEER] . evidence 5 coverage/pf_empty /IR,
nun
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:
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:

nrESE s SOIEZIAE PF S B RN A IE A M.

region = self.belief.candidate_set(channel)
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573 cert = clear_certificate(region, channel, self.config) \

574 if region is not None else None

575 if cert is not None and cert.certified:

576 return self._near_clear_target(cert)

577 if self.config.bayes.grid_cert_enabled:

578 pf = self.particles[channel]

579 if len(pf):

580 center, radius = pf.mec()

581 limit = (self.config.field.clear_radius_m - pf.margin_m

582 - self.config.search.clear_margin_m)

583 if radius <= limit:

584 return self._near_clear_target(

585 ClearCertificate(channel, center, radius, limit, True))
586 return cert

587

588 def _near_clear_target(self, cert: ClearCertificate) -> ClearCertificate:
59 R R ORI AR . SR SRR R,

590 position = self.cllent.state.position

591 distance = math.dist(position, cert.center)

592 shift = min(distance, max(0.0, cert.limit_m - cert.radius_m - 1le-6))
593 if distance <= 1le-9 or shift <= 0:

594 return cert

595 target = tuple(c + (p-c)*shift/distance for p, c in zip(position, cert.center))
596 return ClearCertificate(cert.channel, target, cert.radius_m+shift, cert.limit_m, True)
597

598 B (5 B 25 0k
599 def _probe_context(self, channel: int):

600 R A T — U8 (L B P (e £ 5 B G AR 4 iR 4L

601

602 & H] " (candidates, info_score, mec_center, current _position) ™"

603 fiEik Rz iR Ml None™ ™o ~~_select_point ™~ 5jHELRIRHRS 15 L AT LB 4 |

604 PRIUE P & 22 B s an 4 557

605 e

606 bayes, search = self.config.bayes, self.config.search

607 pf = self.particles[channel]

608 if not pf:

609 return None

610 region = self.belief.candidate_set(channel)

611 center, radius = pf.mec()

612 measured = self._measured_points.get(channel, set())

613 position = self.client.state.position

614 candidates: list[Vec2] = []

615 safe = safe_disk_radius(region, self.config) if region is not None else -1.0
616 if region is not None and safe >= O:

617 # PRIEEACE: (MIEBIORE) o EEMEELL "4 direction/near

618 candidates = candidate_points(tuple(region.mec()[0]), safe,

619 search.candidate_rings,

620 search.candidate_angles)

621 # LLSZBRR I A ONFRAE So e, 3l g [ 5 4 ) 1 BE AR ) g i 22

622 geometric_center = region.mec() [0]

623 base_angle = math.atan2(position[1] - geometric_center[1],

624 position[0] - geometric_center[0])

625 for fraction in search.candidate_rings:

626 if fraction <= 0O:

627 continue

628 for offset in (-math.pi/3, -math.pi/6, O, math.pi/6, math.pi/3):
629 angle = base_angle + offset

630 candidates.append((geometric_center[0] + safe * fraction * math.cos(angle),
631 geometric center[1] + safe * fraction * math.sin(angle)))
632 # OSSO B AR ER RN, RERIEENS: BUmA

633 # WS T mﬁﬁ);lTTHH’rﬁma

634 if math.dist(position, geometric_center) <= safe + 1e-9:

635 candidates.append(tuple(position))

636 else:

637 # PifiktE: PF MEC REH (i Jr A AR AL )

638 for fraction in bayes.w1de_r1ngs.

639 ring = max(radius * fraction, 2.0 * pf.margin_m)

640 candidates.extend(candidate_points(center, ring, (1.0,),

641 search.candidate_angles))

642 candidates.append(tuple(center))
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688
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710
711
712

def

def

candidates.append(tuple(position))

candidates = [tuple(c) for c in candidates
if _point_key(c) not in measured]

if not candidates:

return None
# SRAE U RELE (numpy WIIING) L MEMREETE S AL SR BRAR
# numpy KW as_sample_array JFARREIFIE, 15X,
subsample = as_sample_array(pf.subsample(bayes.score_subsample))
stride = max(len(subsample) // bayes.mc_representatives, 1)
representatives = subsamplel[::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

_select_point(self, channel: int) -> Vec2 | None:
mCERLEL R B log SEAENEL + A - BN E BoNEk.
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:
# —KENEVTTREET A RS OO BRI S R B S R IF ST .
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)))

_refine_locate_tasks(self, tasks: list[Task]) -> list[Task]:
e R AR AR IS E AT S5 L (P2, 2026-09-12) .

IHi75r HEL#E ~current->q + q->MEC™ ™, 2RI &3 2-opt MK
RUTIEELE " "q->next_task™ o KX locate (ESFTEMLE R FITEL
B S RS AR RN TG R, M5 E RS MEC BEEIA )
e WAk FR R, ANRRE R/ EERIE .
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)
except Stoplteration: # pragma: no cover - [ 6} 52 B AR AT AE
order_index = next(index for index, item in enumerate(base_order)
if item.kind == "locate"
and item.channel == task.channel)
best_score: float | None = None
best_point: Vec2 | None = None
for point in candidates:
trial_order = list(base_order)
trial_order[order_index] = Task(
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"locate", tuple(point), task.service_s, channel=task.channel)
route_delta = self._path_cost(trial_order) - base_cost
move_proxy = bayes.lambda_move_s * (

move_time(position, point, self.config.cost)

+ move_time(point, center, self.config.cost))
clear_near = move_time(point, center, self.config.cost)
value = (info_score(point)

+ move_proxy

+ bayes.route_aware_insert_weight * route_delta

+ bayes.route_aware_clear_weight * clear_near)
if best_score is None or value < best_score:

best_score, best_point = value, tuple(point)

if best_point is not None:
refined[task_index] = Task(

"locate", best_point, task.service_s, channel=task.channel)

return refined

e RAFEEH
def _localize_and_clear(self, channel: int) -> bool:
mrRHIEXENLFIEIR (resolve MrB&AM) « PF 3E&, RWGRMIES. """
search = self.config.search
self._may_clear.add(channel)
for _ in range(search.max_localize_steps):
if self._virtual_cap_reached():
return False
cert = self._best_certificate(channel)
if cert is not None and cert.certified and channel in self._may_clear:
if self._attempt_clear(channel, cert.center, cert):
self._clear_failed.discard(channel)
return True
self._clear_failed.add(channel)
self._may_clear.discard(channel)
continue
point = self._select_point(channel)
if point is None:
region = self.belief.candidate_set(channel)
if region is None:
return False
point = select_measurement_point (
region, self.client.state.position, self.config).position
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)
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)
return True
self._clear_failed.add(channel)
self._may_clear.discard(channel)
return self.belief.channels[channel].status is ChannelStatus.CLEARED

def _persistent_round(self) -> None:
mn—i G B -FG e N, LR PR (BB R E) o
measured: set[tuplelint, int]] = set()
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))
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783 was_absent = (self.belief.channels[channel].status

784 is ChannelStatus.ABSENT)

785 outcome = self.client.measure(point, channel)

786 self._record_measure(channel, point, outcome)

787 if was_absent and outcome.result in (DIRECTION, NEAR):
788 # S DAREER T BER] . SPEVE IR, HOBIES E AL R .

789 self._anomaly("absent_detected_on_resweep , channel,
790 position=point, result=outcome.result)
791 if outcome.result == DIRECTION:

792 self._localize_and_clear(channel)

793 elif outcome.result == NEAR:

794 cert = self._best_certificate(channel)

795 if cert is not None and cert.certified:

796 if not self._attempt_clear(channel, cert.center, cert):
797 self._clear_failed.add(channel)

798 else:

799 self._anomaly("near without_certificate", channel,
800 position=point)

801 if self.stop_reason is not None:

802 return

803

804 T e - R
805 def _summary(self, info) -> dict:

806 report = super()._summary(info)

807 report["strategy"] = "bayes"

808 report["opportunistic_measures"] = self.opportunistic_measures
809 report ["skipped_measures"] = self.skipped_measures

810 report["no_shrink_measures"] = self.no_shrink_measures

811 report["pf_absent_channels"] = sorted(self.pf_absent_channels)
812 report["pf_alive_final"] = {

813 str(channel): len(self.particles[channell)

814 for channel in sorted(self.particles)

815 if self.belief.channels[channel].status is ChannelStatus.DETECTED}
816 return report

src/mcm26b/planner/seven. py
"Pa b R RTIERTIR NI R I+ )R

M scripts/benchmark_q3_search.py 2T NEMRID (A2 R4, B yiE%
12/12 4:3%. Rl 5232s) o EJUMT: J5H + 2412 RING_RADIUS_M ¥f I
6 oy a WREER. IRPARrT, IR S AT
3 max(r/v3, sqrt(R?+r2-v3Rr)) < 1000m BT
r_eff THI, WUEBAEELYE Dok ——BiiEl] A F5% e

7 ¥44: no_signal (CoverageLedger.coverage_complete) .

O 0 NN N R W N =

10 JAREEAS A

- SevenImmediate: [N RIS N BN TIEFF ( ;

12 - SevenBatch: ﬁﬁl*Jxxﬂy}'ﬁ. e PR e A MEC Bl kS5 BAA (A2)
13 - SevenSweep: 2IFI5EHL—KS (A3) .

4 mon

16 from __future__ import annotations

18 import math

20 from ..belief import ChannelStatus

21 from ..config import ProblemConfig

22 from ..coverage import CoveragelLedger

23 from ..guarantee import seven_plan

24 from ..protocol.rules import NEAR

25 from . import OmnidirectionalLoop, clear_certificate

27 RING_RADIUS_M = 1200.0 # [f] fi#HTiERAN, docs/algo-3.md §5 L5 geometry_check

30 def seven_points(ring_radius_m: float = RING_RADIUS_M) -> list[tuple[float, float]]:
31 m R+ 3R L6 AEgy E-LuiE g,
32 return [(0.0, 0.0)] + [(ring_radius_m * math.cos(k * math.pi / 3),
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ring radius_m * math.sin(k * math.pi / 3)) for k in range(6)]

def validate_seven_coverage(ring_radius_m: float, config: ProblemConfig) -> float:
" SSAN60° i XN ISR d s B Y B IR R 4 e R o

J5 5/ HdliVoronoi A8 kizh ir /v3,  HARIE L B b X He4E 20 5 — i
IR L O<r <=v3RINIX W T 3 2 AR 1B
radius = config.field.omega_radius_m
if not O < ring radius_m <= math.sqrt(3)*radius:
raise ValueError ("~ B ANl e 4 bl 7 S iif I a4 )
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 - le-6:
raise ValueError ("-Bufi K% i A Hhrhl, ASAEHRIL e E B )
return bound

class SevenImmediate(OmnidirectionalLoop):
neGRE S+ Ui RIEEEN (RSN BoB AT, U)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):

"SI SSRGS O U IS RS (A2 S 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:
cert = clear_certificate(self.belief.candidate_set(c), c, self.config)
# Same-station near clear; do not displace the station scan.
if cert.certified:
self._attempt_clear(c, point, cert)
if self._count_limit_reached():
return
if not self.defer_all:
self._serve_queue()
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def

_resolve_detected(self):

self.

_serve_queue()

unresolved = [c for ¢, b in self.belief.channels.items()

return

if b.status not in (ChannelStatus.CLEARED, ChannelStatus.ABSENT)]
"all_resolved" if not unresolved else "unresolved_channels"

class SevenSweep(SevenBatch) :

"""Finish discovery at all necessary stations before servicing the queue.

defer_all

= True

src/mcm26b/protocol/__init__.py

""UPO/PL PRSUZE: FEeE. MUNSE. THRTBEEL. REBNLEF .

from .client import (ActionRejected, ClearOutcome, DeadlineExceeded,

ExitInfo, MeasureOutcome, ProtocolError,
ProtocolViolation, SimulatorClient)

from .log import SessionLog

from .state import RobotState, StateError

from .timing import CostBreakdown, clear_cost, measure_cost, move_time

from .transport import RequestsTransport, Transport, TransportError, TransportResponse

__all__

= ["ActionRejected", "ClearOutcome", "CostBreakdown", "DeadlineExceeded",
"ExitInfo", "MeasureOutcome", "ProtocolError", "ProtocolViolation",

"RequestsTransport", "RobotState", "SessionLog", "SimulatorClient",

"StateError", "Transport", "TransportError", "TransportResponse",

"clear_cost", "measure_cost", "move_time"]

src/mcm26b/protocol/client.py

O 0 NN N AW =

"UUPL PRSCHESG: BT RRAR. A BLSE TR AL A v

PRCEERLIN D] 5 526 R
ﬁﬁﬁﬂ@ﬁm#Mrmwmjd (LAEFI TS Eit 22 2 R B A

SR request_id HFIERMAE —— ARKEHL —kME)FHIMLE bytes FfJEALE L RIE:

- WA B ES HTTP JRZSY accepted; accepted=false SRR,
H virtual_time_s=0 ASY41E2Y4 77 RIS Z

- BRERFWN ARIER s BRZERFEY, —AIMERRALIE T4

- PLz#R b /enter W[ remaining real duration_s 7 ANHI A4,
B AR, /exit PIMTIELE.

from __future__ import annotations

import json
import math
import uuid
from dataclasses import dataclass
from time import monotonic, sleep

from ..config import ProblemConfig, Vec2

from .log import SessionLog

from .rules import (CLEAR_RESULTS, DIRECTION, EXIT_USER, MEASURE_RESULTS,
POSITION_FIELDS, STATUS_OK, STATUS_RETRYABLE)

from .state import RobotState

from .timing import CostBreakdown

from .transport import RequestsTransport, Transport, TransportError

class ProtocolError (RuntimeError) :

"UUBBURRIBC & HTTP RS WNA BRIASER (FEtEsi) o

def __init__(self, message: str, status: int | None = None, body=None):

super() .__init__(message)
self.status = status
self.body = body
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class ActionRejected(ProtocolError):

""YHTTP 200 {H accepted=false: ZERAERL, RSN HEH. """

def __init__(self, message: str, body=None):
super () .__init__(message, status=STATUS_OK, body=body)

class ProtocolViolation(ProtocolError):

n R S A E A (FEBERR EARE. A ER ) o

class DeadlineExceeded(RuntimeError) :

C PSR TR A R R A I R A TR .

@dataclass(frozen=True)
class MeasureOutcome:

result: str

svd_deg: float | None
virtual_time_s: float
predicted: CostBreakdown
raw: dict

@dataclass(frozen=True)
class ClearOutcome:

result: str
virtual_time_s: float
predicted: CostBreakdown
raw: dict

@dataclass(frozen=True)
class ExitInfo:

def

def

def

reason: str
virtual_time_s: float
raw: dict

_validate_identifier(name: str, value: str, max_bytes: int) -> None:
if not isinstance(value, str) or not value:

raise ValueError (f'"{name} W /iEIEa FAFH")
encoded = value.encode("utf-8")
if not 1 <= len(encoded) <= max_bytes:

raise ValueError(f"{name} [{ UTF-8 K JE/i{E 1..{max_bytes} F{i")
if any(code < 0x20 or code == Ox7F for code in encoded):

raise ValueError (f"{name} ASHEMLE M T4

_validate_position(position: dict, limit: float) -> None:
if set(position) != set(POSITION_FIELDS):
raise ValueError("position FREOJEH HAER = y™)
for key in ("x", "y"):
value = position[key]
if isinstance(value, bool) or not isinstance(value, (int, float)):
raise ValueError(f'"position.{key} WAZIZAC{EH")
if not math.isfinite(value):
raise ValueError(f"position.{key} WAZIEA FRELIEH™)
if abs(value) > limit:
raise ValueError(f"position.{key} ZiXf{i Al {1imit} k")

_validate_channel (channel) -> int:

# 5§ JSON number 1.0 HIE AHEAbEZ [EE]; 1.5 4.

if isinstance(channel, bool) or not isinstance(channel, (int, float)):
raise ValueError("channel WAZ72%40(H")

if isinstance(channel, float) and not channel.is_integer():
raise ValueError("channel AZ5244%0")
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107 channel = int(channel)

108 if not 1 <= channel <= 20:
109 raise ValueError("channel WAZ5{E 1..20 JuRIN")
110 return channel

111
112
113  class SimulatorClient:

114 Y S FE A & P e RIS HTE accepted=true JEifigE. "t

115

116 def __init__(self, robot_id: str, *,

117 config: ProblemConfig = ProblemConfig(),

118 transport: Transport | None = None,

119 log: SessionLog | None = None,

120 clock=monotonic) :

121 _validate_identifier("robot_id", robot_id, config.session.robot_id_max_bytes)
122 self.robot_id = robot_id

123 self.config = config

124 self.session = config.session

125 self.transport = transport if transport is not None else RequestsTransport()
126 self.log = log if log is not None else SessionLog()

127 self.clock = clock

128 self.state = RobotState()

129 self._prefix = uuid.uuid4() .hex[:12]

130 self._seq = 0

131 self._deadline: float | None = None # ZHb PR b b

132 self._server_deadline_ms: float | None = None # 245 a]) i 28 A% f
133 self._enter_monotonic: float | None = None  # SZH[i[HfiEES (/enter JI)
134

135 I e e NIEFhE APT
136 def enter(self) -> dict:

137 started = self.clock()

138 payload = self._payload("/enter")

139 response = self._call("/enter", payload)

140 self.state.apply_enter(response)

141 remaining = response['remaining_real_duration_s"]

142 if not isinstance(remaining, (int, float)) or remaining < O:

143 raise ProtocolViolation("remaining real_duration_s fikZcnidfE#:", body=response)
144 self._deadline = self.clock() + remaining

145 self._server_deadline_ms = (response['"real_timestamp_ms"]

146 + remaining * 1000.0)

147 self._enter_monotonic = self.clock()

148 self._log_step("/enter", payload, response, started,

149 predicted=CostBreakdown(0.0, 0.0, 0.0))

150 return response

151

152 def measure(self, position: Vec2, channel: int) -> MeasureOutcome:

153 started = self.clock()

154 payload = self._payload("/measure", position=position, channel=channel)
155 response = self._call("/measure", payload)

156 predicted = self.state.apply_measure(payload, response,

157 cost=self.config.cost)

158 result = response.get("measure_result")

159 if result not in MEASURE_RESULTS:

160 raise ProtocolViolation(f"measure_result JfEyt: {result!r}", body=response)
161 svd = response.get("svd_deg")

162 if result == DIRECTION:

163 if not isinstance(svd, (int, float)) or isinstance(svd, bool):

164 raise ProtocolViolation("direction i fik/4i{f svd_deg", body=response)
165 self._log_step("/measure", payload, response, started, result=result,
166 predicted=predicted, channel=payload["channel"])

167 return MeasureOutcome(result, float(svd) if svd is not None else None,
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")
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if result not in CLEAR_RESULTS:
raise ProtocolViolation(f"clear_result Jf#k: {result!r}", body=response)
self._log_step("/clear", payload, response, started, result=result,
predicted=predicted, channel=payload["channel"])
return ClearOutcome(result, response["virtual_time_s"], predicted, response)

def exit(self) -> ExitInfo:
started = self.clock()
payload = self._payload("/exit")
response = self._call("/exit", payload)
self.state.apply_exit(response)
reason = response.get("exit_reason")
if reason != EXIT_USER:
raise ProtocolViolation(f'"exit_reason Jf{:: {reason!r}", body=response)
self._log_step("/exit", payload, response, started,
predicted=CostBreakdown(0.0, 0.0, 0.0))
return ExitInfo(reason, response["virtual_time_s"], response)
e Bt
@property
def real_remaining_s(self) -> float | None:
AR SR I G T R R ISR EL R enter WOl Nome) o """
return None if self._deadline is None else self._deadline - self.clock()
def _log_step(self, path: str, payload: dict, respomnse: dict,
started: float, *, result: str | None = None,
predicted: CostBreakdown, channel: int | None = None) -> None:
me g R IR 2026-09-111: SEHUBEEPFERS + PLIEMEALFERS 43150
(Bah=HLM R /5. PIGE 1s. Kl 5s. WEBREY) bs/AHKEIM 3s)
step A response FE, AR action_events / AN ZIEH.
nun
now = self.clock()
entry: dict = {"event": "step", "path": path,
"request_id": payload["request_id"],
"real_elapsed_s": round(now - started, 6),
"virtual_time_s": response["virtual_time_s"],
"virtual_cost": {"move_s": round(predicted.move_s, 6),
"switch_s": round(predicted.switch_s, 6),
"action_s": round(predicted.action_s, 6),
"total_s": round(predicted.total_s, 6)}}
if self._enter_monotonic is not None:
entry["real_since_enter_s"] = round(now - self._enter_monotonic, 6)
if "position" in payload:
entry["position"] = {"x": payload["position"]["x"],
"y": payload["position"]["y"]}
if channel is not None:
entry["channel"] = channel
if result is not None:
entry["result"] = result
self.log.append(entry)
def _check_budget(self, path: str) -> None:
if path == "/exit" or self._deadline is None:
return
margin = self.session.reserve_exit_s
if self.real_remaining s <= margin:
raise DeadlineExceeded(
£ R RIS E) {self.real_remaining_s:.1f}s AELTIE {margin:.1f}s BH
R S PHHLE
def _payload(self, _path: str, *, position: Vec2 | None = None,

channel: int | None = None) -> dict:
payload = {"arena_id": self.session.arena_id,
"robot_id": self.robot_id,
"request_id": self._next_request_id()}
if position is not None:
x, y = float(position[0]), float(position[1])

_validate_position({"x": x, "y": y}, self.config.field.coord_abs_limit_m)

payload["position"] = {"x": x, "y": y}
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def

def

def

if channel is not None:
payload["channel"] = _validate_channel(channel)
return payload

_next_request_id(self) -> str:

self._seq += 1

request_id = f"{self._prefix}-{self._seq:04d}"

_validate_identifier("request_id", request_id,
self.session.request_id_max_bytes)

return request_id

_call(self, path: str, payload: dict) -> dict:
nERATHAT AN SRR AR R, HTTP e tEs i .
self._check_budget (path)
body = json.dumps(payload, ensure_ascii=False, allow_nan=False).encode("utf-8")
if len(body) > self.session.request_body_max_bytes:
raise ValueError ("if=R{f#H 1l 65536 “Fii")
headers = {"Content-Type": "application/json"}
url = self.session.base_url + path
attempts, last_error = O, None
while attempts < self.session.max_attempts:
attempts += 1
started = self.clock()
self.log.append({"event": "attempt", "path": path,
"request_id": payload["request_id"],
"attempt": attempts, "request": payloadl})
try:
result = self.transport.post(
url, body, headers,
timeout=(self.session.connect_timeout_s,
self.session.read_timeout_s))
except TransportError as exc:
last_error = exc
self.log.append({"event": "transport_error", "path": path,
"request_id": payload["request_id"],
"attempt": attempts, "error": str(exc),
"elapsed_s": self.clock() - startedl})
if attempts < self.session.max_attempts:
sleep(self.session.retry_backoff_s * (2 *x (attempts - 1)))
continue
if result.status in STATUS_RETRYABLE:
self.log.append({"event": "retryable_status", "path": path,
"request_id": payload["request_id"],
"attempt": attempts, "status": result.status})
if attempts < self.session.max_attempts:
sleep(self.session.retry_backoff_s * (2 ** (attempts - 1)))
continue
if result.status != STATUS_OK:
raise ProtocolError(
f£"{path} jz[7] HTTP {result.status}", status=result.status,
body=self._safe_json(result.body))
response = self._safe_json(result.body)
if response is None or response.get("accepted") is not True:
raise ActionRejected(
f'"{path} AKH;#:%: {response}", body=response)
self._verify_clock(response)
self.log.append({"event": "accepted", "path": path,
"request_id": payload["request_id"],
"request": payload, "response'": response,
"attempts": attempts,
"elapsed_s": self.clock() - started})
return response
raise TransportError(
f'{path} Hix {attempts} A)jJNi: {last_error}") from last_error

_verify_clock(self, response: dict) -> None:
"""accepted=true [ EALIN LI PSR TSN,
virtual = response.get("virtual_time_s")
if not isinstance(virtual, (int, float)) or isinstance(virtual, bool):
raise ProtocolViolation("accepted I fk/l> virtual_time_s", body=response)
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317 if virtual < self.state.virtual_time_s - 1e-9:

318 raise ProtocolViolation(

319 BRI ZIEE : {self.state.virtual_time_s} -> {virtuall}",

320 body=response)

321 if self._server_deadline_ms is not None:

322 drift = (self._server_deadline_ms - response['"real_timestamp_ms"]) / 1000.0
323 if drift < self.session.reserve_exit_s / 2:

324 # RS HMRRG R CRHINEMER B RAIN) 5 s, il BEgE.
325 self.log.append({"event": "server_time_warning",

326 "server_remaining_s": drift})

327

328 @staticmethod

329 def _safe_json(body: bytes):

330 try:

331 return json.loads(body.decode("utf-8"))

332 except (UnicodeDecodeError, json.JSONDecodeError):

333 return None

src/mecm26b/protocol/log. py
2 ih A MBS OB ATICRIE A A SRR DS BE2 1275,

RSB INE N JSONL, R AR BRI B 58 I EIEAR
WAEF Y events [A LMK S evaluation & HAH.

from __future__ import annotations

O 0 NN R W N =

import json

10 from dataclasses import dataclass, field
from pathlib import Path

12 from time import time

—_

15 @dataclass
16 class Sessionlog:

17 path: Path | None = None

18 events: list = field(default_factory=list)

19

20 def __post_init__(self):

21 if self.path is not None:

22 self.path.parent.mkdir(parents=True, exist_ok=True)

23

24 def append(self, event: dict) -> None:

25 event = {x*event, "logged_at_unix_s": time()}

26 self.events.append(event)

27 if self.path is not None:

28 with self.path.open("a", encoding="utf-8") as handle:

29 handle.write(json.dumps(event, ensure_ascii=False, allow_nan=False) + "\n'")
30

31 def action_events(self) -> list[dict]:

32 SRS A EEE (9 request_id —4, SEIKKH) o

33 return [event for event in self.events if event.get("response") is not None
34 and event["response"].get("accepted") is True]

35

36 def step_events(self) -> list[dict]:

37 meon RS (B _log_step BN, EAAMF) o "t

38 return [event for event in self.events if event.get("event") == "step"]

src/mcm26b/protocol/rules.py
"PO ML S PUARAR A MBI AR SRR el BT AR .

&HE issue/IfHF/KH12. docx LIS EHE H U H K WiEda > 45 5-9 17,
P AR S PR R, B AL T E A AR L AR 5 B s
FARA B I AT P B/, NRATEERRA DL docs/ PN 5 R Z5H1 - md.

B e Y R N
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from __future_

import annotations

from dataclasses import dataclass

#o-——= GERAD D] —— -
NO_SIGNAL = "no_signal" # WOREMFES: HARGEBRIE / BREEE /7 s
NEAR = "near" # JEE <=5m HAEFEEMA: RiKEE svd_deg

DIRECTION = "direction" # H159; W svd_deg (& =1° i3, {REMLL/ING)

MEASURE_RESULTS = (NO_SIGNAL, NEAR, DIRECTION)

CLEAR_SUCCESS = '"success" # 20m NEIIIERE: FEN 5s
CLEAR_NO_TARGET = "no_target_in_range" # KAI (FLIF/CIEM/#H20m) ; KR 3s
CLEAR_RESULTS = (CLEAR_SUCCESS, CLEAR_NO_TARGET)

EXIT_USER = "user_exit" # /exit JEIhmg R AR i [E R H R A

# accepted=false [N HEIX 3 NMFEL; virtual_time_s HN 0, FJEYHin %) [EimE]
BASE_RESPONSE_FIELDS = ("accepted", "real_timestamp_ms", "virtual_time_s")

# - WRFBE -

@dataclass(frozen=True)
class FieldSpec:
PR B2, DR R 5.1 T AR 4N,

kind: type # str / dict; HUEFBIH sim FEHEERL/ I S 200N AR LS
required: bool = True
max_bytes: int | None = None # FHFHIFELN UTF-8 K& LR

COMMON_FIELDS: dict[str, FieldSpec] = {
"arena_id": FieldSpec(str), # WK "default"
e e

"robot_id": FieldSpec(str, max_bytes=64), # BETHETERESHEINS
"request_id": FieldSpec(str, max_bytes=128), # ZxiGNHE&eaE, Hrah/EfH#r 1D

POSITION_FIELDS: dict[str, FieldSpec] = {
"x": FieldSpec(float), # A JSON number, |x| <= 2_000_000
"y": FieldSpec(float),

}

# PR > BRANFBIOMYEIEFE: /enter 5 /exit JCMINT B

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 H4 ME&%it3EZ; 1.5 ig[El HTTP 400 [Hifh]

# ———= WNFBIE (accepted=true WHAFTINT-BL) -

RESPONSE_FIELDS: dict[str, tuplelstr, ...]] = {
"/enter": ("max_virtual_duration_s", "max_real_duration_s", "remaining real_duration_s"),
"/measure": ("measure_result",), # direction W5 F svd_deg
"/clear": ("clear_result",),
"/exit": ("exit_reason",),

# - HEREX DHED WHE2 5.3

STATUS_OK = 200
STATUS_BAD_REQUEST = 400 # JSON i/ 4G /5 Br/ 8L /e s AL Y5
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78  STATUS_CONFLICT = 409
79  STATUS_RETRYABLE = (429, 500)

# |5
# PR/ TR B RS g

82 def http_status_meaning(status: int) -> str:

table =
200:
400:
404:
405:
409:
413:
415:
429:
500:

¥

"HIfECHT T, B JSON AR EBLSSIELL (B accepted) ",
“iHRE MR AN request_id, BIEfFAE M 10",
"B AR ECARE I ChRZ RHRIL SIS E) ",
"EAEgARMEH TR POST ik,

"request_id FFEFMIREIFL KL FIME",

R 65536 T,

"Content-Type i{ Content-Encoding A" %",

"R/ R, SRR IR E) BR,

RIS N A IR,

return table.get(status, "JRALIRZAIG™)

src/mcm26b/protocol/state.py

""PO/PL WA A HIRASHL: BLE . MRS RN 2] 5 i RS

SEHEALN ] -
- Hf accepted=true MR 4 i apply_*; accepted=false —f M,

i request_id XM ARZNE. HIFLAR D1

TR TR

- RIS Z] UL —IR accepted=true MMM AHE, AHI B AE—EUAZ X
- /clear REUEMIFIHYHISHIE , AL DIRFEI
ik /measure XTI A WUISE SR b AS UG IARIE -

- 1
nmnn

1
2
3
4
5 H virtual_time_s=0 &Y Ml ;
6
7
8
9

__future__ import annotations

13 from dataclasses import dataclass, field

10
11 from
12
14
15 from

..config import CostConfig, Vec2
16 from .rules import CLEAR_SUCCESS
17 from .timing import CostBreakdown, clear_cost, measure_cost

20 class StateError(RuntimeError):

" REHULIAFRIUT A (B0 enter # apply_measure) . """

24 @dat

aclass

25 class RobotState:
position: Vec2 = (0.0, 0.0) # /enter NINJGi#IA ™ i)

channel:

int =1 # /enter JEINEHIMILGIGE [HIH]

virtual_time_s: float = 0.0

entered:

bool = False

exited: bool = False

action_count: int = 0
# PG SC A (R 250 5% s strict RIS HYEUR 254 BI04 .

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 ufLiEH5]} enter")

self.entered = True

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, *,
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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
81

82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

cost: CostConfig = CostConfig(),

strict: bool = False) -> CostBreakdown:

self._require_accepted(response)
if strict and (not self.entered or self.exited):

raise StateError("/measure ZR[. enter HAIEH")

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

apply_clear(self, request: dict, respomnse: dict, *,
cost: CostConfig = CostConfig(),
strict: bool = False) -> CostBreakdown:
self._require_accepted(response)
if strict and (not self.entered or self.exited):
raise StateError("/clear R, enter HAIEH")

pos = (request["position"]["x"], request["position"]["y"])

success = response['"clear_result"] == CLEAR_SUCCESS

predicted = clear_cost(self.position, pos, success, cost)

# PUBRFFAAE : /clear AYHMFAAUIGE [HIT]

return self._advance(pos, self.channel, response, predicted, strict)

: predicted.total_s,

T S
def _advance(self, pos: Vec2, channel: int, response: dict,
predicted: CostBreakdown, strict: bool) -> CostBreakdown:
# SESERA TR T strict BT RO BL IR
actual_delta = response["virtual_time_s"] - self.virtual_time_s
if abs(actual_delta - predicted.total_s) > le-6:
message = (£"(EHSFUNA—EL: Fi {predicted.total_s:.6f}s, "
£'520 {actual_delta:.6f}s ({predicted})")
if strict:
raise StateError (message)
# AETARA: CIRASAS LA N A, 22 iC N H R R .
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 [HJIiL A 7 B Hrpk 45

src/mcm26b/protocol/timing. py

wnpo 4R . /measure 5 /clear HURENTAME, AN K MI4EE:

WL P25 10717 AT 72 (L e — B
A5 105, 111, 194, 199 F» (tests/test_protocol_timing.py [Efk) -
% P I AT M Py AL P R — B R 0 R oL il

R BT B =

from

_future_

import annotations

from dataclasses import dataclass
from math import dist

from .

.config import CostConfig, Vec2

@dataclass(frozen=True)
class CostBreakdown:
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20
21
2
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

AR S BN DR B3 + BB (U + BfEAs. v

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:
"B RIUR AR Bt SR B
return sum(round(value * 1_000_000)
for value in (self.move_s, self.switch_s, self.action_s))

def measure_cost(prev_pos: Vec2, pos: Vec2, prev_channel: int, channel: int,
cost: CostConfig = CostConfig()) -> CostBreakdown:
"Gk /measure [WEEMS . AR EAMEE: WE HE R GE R G AR
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,

def clear_cost(prev_pos: Vec2, pos: Vec2, success: bool,
cost: CostConfig = CostConfig()) -> CostBreakdown:
nnnavl /clear HUFENT .

/clear [#] channel & HFRTHLIMGE, Y MAIGE, WAFEGSGEFRER D8] .
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,

def move_time(a: Vec2, b: Vec2, cost: CostConfig = CostConfig()) -> float:
TR R R RS SRR GRLRIAT) o e

return dist(a, b) / cost.speed_mps

src/mcm26b/protocol/transport.py

nenEEEINER . HTTP A0 SR S m i, TR N S A H A

HiafrH :class: RequestsTransport™; HEIIEZRSA :class: LocalSimTransport”
(sim iBe) HEF: FH PlaybackTransport. iEFEAINS EHBIN % —il

:class: “TransportError™ —— MWKIKS EiX " F—3hfE" LFE H)JH request_id
sk DEHE], i client BE{fF.

from __future__ import annotations
from dataclasses import dataclass

import requests

class TransportError(Exception):

SIS L TR, SRR, AT AR,

@dataclass(frozen=True)
class TransportResponse:
status: int
body: bytes
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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

class Transport:
"vvfiN POST $EIT. RHHISE, —R—AMER BHLEEREST) o

def post(self, url: str, body: bytes, headers: dict[str, str],
timeout: tuple[float, float]) -> TransportResponse:
raise NotImplementedError

class RequestsTransport(Transport) :
"IEF requests HUBKIAZEIL. timeout=CEEHEE, EHO. "t

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: # HUEiH R0 [a] L1 ) 25 J A 1
raise TransportError(str(exc)) from exc

return TransportResponse(response.status_code, response.content)

src/mcm26b/routing. py

RS/ AU LA PR TR SR (51/86) .
Bt (docs/ 88 =PU &8 5 3SR TT %8 .nd 81, §3.2. §3.4) -
- PR AR R A E R R 2 E D) AL SR L — AR el
= RUESEE TR, R = © B3t + © SRR
- /NI (n < CUEXACT_LIMIT ") HEH Held-Karp Hify DP, FUAEE KN Al
HAEARITIE + 2-opt / Or-opt Bk, JFIRZZEH *+MST N AL+ M TYELE AN
- TAREAC SRR NRAUE R THE . WANSURE R/ RRIE L

A5E . B ERICEE B+ Ok) 5 WA I TT4%  speed_mps™~ AbSH.
2-opt / Or-opt H] 0(1) EARNIHE, ff n ~ 107 B ATTEZFIN 2.

from __future__ import annotations
import math

from .config import Vec2

EXACT_LIMIT = 13 # Held-Karp JIRZA%L 2°n - n: n=13 = 106 496, #4fi Python N[
OR_OPT_LIMIT = 60 # AE b S EGE S I Bkt =By Or-opt (I, improve_open_path)

def path_length(order: list[Vec2], start: Vec2 = (0.0, 0.0)) -> float:
TR K (A start, ZREM) 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]:
RSP T (0. RS ER) .
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
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46 return order

47

48

49 def two_opt_open(order: list[Vec2], start: Vec2 = (0.0, 0.0),
50 max_passes: int = 8) -> list[Vec2]:

51 TR AR 2-opt (K HE: RREENT B, AT RAREE) .
52

53 WM 01 Jg#% [1..3]1 Hgm (prev, i) 5 (j, next) Wil
54 e

55 best = list(order)

56 n = len(best)

57 if n < 3:

58 return best

59 for _ in range(max_passes):

60 improved = False

61 for i in range(n - 1):

62 prev = best[i - 1] if i > 0 else start

63 pi = best[i]

64 d_prev_i = math.dist(prev, pi)

65 for j in range(i + 1, n):

66 pj = best[j]

67 nxt = best[j + 1] if j + 1 < n else None

68 d_prev_j = math.dist(prev, pj)

69 removed = d_prev_i

70 added = d_prev_j

71 if nxt is not None:

72 removed += math.dist(pj, nxt)

73 added += math.dist(pi, nxt)

74 if added < removed - 1le-9:

75 best[i:j + 1] = best[i:j + 1][::-1]

76 improved = True

77 pi = best[i]

78 d_prev_i = math.dist(prev, pi)

79 if not improved:

80 break

81 return best

82

83

84 def or_opt_open(order: list[Vec2], start: Vec2 = (0.0, 0.0),
85 max_passes: int = 4, max_segment: int = 3) -> list[Vec2]:
86 "t"nor-opt: UK < max_segment A BHRAE OIFitikis. WEMAMN 0@)) o "
87 best = list(order)

88 n = len(best)

89 if n < 4:

90 return best

91 for _ in range(max_passes):

92 improved = False

93 for length in range(l, min(max_segment, n - 1) + 1):
94 for i in range(0, n - length + 1):

95 segment = best[i:i + length]

96 rest = best[:i] + best[i + length:]

97 for j in range(len(rest) + 1):

98 if § == i:

99 continue

100 candidate = rest[:j] + segment + rest[j:]
101 if _segment_move_gain(best, i, length, j, start) > 1le-9:
102 best = candidate

103 improved = True

104 break

105 if improved:

106 break

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:
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116 """ order[i:i+length] IHF|XITLBIRIN J ALATE TIKE (E=H4) . "

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 "REAR + 2-opt + Or-opt HYJFIESAEIGEE (R SR

129

130 Or-opt MIRFEITA 2 0(n®), YEMLS%#E :data: "OR_OPT_LIMIT™ Hf 2
131 0(n?) HJ 2-opt (JERIE T Or-opt MMIXFHLERZE/NT HEFAMRAN)
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 M§WfiFFiffe GEMEE. ZriH )

142

143 WA~ dplmask] [31°° = V7RG mask. YMHIELE § HRANKE

144 AL 2°n -0, (WHT n < :data:‘EXACT_LIMIT‘O IR B 1A 1[}1
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 dp[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[fulll([jl)

176 order: list[Vec2] = []

177 mask, j = full, best_end

178 while j !'= -1:

179 order.append(points[j1)

180 previous = parent [mask] [j]

181 mask "= 1 << j

182 j = previous

183 order.reverse()

184 return order

185
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186
187 def optimal_open_path(points: list[Vec2], start: Vec2 = (0.0, 0.0),

188 exact_limit: int = EXACT_LIMIT) -> list[Vec2]:
8 UL (SER) TPRER: ABLEURGH. KHUBE 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 NEALE (Prim, 0(n?)) ;5 & start W4 ISR EARER 5.
198

199 FEIBER AR MR B Jm — 4 MR — S A i, i MST I < et kK.
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 < O:

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]:

29 i Ccellmt WHET (R—#RLASE KAL) o

230 seen: set[tuple[int, 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 mr g EER B IT AL I MST TR SMX gap (S1 MRHI) o vt
244 unique = _dedupe(service_points)

245 offline = path_length(optimal_open_path(unique)) if unique else 0.0
246 lower = mst_weight(unique)

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 }
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scripts/audit_paper_formal.py
"""Audit only the formal exports selected in the official simulator's test folder.

Match the public activation-ticket digest to the official statistics queue,
and the complete package digest to its result sidecar. Export the selected

statistics and reproducible paper tables using the Python standard library.
nnn

from __future_

import annotations

N R = N O R

import argparse

10 import base64

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 datal[: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 0 < 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),

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]:
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69
70
71
72
73
74
75
76
77
78
79
80
8

82
83
84
85
86
87
88
89
90
91

92
93
94
95
96
97
98
929
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
133
134
135

selected = sorted((sim / "test").rglob("*.jlog"))
if not selected:
raise ValueError("No formal exports in test/")
queue = sim / "JammersSimulatorData/formal-statistics-queue.sqlite3"
original = sim / "JammersSimulatorData/behavior-logs"
# Read the live queue including its WAL, without writing to the simulator.
with sqlite3.connect(queue.resolve().as_uri() + "7mode=ro", uri=True) as db:
db.row_factory = sqlite3.Row
query = "SELECT activation_ticket_sha256," + ",".join(FIELDS) + " FROM statistics_tasks"
statistics = {r["activation_ticket_sha256"]: dict(r) for r in db.execute(query)}
records = []
for path in selected:
header, digest = public_header(path)
encoded = header["server_ticket_b64"]
ticket_hash = sha(base64.urlsafe_b64decode(encoded + "=" * (-len(encoded) % 4)))
sidecar = json.loads((original / (path.stem + ".result.json")).read_text("utf-8"))
for field in ("problem_no", "formal_index", "case_code"):
if header[field] != sidecar([field]:
raise ValueError(f"Mismatched case: {path.name}")
if digest != sidecar["package_sha256"] or digest != sha((original / path.name).read_bytes()):
raise ValueError(f"Mismatched formal package: {path.name}")
matched = statistics[ticket_hash]
row = {name: header[name] for name in ("problem_no", "formal_index", "case_code",
client_version")}
row.update ({name: matched[name] for name in FIELDS})
row.update ({
"file": path.relative_to(sim).as_posix(), "size_bytes": path.stat().st_size,
"package_sha256": digest, "activation_ticket_sha256": ticket_hash,
"created_at_utc": header["created_at_utc"],
"ended_at_utc": sidecar["ended_at_utc"],
"content_encryption": header["content_encryption"],
"identity_and_ticket_content_omitted": True,
"same_as_official_original": True,

b

row["derived"] = derive(row)

records.append (row)
keys = [(r["problem_no"], r["formal_index"]) for r in records]
if len(set(keys)) != len(keys):

raise ValueError("Duplicate formal attempt")
return records

def write_outputs(rows: list[dict], out: Path) -> None:

out.mkdir(parents=True, exist_ok=True)
snapshot = {

"schema": "paper-formal-audit-vi",
"selection": "Only Jammers-simulator-full/test/**/*.jlog",
"statistics_source": "Official formal-statistics-queue.sqlite3; matched by SHA-256 of the public
activation ticket",
"coverage": {str(p): sorted(r["formal_index"] for r in rows if r["problem_ no"] == p)
for p in (3, 4)},
"measurement_scope": "Per-case official action counts, virtual duration and program duration",

"limitations": [
"Source totals, source types, solver commit and trajectories require additional evidence.",
"Queue state confirmed records a statistics submission acknowledgement.",
1,
"records": rows,
}
(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):
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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
194

196

def

row = by_index.get (index)
if row is None:
lines.append (£"{llif, {index} & RIZMLICE & —— & —— & —— " + r"\\")
else:
avg = Decimal (row["virtual time_us"]) / 1_000_000 / row["cleared_jammer_count"]
lines.append (f"lli#, {index} & \\texttt{{{row['case_code'l}}} & {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}Total}}{{{fixed(total, 6)}}}",
f"\\newcommand{{\\Q{word}Weighted}}{{{fixed(total/count) }}}",
£f"\\newcommand{{\\Q{word}Mean}}{{{fixed (mean)}}}"1)
shares = [Decimal(r["derived"] ["movement_share_percent"]) for r in rows]
runtimes = [Decimal (r["program_run_duration_ms"]) / 1000 for r in rows]
constants.extend ([
£"\\newcommand{{\\FormalClearCount}}{{{sum(r['cleared_jammer_count'] for r in rows)}}}",
f"\\newcommand{{\\FormalMovementMin}}{{{fixed (min(shares), 2)}}}",
f"\\newcommand{{\\FormalMovementMax}}{{{fixed (max(shares), 2)}}}",
f"\\newcommand{{\\FormalRunMin}}{{{fixed (min(runtimes))}}}",
f"\\newcommand{{\\FormalRunMax}}{{{fixed (max (runtimes))}}}",
D
(out / "formal-macros.tex").write_text("\n".join(constants) + "\n", "utf-8")
audit = ["# [ERIEREARAZ, ", £"ZARRICE ~Jammers-simulator-full/test™ H1ff] {len(rows)} fIER S
. v,
"HI A SLFER R BIE B AR A A, HRIES . GRS R Ty IE UG R B A 0 B

n nn
IRo >

e EXFS | EA—2 | 4 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}" |")
2fﬁ+=ﬁﬂ”Ewﬁﬂﬁgﬁﬁﬁﬁﬁ”’ﬁﬁ@ﬁﬁ@%mﬁﬁ%ﬁoﬁw%ﬁﬁﬁﬁﬁ=%%ﬁﬂ@ﬁ/fﬁﬁ
. ",
"R Bl 1R] R DR A SRR BT B R BREE .
"“confirmed™ FIRGEIIRACHIIN, “user_exit™ FnFIMEH. ",
"SI PN SR B B H Y E AR R RS T A SRR A . v,
"B RPN I IR S X ST WA SRR A, ]

(out / "audit.md").write_text("\n".join(audit), "utf-8")

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"]
if path.exists() and public_header(path)[1] !'= row["package_sha256"]:
raise ValueError("Snapshot and formal export disagree")
else:
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197 rows = collect(args.sim_root)

198 write_outputs(rows, args.out)

199 for row in rows:

200 print (£"Q{row['problem_no']}-{row['formal_index']} {row['case_code']}: "

201 f"cleared={row['cleared_jammer_count']} average={row['derived']['average_clear_time_s']} s
n

202 f"real={row['derived'] ['program_run_duration_s']} s")

203

204

205 if __name__ == "__main__":

206 main()

scripts/build_paper_support.py
"""Build vector figure sources, complete source listings, and a compact support ZIP.

1

2

3 Formal figures use the audited snapshot only. Geometric figures use declared
4 algorithm parameters, not fabricated observations or hidden simulator data.
5 nnn

6 from __future__ import annotations

7

8 import argparse

9 import hashlib

10 import json

11 import zipfile

12 from decimal import Decimal

13 from pathlib import Path

15 ROOT = Path(__file__) .resolve().parents[1]
16 PAPER = ROOT / "docs/paper"

18 # Display copies only: executable Python files remain byte-for-byte unchanged.
19 ESCAPE_OPEN = " (" + "*@"

20 ESCAPE_CLOSE = "@x" + ")"

21 LATEX_SYMBOLS = {

22 "\u03b1": r"\alpha", "\uO3b4": r"\delta", "\uO3b8": r"\theta",

23 "\uO3bb": r"\lambda", "\u03cO0": r"\pi", "\uO3ci": r"\rho",

24 "\u03c6": r"\varphi", "\u2308": r'"\lceil", "\u2309": r'"\rceil",

25 "\u2200": r"\forall", "\u2203": r"\exists", "\u2205": r"\varnothing",
26 "\u2208": r"\in", "\u2227": r"\wedge", "\u2229": r"\cap",

27 "\u222a": r"\cup", "\u2248": r"\approx", "\u2264": r"\le",

28 "\u2265": r"\ge", "\u2286": r"\subseteq", "\u2287": r"\supseteq",

29 "\u27f9": r"\Longrightarrow",

30 3

31

32

33 def escaped_listing(source: str) -> str:

34 if ESCAPE_OPEN in source or ESCAPE_CLOSE in source:

35 raise ValueError("Source collides with the LaTeX escape delimiters")
36 return "".join(

37 ESCAPE_QOPEN + r'"\ensuremath{" + LATEX_SYMBOLS[c] + "}" + ESCAPE_CLOSE
38 if ¢ in LATEX_SYMBOLS else c for c¢ in source

39 )

40

41

42 def digest(data: bytes) -> str:

43 return hashlib.sha256(data) .hexdigest()

44

45

46 def figures(rows: list[dict]) -> None:

47 out = PAPER / "figures"

48 out.mkdir (parents=True, exist_ok=True)

49 plan = json.loads((ROOT / "src/mcm26b/guarantee/plans/q4_mincover_v2.json").read_text("utf-8"))
50 lines = [

51 r"\begin{figure} [htbp]\centering",

52 r"\begin{tikzpicture}[x=0.00145cm,y=0.00145cm,font=\small]",

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) nodel[right] {$x$/m};",
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56 r'"\draw[->,warmgray] (0,-2800)--(0,2850) node[abovel {$y$/m};",

57 1

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: JHNIE LI \\WE M STAKIEEY; ",

65 r"\node [anchor=west,align=1left] at (3250,-700) {F}Jruli s fE R AMNN\ ] FIEU m A0 & 5 IRy 5 ",

66 r"\end{tikzpicturel}",

67 r"\caption{ 55 PU 1] 6245 7 W A A 3 1Y 3 1A Rt A L ¥ a3

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 = len(rows) - 1 - j

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']}-{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
3D

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", "kuiu", ", "FEFEE")):

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{tikzpicture}",

98 r"\caption{IEF MK R ITBLAEN 20 . BBl 1] p SIS 15 & ST E0 . 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(ROOT).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()

121 escape_option = "escapeinside={" + ESCAPE_OPEN + "}{" + ESCAPE_CLOSE + "}"

122 text += [fr"\subsection*{{\pathtext{{{rel}}}}}",

123 fr"\1lstinputlisting[{escape_option}]{{{display_rel}}}"]

124 text.append(r"\endgroup")
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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

188
189
190
191
192
193
194

(data / "source-listings.tex").write_text("\n".join(text) + "\n", "utf-8")
table = [
r"\begin{longtable}{p{1.15cm}p{13.3cm}}",
r"\caption{/IiiE 1E, T H U5 5e B AU 75\ label{tab: packages}\\",
r"\toprule & & JEI5 144 % SHA-256\\\midrule\endfirsthead",
r"\toprule Zfl & JEIHC14 K 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]}}}\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 = """# &5 5k

LB test WA IES S HH Je e A DT RCE B 77 e 3t o
W= UL ZUIER IR SRR B LGSO 48 B SR R

## IRLZTT

Python >=3.10; Z3% requests, A1 numpy M.
1A H % {# | PowerShell:

$env:PYTHONPATH = (Resolve-Path src).Path

python -m mcm26b.cli --help

python -m mcm26b.cli run --problem 3 --strategy bayes —-robot-id <IHiLI#FEFNS>
python -m mcm26b.cli run --problem 4 --strategy directional --robot-id <HEPIZE NS>

FELRATA T B Bl P 7R L B R . R L
RGN H A4 73 T 0 referee 4,

# HELRSCHARAIE

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

PR STEAM B SR BRI R . SR EOR BB OTIES
GeitOAg, i ARG A ISt 6l . EBTI IR TR IC RC A5 5 G 1 4 1A A1) o
ML 5 TR A IR R R DL SRR A

# Y
2244 TeX Live (XeLaTeX. ctex. TikZ) , ¥EA docs/paper:
latexmk -xelatex -interaction=nonstopmode -halt-on-error main.tex

Ji At R0 H bR . R IR RT A SR H docs/paper/fonts H s Hl
[F—HMIX i E . i latexmk HZ5EEA LG| RN Lk Y01E.
support-manifest.json FHAHN IR GG H HFRIN) K SHA-256,

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("*"))
selected.update((PAPER / "figures").glob("*.tex"))
selected.update ((PAPER / "sections").glob("*.tex"))
selected.update ([PAPER / "main.tex", PAPER / "mcm26b-paper.cls",
PAPER / "README.md", PAPER / "REWRITE_NOTES.md",
ROOT / "scripts/audit_paper_formal.py",
ROOT / "scripts/build_paper_support.py"])
for row in rows:
path = ROOT / "Jammers-simulator-full" / row["file"]
if digest(path.read_bytes()) != row["package_sha256"]:
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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

raise ValueError("Original formal package changed")
selected.add(path)
blobs = {p.relative_to(ROOT).as_posix(): p.read_bytes() for p in sorted(selected) if p.is_file()}
blobs["README.md"] = SUPPORT_README.encode("utf-8")
blobs["requirements.txt"] = b"requests>=2.31\nnumpy>=1.24\n"
manifest = [{"file": name, "bytes": len(value), "sha256": digest(value)} for name, value in sorted(
blobs.items())]
blobs["support-manifest.json"] = (json.dumps(manifest, ensure_ascii=False, indent=2) + "\n").encode(
"utf-8")
out = PAPER / "support-materials.zip"
with zipfile.ZipFile(out, "w", zipfile.ZIP_DEFLATED, compresslevel=9) as archive:
for name, value in sorted(blobs.items()):
entry = zipfile.ZipInfo(name, (2026, 9, 13, 0, 0, 0))
entry.compress_type = zipfile.ZIP_DEFLATED
archive.writestr(entry, value)
if out.stat().st_size > 20_000_000:
raise ValueError("Support archive exceeds 20 MB")
print (f"Support archive: {len(blobs)} files, {out.stat().st_size} bytes")
return out

def main() -> None:

if

__name

parser = argparse.ArgumentParser(description=__doc__)
parser.add_argument ("--package", action="store_true")
args = parser.parse_args()
rows = json.loads((PAPER / "data/formal-results.json").read_text("utf-8")) ["records"]
figures(rows)
listings(rows)
if args.package:
package (rows)

== "__main__":

main()
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