EFHERIREILAS AU E/
ek TR BB E LB R

moE

BEOrEEE A EA RS AR R N R TR B T U B shHEA R, AT
LN FEE B8R 5 BEA S AR . A5 DA 35 v a3 2 4
PEEAERFEEES, DIEGRERARERIRENTL, B ah. . s Gk
G — YA B URER

BRI —, H 45 U ) BEREAL A ] A B P 23R, i AR mME . W]
FIVEGE A AL A B P X, Ry a4 R ABIBIETE o 1IEIH X B AR E T A
XS, A ERRE SRR S = AT R BN 40 m AR
PURIE— I ER, DL A s/ M B R R EA I 20 m (58 50E$ .

BEXFIEE =, fE O e Sl BRI A, E SCORIEFEM X3 A i A
AL E ) 1000 m B2 38 . JiF BHER T A 3 B INVEL L 2420 1500/ (2 cos d), MR
FZHA 0 1.005° B, BFRARY) 249.885 m {7850 22 AR ds . FELR SR A R R M AM
[, TESLN LA 37 Mgk S B SRAER IR G 3 A2 5 R 3l ]

EEXFIRIE =, M R 5 SR C SR 5, EIRRAR 1159.7 m INIE R
W SRR AT 984.539 mo Z5A (R ST MR B IE VLI SEHT . 15 B 3G 45 08 A0 5 Pk it
RRENAEE , HZ IR U E SE BRSSPI B 7 IS 2 5l iERR 134 15 MR, P
Y E DL TS RN ] 2 238.075. 232.889 s/4 s

BEXFIREEDY , DIALE-S 5 ) R A L AR AR R Y, SR 31 B sE il T
DG 5 RS S5 25 6 4yt 49 USRS g S EiE R, JF Ui PR s &
B RBURTN I WIE R . PIfr IR0 40 5 FR 13 10 MR, ~PY4 5@ AL 5 BRI E] ok
720.171. 927.130 s/4>,

R gAY E 3R B SRR RO F . B GHUR B B T RIES test
HErE B AR HICES T EREARR A FFIREE, BOMBLEREER,
=, PUREE =R IER e R AR

XF G SRE DL R N I I SRR AR A% R Ty i R — AR SRR AR R LA A
R AEX IR E 4.583 my B R AEMETIR 52.5%, RARIRE 14.599 m; [b]# — 204
W ORIE A SE LR ARIE BRI A 0.0%,  JUORIEBIC T Bl /8 1) SRR M) SE R e IR SR e 12
340.747 m;  [R)E = BRI\ SRIEAE XS 49 5 PR A& HY T34 R ALUIN 18] T I 78.4% ;[ U B 4t
FH 1) = SR B L 24 YREBRE IR A ARk A H @R I MEE SRR, H
FTHURI AT R, SIEXRGIH TR, SEFHHEIT.
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REEIA: ARIRZE: RLENM: BGEE: E3hE: &



1 [BRREIA
1.1 [EEE=

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

12 HRES

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

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

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

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

AEHECSRPE = &SR ERIERIR, HRGFRAZNEHE AT EE R IE X%
P APy, SR EREEZIRNBRIORES . XERFTRM AT R, PERREZIRG
RAE, WAL EEEEPUT.

2 [T

PO ) e — A% OB 1 5 BUAE R AT RO B AN IE] 1o dir 1SRRI 20 S Y X
BRI EEEFER . RS PUETEE; PRBEKREWIEEZ . JORESHITE . 204k
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Pk . BN R SRR BT HUTEIME: T RMEA&ANES, KT
ERE EALEEREAT e ORI 5 Sk X S a2 b [
— IR E S ISRERUTAYE , FR= PUSE H = A P PRE R ] 2051 N A2
Ti e

Lo X Q: F#421800m > BEh5mis-#ill6s [> WF1s-FREBs | > IR 10~16 1 - STE 1~20
L1 HER: RERSHTF=ES > REE: BRE5ESE > WITE: BITEFE
L2 [E)RE 1 EMBRE > [E1R8 2 58— mUskR > (872 3 £EER > [BR2 4 REEM
L3 R > EfIHIH > TR

BT DU A AR A - B (LO) R )2 (L1). M EL (L2) H5RI. EfL 1HhR
AW (L3).

Y T A S B 5T LA 23 A 21 25 PRAE R SR B B 0 5% 3R o IR — HAZ R B T R 22
SR SBE AN ES TR BYOR A BERGIT 1, ARE4 R A ALIX
A EARRUN, HAam Tk p R B T AR O B, R R AT HE EAR S
(2R Sl

[0 78— [ I 2 T LR W S e T L ) 2 LB SRR B A8 2 A T RE AR A5 — )i
W, SEOAES: ERERTAGL G b O T REGR /M [ B2 . PRI Jo Al T XEAR RN EL R
Yz i B XS, BEE P AR AT ENE. “RIERES N BA T EIEN, “f
BRI B TR TR B PR

e = 5 AR R 1 R L BRI AR W X R BUE TR G BHGR . AREHRER
AR BRI E » AL 55 AR IE KA PRI g B e, LGOI HERR A vl g
fiE, Dl /N B ik R, @ iR e s L IS5 5 e A 55 Z AR IR »

[P b, JofE-SBERTRESR HPERS . AT RESR H W11 H O BR8] £ 78 o fr
BRI A 2 B 5 S O S I e G AL I R OR B AT REEE R A AR . A T L
fst U P TS BR AN SZ 0 1) BR A o, B e 79 T RE 2 R /N DXt DU TR R R 1 BRI
SZJ2 LIERS: IRk g, fRIESEIE T RS, (B PITIE R A,
oo SRS DT R B TERRIIESE 03T R SR IE A



R 1:

R 2:

fRi3 3

i3t 4:

Rk 5:

3 RERRSERAR
WAL E BUE. RS A BERNE AR AE— RN P R RS, AN TR B
EEATI X5 SRS S s H 3 E s vk — 2
R ZHERIREE R, Mg e R Hlas N E &M, Rl Hulil. i
SE DL B LS E I B AT T

JURORAIE R A R ZMEENCE R B R DB 58 AL NS R i
7%, TELAMAI derr = 1° + 0.005% ZMHIMBEIHENRER, NEUSE R PR
W&o

SR AR R, AR EAE . 0R. RE 0 PR S SRR S ] . IE RS
B AR A s IE AL DL E ) B 75 T S I B

5 B i 5 T DAV 20 SR FH 2 5 M b A T B 2 S e AR A D SRR 42 5K
A H R X SRR AT, WO VB A RIER RN R B R

B =500 A3 2 R B R RO BB R RS R T Bk, IERXHER
S BTSRRI L CSE T, AN SOMB B B2k A H i B I s s 55 EC PR ARAR o

4 B

# 1 EEFT AL

e X L: X2
Q2 R T 0B B L PR, R = 1800 m

9, Sis q HIEME. AR RS m

0, 0 NI AR A s
u(a) PR 5[] ) B (cos a, sin ) _

Wi, P 55 0 /NI AR R Al R AR AR -

K., P B8 ¢ B ATAT 0L E AR ARSI M -
D(P), m, p % A R N 2 NS5 P S m
R_,R, BCER T ER, 45124 1000, 1500 m
Q(K) SRR K ORIEFZIC AR I 5t DX 35, -

l, € WK B O B B 0/ /2 m

Y, H R 17 B v B RS 25 B, A
L, T 6 301 A BE B8 R S R AUURE I m, s
Ny No, NE, NS Rl $e85. IhIERR RO BRIREL K

T, Trea P E LI BRI ) S R s A7 I ] s, s




BOAHE S = A R B AR RCR AT s i ° IR SEH B NINE . iC [a,b] = a.b, —
ayb, KX, Ble,r) FH B

5 THEHRE S SIEIRE
5.1 zlﬁ']kjtlﬁnu‘\f\j]ﬂz

BiH$:O HA /enter. /measure. /clear 5 /exit PU5384 . iR SIRIK AR
BENS BENEITE S OIS WE, #ENERTRR 5, WE 2. 2 accepted=true
FA) Wi 17 44 3 REAEL IS Ao s AR 77 SR R 0 ) AU 20 %, RE SRS AT 20,
AN E S M PARE. — KA /measure Z5H )5, I I AL 18 56 35 A 2% Y A
B /clear 5 A2 HARAIE , BEASCR M M URGE , A AR iFent . HILiERRZ
Jio J5 N R FE IS B T E— IR /measure BUAFIE , T A& 5 BRI SGE -

IDLE — Elitht 5 OPEN #0071 — CLOSED K%

B2 SARRENL. HENGLS s BT DR, 38 s R A R AR

52 ENMERERS RITERIRTE
AR 2 SR O BALRERS . WA 2. KTGIRR EITL(E S iR A
B, it 5s; BRI 5 s, HHOGEEN 3 v WOLTEER 25, Adrrh BRI S AT
WA 3 5o BB BRI MALIE S . HAH QBB iR 0 B -5 B AR P A T o
2 BMERERTELN . BEBIRER 4G T ELARBERSBR L 5 ms.

ME 8L FERIFERT /s Wi

JEN  /enter 0 WILENLE (0,0) HIEAMIE 1

e /measure 5+ F£3) + WA R I 45 SR AR AH )

HkE  /clear 5+ %3/ 3+ %3 B/ Rt R, XA ) ARE
B /exit 0 WL AAH, THRRE RS

B R 1 HH4% /measure FMEAE L

s mEhEHENT  BEE /5 FHABBVE R AL E AR

BB STERBIEER L, B BBl Bh il b5 R0 bR i 2 5 h
Ny, N, N5 NG o BB BS S Rl b AR, S BRI

L
T:g+5Nm+NS+5Nj+3N;. (1)

A (1) B Ja SRS HE PRI IR S5 I TR IR, 02 B 7 Rt R R st (X (40)) 1
R B3 AMHER TG R EI B BHEIK DT 30 BRI S #3h 100 s 580 5s, B

6



105 s; JRHIBFIGGE 2 KA 6, RiF 111 s; iERRHARIGE 3 K, B3 80s
Ak 3s, Hip 83s, Rib 194s: EERABUCRIMANUEE, HEERRHEIBGE 2 2
MHFE5s, Rit199s, SHHE—3L.

1 1 L L
20 40 80 100 120

o

60
AR /s

B3 B R G B S . BB BRI R LL b mvs, Bl 7 omig At

53 ERBTE. MEMESZKIE
FE UL ] BE B AT 55 SE G B, I SE P2 AR P RE AR EE & iR, I A RETR
o 2Ll /enter iR [H ] remaining real duration_s Mk, YEEASIVERIHIE B H
BF AL DL E] USSR Bt ZEZR TN A TR S — et . IR A SCH“RE
At (1) KR, B FFIE AT I L4 Bt B0 O E A
W EZER R IF R A AR AR IIE , A DAR T IR 85 R ARRESS 58 e
6 HFE—: ARREXSEMSEER
6.1 RIEAEMAFEFEER
RIS s = (Sia, Siy) HIEEL 0, RELDPREWE HLTMALT [0 — 0,0, + )]
o BE M RTAT 00 B T H i A 3
[u(@; —9),9 — si] >0,
Wi=1<g:[ul®+08),g—s]<0,p- )
u(f;) - (g —si) >0
ZHEAERYE R ax + by < ¢, HIEPURIK A
(sin(0; — §), — cos(6; — 9)),
(—sin(6; + 9), cos(0; + 9)), (3)
(—cosb;, —sinb;),
Hvm A RLE 5 s BN 720 <6 < 90° I, FiMiskCRRERTm Ml F=5K 0
R TaE, FEERIREZRIIEE N M LM IER K H L. SR IEL. RIEERTH

7



4L 0°/360° B 5o
[V — ) 25 1 T R or X S e S

P=(\W;={g:Ag <b}. (4)
=1

RSB JREEFBNN Q SRR e n ST R A, (AR
XEEH A AR N R — B BAR A R PR AR, RN Ml &BL A

6.2 REHE. TERLTRIER

LRI k= 3n. MERBMAATPATUR ar +by = cv dv+ey=f, BELRN

ce —bf af —cd

I:ae—bd’ y:ae—bd' (5)

(PR B e AR U A R R A RREE UMER R DU ES . e
HAETAAR . AR TR R AR PRI B IR 2 I PAT IR S 53R, WO HGT
Uit A2 5 T RE DL RE 4K XS B AR

ARELME B R AT 515 2 MG IR RS TC ST . ) ARG E IR HE

R ={d: Ad < 0}. (6)
HREEZEME, Wo+tde PXFTA ¢ >0 Hisr, KR, HEEHM +oo. “HiLTH
HEATR AL RPN (b, —a) 5 (=b,a) 2EHLEEFHFRAEX Az
— AN EABRSHEGRELR N, WIS BN S ElbEm NGRS, BAE 17
RAZ ST LLAAZS 4. TONLIMEG N BRI [ FEAN T, A HEaS 4EARHEL
ARSI, — AT RS, TS RB, ALk, 54
BAEALEXWAREESE SR, BFURSRERE WM AHE, FFEAHE.
PR B AR N B
6.3 HEE5EHERZERERNFE
firl 1 (WS EAR). % P =conv{vy,...,v,} IEZHHE, N
D(P) =H;3.X||Ui — . (7)

EH. R vy € PTRRNNAS v =30, Avis y = 325 v T REIERHAR
M1,

lz —yll =

> Nip(v; — v5)
0

RIET RS AL T P, BRIk, O

< Z)\iﬂj [[vi — vl < max [[vi = v
i 7



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

o 2 (BB M S B4 AR, BURIETA a,b. 4 D = a— bl o= (a+b)/2.
EEARST D MESE S P, 4 EY

—o| < D/2. 8
Jmax |lv—ol| < D/ ()

IEW]. 242 D/2 WRESEH 0 2 HEE a,b, M D < fla—z|+ |z —b|| < D. %5
il z =0, JuZz, BN, S aEE eI h e, O

BEAMEARESL, BRSNS LB R e = max, |[v — o|| — D/2, BISE| W ST
S E IR . AREAN LB AR p e [ A BRI AN K B o o 1 4(a) A — A=
R FEE A AT AR A A, AR EALXISOR . BN EAARR . 5L
2 Frie/ VML L[] o AR 8 O RS AN T S e, BN 23.997m, DIZERNE
R IR A2k 11.998 m, T izt T o 2 5] O A BE B 4 12.602 m, W ELAR B AN 25 8 1or
X H/MIE RS 12.069 m, 2 20 m fERRRIYE. XA A 40 m
SRR A R A, 7 55 A T R A

6.4 RBISHERER
1525 = Y
A=(0,0), B=(40,0), C=(20,20V3). (9)
HER 40m. LLAB 9EEHEG (20,0), 4255 20 m, H O 2 [EOETHE Y

20v3m, TR, Hig/MIFEREIELCH (20,20/v3), K4 40/V/3 ~ 23.094 m, [F#:
RF MR, B 4(b) JBRPZKE 25

y/m
y/m

1000
. 3
800 .
600
400 o
200 2
E v £
S o . st s
-200 0
400
20

x/m x/m x/m x/m
MEME WS, 0+1°) = EHREP| [--- m@E —— ®J)\8EE MEC| [ AR W, 0:1°) & EUREEP| - - - HEE )\ EEE MEC|

B4 RE—HHAILM. (a) ZRR A e XKIAEERRE S R/NMIEE, WA 5 7 iH
252 {5 USZW-POKN-TCAG-R7ST fAHIE 9, JLf & i 4E P2 3K fi##% mcm26b. geometry.solve BLH; (b)
SN ZFICMATRG), BRERE r =20m REETN C, LB/ MIEE p = 40/v3 ~ 23.094m
B ATRIUR, AL

IR AT R A 10 M k. AN AR I A5 (—1000,0). (540, —500v/3)+
(520,520v/3), RRI/RIAREA 10 121°, 241°, AR —0ih Rh B = AT H = 43014

9



2, H—MBFEEEN=ZMAF, W EE N LR =M. X—HiE U TR — Rk
i, FFAE A L S
b a4 73 v RS N B 5 N X [

P)=mi - i — 2| 10
p(P)=minmax|g—z|, m €argminmax|g—z| (10)

HAHEL AL EATE, o Welzl BEYLIYGEF5 (4]0 SEHR A @ kL
P K Ak, IR TR A 2R A& R R TER A Th, &5 p(P) < 20,
T om WEERRV AT E ST A ATREEL IR FREFERTER R p(P) + fum < 20 IS A
D(P) < 40 BB A, HIFFRR D S5 1F

6.5 BEiE—REZRE

Bk 1 AR MBS SEBGEAE (WP algo-1)
BN [ BUERRIE S R BERIRZEEA
fry s XHORZS. TR, B2 HREES R/ ML E .

LOFAES GRETER . A (RARER . AR 3n P

2. MR PATISRA A (OB A A BRI R

3. TCATAHE E A FEAEde B Ry i 6 5 T 55 B

4 WAIFAEMFETEL ROEL, IR LB R AT

5. MOEELETUSX ., V15 Dy A o, K & HTAE o 7 ST D/2.
6. SRFMIFIE SRS PERBEAR, i HERIES.

DRI FREET OR?) IR, BB b R4, EIHERA O(F°): MERIAT
O(k?logh), EAMZER O(m?). Welzl HIELERGHIHES] T HA WIELNERT ), [ R -1
A BRI M2k . 20T 77 RaE A DRI 4w\ H BRI 100 A
R SRR AP I s 5k

7 EBZ: RIEREAIE DN Rk
7.1 BREMBEEASRERXE

B UCHRORIABER (5,0)0 AREIRIRE MABRAL . 12 38 W IR A U A 3 42

ke R, )

K, =QNW(s,0,0) N B(s, Ry). (11)

HrpfliF Ry = 1500 fiidE R_ = 1000: W25 5 IF A HEHEH FEES/NTF 1000 mo direction
RS ERT 5m: ATHRFEMER, ELATBRXA/NES, RS IRETTREAE,
AEHEBRE R

10



X AR K EX

Fie(q) = maxlq — gl QK)={q: Fx(g) <R} = () Blg,R).  (12)

geK

2 DX P R AT S A T RE LR e NI L A o Fc ™R HLO 1-Lipschitz,
I Q(K) ZpimEE. H (10) T

QK)#8 <+ pK)<R.. (13)

XK 5 AR T AT PR AL dee N L TR AU (5]
LRSI Z IR FRIA S, FEPFEE . Hia%on M. B0 r, s
Z IR0 rsec(m/ M), Hlo KRB [ H RS

en(r) =r(sec(m/M) —1). (14)

A M = 102, TR ESTAATELHY . RITEHE K C P, Sk P
S NI B(m, pou) . A5 S DTGRP 2
VBV L= e 0

Qin = E(m’ R_ — Pout — 77) ; n= 10_3 m. (15)

TR qc Qnun EREE gWRE lg— gl < llg —m|| +[m —gl| < R —no FEILEE =AW —
S direction B near. F#LPAROUT, HEEUHIX S MG RAL . ANEETEIEWT =
F X s: RFREROERE, I BT RIE.

72 EREABBBITIRER

A PRBEBEZ DB BRER, BEBQ, FIE S =W(s,0,0) N B(s,Ry).

WO <H<45°, &
R,
a:
2c0sd’

Gl 3 GIRI A NI D, F3& S BB MR B(c, )

c=s+au(h). (16)

JERH. AT g = s+tu(0+¢), HF 0 <t < R,. || <. F |lg — c|” = 2+ a®—2at cos o,
HRRT t AN KA, RREEXR MG SRS, ¢ = 002R o®; t = Ry BEAET
R% +a* —2aR, cosd = a®, WAL

FRGAR = s, pe = s+ Riu(0+0)0 ALE AL =1/(4cos? ). \g=1—1/(2cos?0)
A EFA 1, HF.0H co ZHIE ¢ Ry a, IMERELS 2, IIACETER% T
@+ ||z = cof*, MED—IE 2 AT a0 EMEEZHMEREEYANT o O

11



BT K CS, TR

(17)

1500 1500
0),1 —
2cos§u( ), 1000 20085)

q€§(5+

B A i SR B — Bl B B AREE Xt SEBREE I R4 1 mme BRI TIXIR, A
FARRAAT X QK1)
3 EReRSE. s (17) B

WEFM HOWTERT WS a/m g E/m
1° 750.114246  249.885754
1.005° 750.115391 249.884609

TEL AT IR Q RBTJR 0 S8 B RIE AR . 18 H BEAE RS K R I Bl [ 55
RIFEIr 2o MNT AR AT ORI A, 2R TR A B A R 25T L
(LESE

1500

1000 .
s a=750.1m
\

500 1

y/m
o

c |
1

1000 - < 249.9.m
-500

-1000

-1500

-1500 -1000 -500 0 500 1000 1500
x/m

\;ﬁfjﬁmﬁ W(s1) - - - - BEfifiESMER B(c, a) R2R%R B(c, 1000 - a) |
Bl S 8 R IRIE X . 22 R B AR S /NI B B(c,a) 5 ORI 1 5% 2
B(c,1000—a); B H2P253#, a = 1500/(2cos ). B 6 = 1° I} a &~ 750.114 m, 1000 — a ~ 249.886
m, 5%3—%.

73 EARRIETS B RIRIERE
AR BRI SR

min sup ,o(KlﬂO(q,y)),M , (18)
9€Q: \ yey(q,K1) 5 lex

Horpp RIS NALE, v FRWTREMN, O(q, y) AWM ATEE, FARERIET
SFPLLES: SEiAMUBIR R AR FHBUDRE SRR . J5 1 2 SO AR, SRR
SCHUB(q,5)0 XA HRALSE 2 ff S B HE b B B 28 T R T 3R

12



S8 S INKEOK I BSR4 B R AT BRI o 7E K (15) MU0 %
B 0.4,0.75, 1.0 fIEAFF LA 12 AT, MR (k+ L2n/12, 3637 . X
FAMFERE ¢, 76 P RDIRKTF 60 m (I FBERAL, 82U, XIS g M2
PR bearing(q, g) + dors HEEHT AR BN, I B near 4335 W
PRI AENE S T (q)o
AL (T(q), lg — pll /5) BN, BRI RALABE S E 15 m ST
T AT T S LI B SR E A, TR T R RN R R ARARE L, A%t
ERRA R B N S et R B 2 SR e Dt B (R HIE U 208 B 57 o
H 2 RUERIRRI gl s (RF R algo-2)
HION: BWRNESRAE, SUEEEEREEENIMT; SEThLE .
i TR SREERIIE S K BRI R IERES .

L. WA E (1) ML 2 e R Ea M.

2. PN BB 22 245248 b = 1000 — poy — 1073,

3. B b <0, REEOIREIFFEHICRIE; B R 37 N0 %E m .

4. g SRR R LIE S 07 A A, AN NIEBEES A, 153 .

5. WIRE PR SE BalmtmlR i s, FELL 15 m DLIE R R A%

6. IRAFHO I f5 BB i 4 s near W HLHLTERR, direction NMIAREEAG A IERRIETS, A & BHE N

&

PAEHHEON Ny TAESCH Nyw ZHTETEECH m, —REITh O(m), Mt
FFH O(NyN,(m + Cuiec(m)))« LI F ] — 1 A 538 SORIEL/INB R g, {ELYESR
G RE A R 2 TA0 ,  E422  F —  l F R R

8 HE=: 2REEMNBENZSRIEE
8.1 H—RHE B SERRE

R (1) WOHFIRHEI, otk BATRAE &R SRR 205 T B MUBRIRER T, BH
ST E LB T = T/N ;. FREFIGUCGEREIERE E 5 s Bk, Wil
SRR R EARSUE , AECEMFURGE : PSRBT Al i, BB
2 T, T IR

BT IR ZSHE AN BRI T 5 © 5 CETE IR B 15 /8 direction
5% near B FUEFAE . JUMIE P B RE T TSI, SRR A RS BN B3
Bo JCURSIE LA T o B S AT . SR B LK TEAS B BB o

13



82 +tEE=BIMETIER

EL S ey

km

S(a):{(0,0)}U{a (cos%”,sin§> :k;:O,...,5}. (19)

i 4 (L AEARER). %40 <a/V3<RE, ER g € Q BB, R I IEE A

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

ER. B g BRI N v, HO LS BRI M AN 7/6. #5 r < a/V3, BEBUR S
BIWfo #r > a/V3, BRTXEH, WESEASIF A r 4+ o® — V3are B ZIK
RTE [a/V3, R] FHIBRAKME TS BS, 4500 o®/3 5 R* 4+ o® — V3aR. O

S HT bayes SEBGHL o = 1159.7m, 7 (20) £5 Deoy = 984.539136 m, Lhip/ Nzl 2k
BN 15.461 m. FLAEA 24 1 TR AFE— T bl . AU TE- L 2 I T
5, WU BGEIGE N TEIR I TR RS . B R RAC DU R BGET RG], B RO
AT ORI ARGE -

500 [

-500
-1000

-1500 [

-2000

-2000 -1500 -1000 -500 O 500 1000 1500 2000
x/m

B 6 LrEAeMESEWNE. WANARESH o = 1159.7m, [FE N 1000 m 8, HELHMT
(0, —1825) FffiE, HIFFEE < 984.539 m,

REOQ [ 1000miEKE o EaMm O =mEA|

MDA JEE 55 T 75 A Bt 4 T BT T B 2 KA 6, (HSEBRIE B AL 3 hL 5 1H R
i, ARERF 6a/5 BAFAEST BAEIT . P sk 49 miii% 5 R12 1200 m B R LR g4
PR B FEABG TR IR . ASSORGI I EAIE B @55 P B TERERC Y . DLORSS SER A ok
“AE_‘J:JIO
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8.3 IEHMMAINERIERT

BRI ELET " IML PO, direction ¥HEESE S B(s, 1500) 4MIIZ i &
M) f A RS ; near 5 B(s,5) AMIZBIEAAS . £ MK no_signal HIKE

lg — sl > rer > 1000, 1)

FCHERR [ S > i Ry, B R A B AEATER ORI R &, 0 5 — & AR SR A
8 G AbHE

PRI A £ = 14.65 m, G IO SRR R ITRRIERS R ¢ = 0/V2. BIIRIRE BT
AATRELS Q ARSSHAS, LU S HERR A AT O 2

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

J7 I B AMEE R 7 d = ||z — || > e, VRFTEM S HE R J5 hifls 25 7l i arcsin(e, /d)
RS S RTEOR SR BE B N Aa RS, IR DN R BRI ASETT LA o A A I err
T P AR A SIS A IR -

TE PR HER AT, BT ER A S A AN ER o [N S22 4 25 AT e B
GHIEANFAER . & FREFAOIGIAL (|2 — sl > 1500 + 65, WYE s WELTES
BT A £ O ER/NMEI R B AN, O IASRE R BE— D HERR . 7Bkt IEAEK A Hrid

RAEWTRYE . XS T o CATCAE B BUE X E A SO D AT ] o
8.4 FERBmIESSHERIED

e 5% 2 TR & eI L2 )5 % BRIA BayesLoop SR SE47 s _LIOMS
BVEIr e ARARMER PRI BE, FFHIN5S 2 a7 A R AR To&e 4
HEIHERIAS e /INBIR A AR R IR YT B W 2 5%, B dEr ARy Bg
B 2 BHCORIE . Xk ¢ THEA

_ o 198 (g Y lp—all | llg =mell

Hep A =0.05, 250 S HIER/MERRN . BUNKEBEEAFELBIERE RO fE Bllas . 7
Bl I FR A g B T 7 AR B GEA T o PP R ZS B 800 AN FAEA K T MR R, FFLAEYS)
rerr € [1000, 1500] Al THEEMMERR o X BLAY DU AR B B 73 S IIA RS, 462 ]
T EMETTSEH T HORE 5 AT

AP E e R i S A, AR LR PP A . (R AR B T BRI

e+ be + 0.5 < 20, (24)
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Heb, > 0 AREH R RE. LW2HBASCIMIEIR, po Z%LBREZATEH
FLERERS b B EAICIKITRUAE A M IE R PE R BRI 5 SO IU(E AR BE 5K,
A

Parid + €5+ 0.5 < 20 (25)

AIRIARIE S . H paia AEAAHE OB BN BRI T R AT R G B .
IEBHARER, DREELO YR E PR A, N2 p+ A NEEIES AR, BEk
A=A AER AL

8.5 FMKELERNRINESHF

GRS REE RS At RN, BRI EMNE. SRR
TR il ARG I (8 S (P 0l AL 224 A 9 A b BRI B — A . W45 P8 s
He AR

k—1 k
cmzm%ﬂ+ZML§ﬂ+z%@m (26)
p= =

Frp RS I ] ¢, ARAE AT S5 I B, T BR AR EHE . IBGEBHIFITG, MR
IR Z AT 4 FETTIRBR AR 2-opt B0HE s BRHBIT Y BT AI I E 4RSS . A EIHLIN 5
WA SRR o XAEHT A BUR I W4 5 A0 175 B A R L IE TG Y5 A5 8 B % I e 2
Lo MHTAE R HIESS P sl S Bt E BN IR T 2%, BRI AKX T e D RE 'S
BRI SR AR BE A 1 RE DR T o

CAFSEALE AT LU AN ORI ROREZAL B BERSORIERGE . MGG FRIE
P, BB SN — WL RAT SR IR B ], Wi as ok B i s oh
Fodlo [R] M 1] PR 22 [ 5, S S 5 L B AS R 24 A ST AR AR P4 o

8.6 BEE=5%mEMH

Bk 3. b MRS SIRSIAE (XA algo-3)

BN BB BRI SERIEED . i BSUEAPRS S STES T

LK -E R T B 5, WAL IUEARAS . B SR IKASR RS = 74 o

2. ENRRIBCRAE. E R FIRILHE, RN TAE BRI R,

3. MRS EAIATEERES: Bl BEREIIERATE (5 B B Il o

4. HEEOE AR S TR 2-opt HEFF . $UTEALS . BT BEENIUERE .

5. & MBUBBRES . ZAREER: RIS S, AN B E AR 56 Ao

6. & TR 16 N, s M BUEY C R TS G, MR H . SN ES R 2 HUEA

B ISR R R A A DR AT

“THEREORE] 167 BECR B TR BDETERR 10 4N REBERE TR, RRETER
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SERGIEH o SMERCAAFER 16 NMAFBUE, o] 12 R AR MIE, (HE R B
ARAG BRI LI AR BN FE o

BRIEIIORFE R L, TERRE R BRI ER LS, P 398 A SR IEAEA BRI
HNSERATRENL. METEAEIB A RCE R ERR 8 45l thill 5 SimisFeL
I I AN SR R 58 Ao FR P LARE F1OR [l (U BLSE U O, PR B S TR], SERndt i 7
BBBAPRE LRI, B SLs TRBS R B R FERS

8.7 IiB{TIHIERGI

B 7 i — R4z 1 52k (5445 BBMO-HZG2-77N5-NKKC, 10 ANMJE): 72 B AH sl
KR 16 B2 S C I BRBNE , A _EJ7 AR, T O e UL I b e - T R
Zlo SR RN EMNE S ERERESHAERERER . DL I i A& 5t )
HmERHE Y Q AR W RES: ERTHEEE, SHALERES.

= Eg: t/s
1500 fenter BEISIE 0
1000 /measure ch1(0,0) 5
500 /measure ch2 (0,0) 1
/measure ch3 (0,0) 17

- 0
/measure ch4 (0,0) 23

-500
/measure ch5 (0,0) 29
-1000 /measure ché (0,0) 35
-1500 /measure ch7 (0,0) 41
/measure ch8 (0,0) 47

-1000 0 1000
x/m /measure ch9 (0,0) 53
[—— s BNTEE o CEkms]
| ‘ | ‘ ‘ ‘ | | ‘ ‘ |
0 500 1000 1500 2000 2500 3000

ERHARSE t/ s

B 7 4miiiEEg)s (BBMO-HZG2-77N5-NKKC) HBfT M. Z%m A, JEERMRicF.

— AN AR M no_signal. BIILTERI 224N, 1

9

BN BERNERESESFE&FR

9.1 EEMMEERGRESENX
BOEMIRALT g, FAEA ¢ FERIAL ¢ W WA B4

(¢ —9)-u¥) =0 (27)

5@ F ] WA . v W H IR B AL 5 m B IR Bl near, R[] direction; T

g — gl < 7efr

HBEORIERE B A5, ANl

PRIUEE [ PR AT Do 2 CAIIZSE AL IR HL G AL T M BE R 2, I Y TS 55 T
DA S B o 8 222 4 28 i LA 20 ) B (O B P A O o
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el = B ERAL T IR RN B X AL T R H R AN IR, Al T REAL
THAE EEFE . B RSE R AL, WA R E L IER. EHTIRE RN
S S L

VgeQ, Vipel0,2n), Is€ S |ls—g| <1000, (s—g)-u(®)>0. (28)
PRI XD B @ RS 2 SR
9.2 FEigELEIE: WAGESIENR
B Sy = {(700i,7005) : 4,5 = =3,..., 3} HMKTHAE Q. BMEEERL AL
K 700 m PR G I o
i S (7% DU A B4 5E 1108 55). Sao TR (28), X4 i) 55 AL TR 1) A 5E 16 YRS PRAIE & B o

ERA. BeAE g RE I A R v, .. vae DUAIEE g BB XA 2R 700v/2 < 1000, B
T g ZRMEARNHE, HFEN >0 D =14 Ni(v; — g) = 0o XHEREI M w BN
L, D Ao —g) - u =0, BAATRENUAN AL (vi —g) - u < 05 ZD—MALTH
e P 2T, LIRS R B R A O

TIE B0 230 (5] A58 P 0 PO B S5 T AL MR O, (S0 B S P A e R 630 AN REHE
HE B w5 X — 7 S840 IS S A A% L BRI, AT B %
93 31 RBHEAESITNREERER

M directional LR A g4 _mincover_v2 P1Rl. FEBLLELLYS S s; AIEHHE
FRIRZS (96, i) b X R R

Aij - 1{”‘9] - gz” S Tdesigm (Sj - gz) : U(@Z)Z) 2 ||5j - gz” Sin/Ydesign}' (29)
i 15 i 128 T 5 B B S R
min Yz, > Az >1 (i),  z € {01} (30)
J J

H A A PO 55 A MRS R, R ESE BNAHER (6], HIRA%
31 s R /D REUIE I . BTEBY Bl A 965 m BEES S 5° mi AR, R4k 15
m (& BB 72 ANEIACREEE A% . THRISCARIE R 3256 200 AN EEE bR FARE T BR,
IR EEESZ) 990.051 mo IR BNIA B A BT, B TRl 5L RS

IR Bk A BE H AT A (28) WS E T 91 00 35 A 2 S o o7 B 3 i o7
B e, SLPREA I RS A o, JEIRIE WAES FEREEALE N do H=A
PNER IR R ERR, —H R FM0h

d + ¢ < 1000, (s — gi) - u(vp;) > € + 2dsin(a/2). (31)

18



2500
2000 [ . B +90° (FAEFRAE)
1500
1000

500 e

y/m
o

-500 -

.
| EEEEZ 1000m
.

-1000 -

-1500 -

-2000 -

-2500 ¢

-2000 -1000 0 1000 2000
x/m

REQ o 31 AmlahE|

|
El 8 31 s/ ERIU oA () S5 mIEREHAEEY ). WEBERIscH:, $9
VEEALT Q 2240, T A A BT AR s B ORI AN ) T S 7 T b e
T SRR B0 I B D 7 2 AR Q. AR L. XFT 15 m AR A B AL EAR R 15/v/2,
990.051 + 15/+/2 & 1000.658 m, T HEE R RAIEBRIRTAAREX N 0°, R
W E— s 4. FIAR SO 31 S BERBNES MM IIER TR,
WA o SR A 7 TR IIE o 75 B A BUARIE I Al 8 EL LB 49 % Yl )E i)
B LRI MR, ASREIEHBE A IEX STt
94 (ESHREBESIERENRTEMR

X AR, TEALE PSR O 2 i H = 24 ANgAmRY, #4580 15°.
A M, AR PT RER M D . 7 ) 5 U B B U I S RE W L B2 R, PR B 1T RE A ma A ]
BB TSR ATEEAE AT 1000 m ARIEREICER N . A BT MR SR AT DL BH I

it B = bearing(z — s)s Ay = 7.5%, BN OLREN ., EREANRE N Ny = 1.5%
DL d, B /N ZE, PRSFIRBE SRR

WEMI: do(Yr, B) < 90° + Ay + 1y + s,
BT do(h, B) > 90° — Ay — 1y — v

B ATR S SRR T REA A WLAIARY , HERREEARYLASRTT W, FEABRIRERI N T A T
) ERASTT W o AR ORI St e AN DL AT BEAT AL, WA T IS 38T . 1
SE AR AR EFAET . X — RSP AS R B IR AL E S W A%

AR AN R . RBERNE;, A T8N A

(32)

He =HI™ U HEE, (33)

G R A 1) 5 R T AR o AT AT RE A EL A [ 205 T MM T AN A
RS 2R E FRBOA S A RIRE 2 RO E . 2 AR FEE KIEW
e VRS R [R5 4, IR Ll joint _empty ARICTLIRAY S 32, B HMA4E S (33)
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M7 3. Hit, RBORMIAREILZ 2 SCY /R AR SR IERT o CAR IR A 1k I
A WG TR BRI RL 77 I L BN S A8 e X — RSB 58 A 5. Al E
AR IERZHHER

9.5 WRMEGGIESRRIER

HRE B i I ST R HE P IR Rl RMBHE ¢, DS iR AR R4y HE BE B A

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

2§ prob_detect ¥ A UL EH [ 5 A5 ) AE 5 5 AR AR RS 4L 24, T w, Jo XL EAEAEEY
o HTRFaEs R RS, B ks R Ry ok, BRI — (L il kbR
43, ASNERERE A HET B B 5L I gk AL
BRI TR FE A 2 45 AU ZEAT A SRR RO X ER S, BLI 0.5p, p, 1.5p 242
RN AR HERRCHERPES S5, IRETE AR Y mT R R ME 70% A, IF
PG EE
lp—all | llg—mll

6 35
5 T 5 T (35)

/N o HEL 6 AT IANBA N 1 I ST, S AT LB TR U
SeES S IS R, PR B S R SRR RS . e AT I, R 2. 0
AR AR e VETFE o A R A EERA B BUA B se T - e P mT 2 T 38 HL
SR RSN, W] DL IREL B HRIY) A, I TR S A TR

9.6 BREREEEREME

BB RCE AR E 8 K, BUESLERIIR AR E] 4 AIARBGERRIES . xR
SPIVEIE 2 SR 20 m TR . RE T A 2B INE T, JERIARO
Ve G S iBER R HENAT— S B4R O B R T 2

lg — 2| < 10v2 < 20. (36)
KRS EE K, HBERFREELS DY, BIEERLAE —REREE 20m . #%
TSR 1), B T B Lk 3 A ) A R o
LAMIMETE . Bk w, b, PRSFREE LSRR
B = (| 55] +2) ( [%w + 2) . (37)
%ﬁﬁ*%%ﬁ@ilzﬁy‘j 400 5 Iﬂi?ﬁ%%%% Ncell tRTT,95 + treserve ° ﬁﬁ*ﬁﬁﬁ?ﬁ%iﬁﬁﬂﬂ@ﬁ
IR G ARAR D AR B A SO (7 B I S IR B . WUE & e & Rk Ay
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HE SOV HRUER T IAEEEIS, RS I &Aoo REAEA FRIN 18] P
T
9.7 HiZM5%EHER

Bk 4 RS LIRS S AR & R algo-4)
N REAEED, EESITREHE. il CERIUE. RFRPUE. IR
Lom#saaittls BN 31 LA M PRRIIE, 49 Rl A ELHEH .
2. GEFREOSTEREINGG . HETEI G, SRR AT IE .
3. BUFTOACEMGGE ORI RS R T AT DL o
4. RGO B FE A I 55 LA BUBE : IS TG RR . 75 MILREEIR Ko
5. JEHEUE AT R ARG B, ARVFIT 20 m TR IS T ER .
6. B TS5 A AR AEBIORAFDRAFE : FEZIAR H IR T PR AR S AR AR o BRI P OB i 4 AR 3
FRBT R S AR N TS 2T IE R o
PSP A R BT IO R R IR P =
MG (5 B S K. HIRTMIRA TR IER . R ML R, A
A AT A R SR 2 S T SO S LA E 25 SR A
AR S TS, ATHERA A& P9 A5 30 2 A AR 38 00 TE SR M EL AT 9

&b
HE o

9.8 BEBITIHIERAI

E 9 Bl — /& e JRAY 2k (241 GHSN-M38E-74GD-YLUD) : ZEEIYES I #5:
N ESEEREZ AN, WS ERRR TR (£90°, REBOLIRR rex) . &
SLTT I BN ) . PR R FE VS FE R AR Z N H AL T3 o) e T T TS A5 5 AU A I A
X (27) W R] DL S, PR B 35X — ff PR IE 2 n) R Y 5 ) J = YE (e e 9T B IX s %
JRFAEAT NIER RS

10 EHERNMIRE RS E 9 HE

10.1  EHBIESE R XM K RS

AT LIGFHEA TR BR B B 7 L 48 Jammers-simulator-full/test | PUNIERX T
W, M=, WEAFEXTFS 1. 2, X2 REG gD W5 R LR AT #AE
AR project/results HHY H @ PEMECHE . WA DI B i 2 2 ) 24 4 1E KA ;
H Z R X P S 2R R 643 BITESS 11 R4 R s 17 ik R s ) b Bl bRy, 2845
PEAE IS

1ES . jlog MinE T M HE, AFFLIEEE S IEXTFS . ZH)HWE5 BIEET .
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8000 e o t/s
fenter BRI&iE 0

2000
/measure ch1 (0,0) 5
1000 /measure ch2 (0,0) 1
3 0 /measure ch3 (0,0) 17
> /measure ch4 (0,0) 23
-1000 /measure ch5 (0,0) 29
/measure ch6 (0,0) 35

-2000
/measure ch7 (0,0) 41
-3000 /measure ¢ch8 (0,0) 47

-2000 0 2000

x/m /measure ch9 (0,0) 53

WNTAE [ EERAREE 190°) o EAMRTE|

TR

0 1000 2000 3000

- BaEnin

4000 5000
RRTE t/ s

6000 7000 8000

K9 &€ )R (GHSN-M38E-74GD-YLUD) HIZfT I, 4R A8 A < I P Y i 1) m] L X o
BRG], JEERMAIE .

H BN HAT AN BE LA 548 JSON BB ASAZ LT X R OB 7 4e 7t [7]:

(1) X test HEAIAFIH5E# SHA-256, 54L& J54A behavior-logs H [A] 443
(RSN A0

(2) Fi5[A4 .result.json MG LA TBAZX, WA —F: #MSCrER
EF W PG SR, A S VEREREAR o

(3)  XFATF ARG ZE 5 T 355 SHA-256, A DL ACE 77 IEAGE 4030 % i
o Bt LT T R ST AU X YA i i 60 Y BC S HR AR o

(4) FHEARARE, REZRG. GRa. HEERBEGH: ASHINS. &E
B BRI R

DLl B UG TR RRAL . CRese il AL TERRRINE el E PP R izt T
ZE . WUFTY R user_exit, fRACIRAN confirmed. FiEFATIEY, EERENR
GETHRSRAIIN, BB 2HERITT

NFFGEIEATBE. 2m5EmERE. Bidis, Wika SR TFHRRA K&
S Ao FILSET TN P B AL AT B8 BOERMR I Z MR, A
W 3X VU J5) FIAE 24 5 S8 FCRHF R DLUR I TRk BB 7 R R AREESER, s
RO LM I B EER K.
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F 4 FRZIERMERGER (RHRBAAL: s, SPAgITRIEAL : s/4>)

Wik W B TS TR FRENLTERRIN TR F2FPist T i )
ik 1 9HU7-UWJR-BPTR-VYAT 13 238.075 5.596
MR 2 7TCG-C9EC-53VF-HZ5H 15 232.889 3.024

Mk 3 AR fiex - - -

102 EB=EFERER

WU IE SIS IE S 5 B 28 AN, PRI ] 235 0 238.075 55 232.889 s/4~, TP
BT E] 735 A 5.596 5 3.024 5o DLW =) i FR S BOAAUEE #Y & AR 1)

_ 4. 493.33514
T 3094.978068 + 3493.335140 _ 235,207 s/~ (38)
P 13+ 15

SV S R TS I ) T B SRS, 0 235.482 s, BRI . A SC4h
RERFEERE R ERMABSERE T, TR RS 13, 15 3510
REVEHL, WARESRIL SR R -

103 [EBIOERER

5 PEYIERNEASE R (RRAAL: s, FIYRREALL: s/4Y)

15 W[ v Y 712 Y 2 THEREC PYYELERI R FE T A
Mk 1 VQUM-ETQ5-74PP-ZQ3J 13 720.171 7.668
M3k 2 BK5T-TRWZ-BPR2-ECAV 10 927.130 5.724

Mk 3 Reefiticsx - - _

PRI E R TE R 23 MR, P 720.171 5 927.130 s/, & FF 4IRS )

& 9362.225736 + 9271.302080
13+ 10

P SR AT Y4 ) Ay 823.651 /4o 4 — JRp i ALY ) g /)N, AHERRE T 13 4554 10, fifi%g
DRI BB, 100 IR LA SR A (R IS R 5 40 - Bk IRRBVH R AT, ARE
i T R S T Y58 ) B T A 2 i 1 Y

P 0] & kD88 =R IE RIS, AR B RAT BAKME RG] A EX B AR
R ORISR BT e P48 e BEERTEE N, A 28 i) B 7 Bk
&l

104 ERFENOTSESRE
B 7 UL 1] DUBE R PR AT K3 (1) EEHE, B st BT AL B ]

Twove =T — 5Ny — Ny — BN — 3N (40)

T4,pooled = = 810.153 S//l\ (39)
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6 Q3-1 FR M =4 —RIEX IR, HAl G5 B S RiEERRINEI %, (HiX
— L IRIRIA RIS BRE R, AREMEHBA IR B TR A 5 iz -
# 6 MIERRTHGETE SR SRR )%

) R B RIWOERR SRR/ FEh s BEhhite

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

ot I o
o I >

o1 I S -
o+ I S

0 2000 4000 6000 8000 10000 s

- 3 e - kR

3094978  2408.978 77.84%
3493.335 2725335 78.02%
9362226  7277.226  T77.73%

0
0
0
0 9271302  7101.302  76.59%

B 10 PUUIES MR R T BEAUFERS o B SIS i TR R E 5 SV o0k AR IR S At o

11 427 —iek FA2gs i — R E G0 R A 8 B shiEF 5, i
A R L TR], R B ERE Ry 5 Y TERRE BeR DA REIRERTT .
AT (1) B97 BE R — R R e R B, KAk B sk, AREAIER
Gttt

3500

T
B
I BRENE
[— )

3000 [~

2500 [~

RIS
g B

20 40

80 100 120

60
EEFS

B 11 —J@4mi#Eg: (BBMO-HZG2-77N5-NKKC, 10 ANR) MR TH BT BI#4 . 12 R sl 1~
TENIER MRS R

PR T B LI 76.59% % 78.02%. iX—ALES AT, W3
%%ﬁuﬁlﬁ\ﬁﬂjégigﬁﬁ 5 *ﬁ?ﬂﬂ'—?ﬁﬁmﬁﬁﬂﬂif]\%%ﬁ%o EH Leq = 5Tmove 1%';[]_1:”%’
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SERIE R 200 12.045, 13.627. 36.386+ 35.507 kmo ‘EATI I ©RALHIFL Bl 8] )L HE
AL PIAT AR BE

LB S H B R Z L 0.5 (D, W) Leg 5ARBALIEE I Z AT 2.5
107Ny + NS+ NO)m, I/NFARRKRRREEE . A PR E T BB A5
e R B =A0ANE, B e N RIS TR] PR LA R 1R 22

10.5 MIEIEREEBFE SIS

BA IR T ARSI WRHEHAFF TR, R ERR T 8E ok 51,
EERRMOTHONZE, BB ST T 3.024 5 7.668 s. [l PU A M4 5 6 4% Sl )
YR 2 TAMRB =201, 5% A WAL RN R BIME R IR H& )R
AR FEARAR, AREKZRMRN I — BRI ok

FHERRMEG 2RI A FT5bR. BT IERICRARSTFEREE, AT
) EALREIE. EEXE . AR IR B AR . AR SR e A TE T
Y IE S SRR B I, TR ] —SE TR MK L4 b . R 0 EA 45
RE Lo

11 HEXNEESER: S5 EZ%
11.1 XLEAZRSEMEHE

AT B FE N R BCO 0 EEHESE project/, FHT- I bk JUAT 14 5 PA PR %
FHRTAN R ML SO EE R B 55 10 TG ET EX R 20, HREFAE
It AAEM. HERE=EFAA: BRI EREE N src/mem26b 1 B K E 10 A A2 = 4R
5, R N G R, B2 SR T AN B AR MO FUE X IR, AR R
LR RS IR . WAL 2H 5ok IEsR, FIT AR kRS M=, YEN A2 E
WPEIAL BT, BEITEROMERE—iER SR AR FEESETENPL—0, g
Ui R R, FETE RS B IRA DAL E . — RA SO R R T B iR
A IEH Jexit. EREHEYTHNE T, B HTR, KBRS TEHFREF
J AN R, R HIE. PSR KRE. RALEISA) . R E R E %
IR T BN, SHIFARME, RTEE R MR & ITERHEN 1T M.

F T PRI DRSS o B RO TR R AT, BN RS H
i) H B R ZE XA BN IR, AR A R I OO 48 AR At e . AT 24 ] scripts/
build_paper_support.py M project/results/*.json 2%, IE X HERYIASTIS,

112 @[#@—: BERS5E=HE
# 8 WRFELRIRZ W R IR AT Ty 2 AEE (BN BE - & DU 556 BB S ) 6 AR 22 4R
BXMER, K 40 m WEHTZATH 50 m, EEIRERICEBEH L Om; BHE
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#7 MRS ELRNZ RS (3 EEE)

i AZOIERR s S
L2112 (= 2 et sz BB

1 HREPHYaRIE /5 5 e 0.000 m / 100.0% 4.583 m/52.5%

2 RIEEMCE / BN R RIS E 100.0%/73.890m  100.0% / 340.747 m

3 RPN 100.0% /3188.734s  100.0% / 14935.659 s

4 EFER/ BERAEE 100.0% /0 77.0% / 24

#8 B ERINERSEEAE (B m, AD NHXSHMIIRE)

Ry D %% Dt D% |AD|RE& HEZH HEERiL BEEL
ZRHER 26.986 26.986 21213 5.773 R & 2
B 4 40.000  40.000  50.000 10.000 Fh R o
VT LA ] A5 - - - - - - -
TR ERIZE B 100.000 100.000  0.000  100.000 = B o
AL - - - - - - -

O AL ESENR (BARIRZERAL: m, FERFALL: ms)

AR/ Tk RSHAE HERTPHIRE HRERKRZE BEHAE PR

B (FE s f) 100.0% 0.000 0.000  100.0% 0.064
it (FEHL40 6])  100.0% 0.000 0.000  100.0% 0.086
B (FHE S5 F) 80.0% 7.886 10.000 33.3% 14.202
& (BEPL40 f)  100.0% 4.583 14.599 52.5% 15.933

HE B o mREERRERBEZRT AL, TRMEREE SV EAER.
TE 5 AN E R b, BERRPIRS A E R R 80.0%, P EAIRE 7.886 m, HKiR
7210.000 m, 7 35 H]E MR FRAL 33.3%; 7E 40 MREHLAS 34 FARZS )@ FF] 100.0%,
P EAIRZEN R 4.583 m, FRKiRZE 14.599 m, 7 55w HERZE 52.5%. ML
5 S RTE 2T AEA ERRES. ERSEEAE G PR 0.086 5 15.933
ms (FEMLEE]) , HEBRRS BRI LTIF R DTSR AR AT
11.3 [EfEZ: TN SERE

10 BB AL E YORIE BEAR R, 1 IR B P AR 681.467 m. 2
H 1000 m fRFELr SR, AL, RIERIEN 0.0%: FHIEALT M ilix
SR A MR TS S, RN G IME 80.111 m BIEESMEAR AR, FSH
IR HER . R RO IEELERIL (100.0%) , [EARBIMEE MILLL, BIFEH
BYEATH 340.747 m, ZELE 0.500, JUGZE—F. BRIAGE AR TEIRIERR T BUS IR
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# 10 [\ R T EAE 30 ANBEVLE UOR I EEAG ERTEE CRER SRR m, FEBE [E] AL
s)

ik PRIEZICR RIREIIE i Paylcds &Ekk BahE
B2 (BRI ) 100.0% 73.890  90.899  607.577  0.104  170.44
S% SN PR 100.0% 75.627 91.349  605.841  0.106  170.28
B4R: FEE 1000 m 0.0% 80.111  90.775  601.356  0.116  200.00
B Rk RO 100.0% 340.747 375.088  340.721  0.500 13629

JE I YAME 73.890 m. A&AELL 0.104, SEREBBELN 9 x 9 PSR 2% /% (75.627 m)
MZEL 2.3%, PiHH 37 MM © 30T 1% B AR R T B ARSIt . X B AR 5 56 A2
NG ML 22 S TE W RAETEAR . AR IELLAR IR R B4 R B3 “ORIEEE — T 224
TN T

114 [PE=: £EAF

F AL = EFOTETE 18 MRS R ERILE (R s, IS 8L km)

Tk AR &ER BURRA T¥HEs  TwHfis  TiRs BN filkm  J5&HR
bayes (ERIAHEHE)  18/18  100.0% 0 3188.734  3111.256  3663.707 111.1  12.338 0.0
seven (b i)  18/18 100.0% 0 5361.707 5367.455 6462351 1008  23.508 0.0
grid (49 &%) 18/18  100.0% 0 14935659 15275.057 16691.406 430.6  61.550 0.0

SPOTRTE 18 MRS R (4 104 13, 16, F 7 HIESRAL) B2l
T, BUEIRAOAE, 0 ATERE]: ERIA bayes P14 3188.734 s, L& seven
5361.707s, 49 Mk grid 14935.659 s, i Aix}, bayes AN} grid A~F14 LI ]
I 78.4%. WL NP 80.0%, ¥ 18/18 5 LB, seven #X} grid T 63.7%. 43
Wb, BRAGREEEE I 111.111 k. Hif% 12.338 km, AR IELTFEE 430.556 KA. 61.550
km %% ; BRTELITAIILE 1.6 s LI (BRIASKEE 0.767 s), A RIS, & J7 & H i
Mg s RIERIL, s/, (B QI ERMFE ST, MBL BRI P E.
A ZE M ENA R BRI, MEEGIEASEENEENASAB T 2085
i o
1.5 [E@m: BRERAR

11 M7 EUH core 5 boundary F4H., boundary 4 ¥R B IR0 A& 5 A0 5L 8 H) R
JB B AR T directional 7& 11/11 J& E&¥ARL, 2iE% 100.0%, “FIE&HEF
24.818 K, X MR B0 E L5 o LRI = 1) bayes B I 2 1E #FE 2] 77.0%,
FEH IR 24 YRBRRE R A - i 4 1) Bl E B RSN & 5 B a1 IR A A ETE . e A
F4H (3890.801s), {HAEIE AN grid B 49 sS85 X E MR A BLE &, 2R 66.6%.
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F 12 N ERITETE 1140 EREE (RFRBEAL: s, A HfL: km)

itk AR &ER GUERA TYEs  THfds TwEKs Bl Aikn J&#ER
directional (ERIASEME)  11/11 100.0% 0 9069.871  8803.261 12081.148 355.6  34.268 24.8
grid (FIE=H) 0/11  66.6% 0 18179.173 18345.164 20457.858 573.7  73.876 0.0
bayes ([ & =5k ) 011 77.0% 24 3890.801 3646.178 5054.382 132.0 15319 0.0

PG RU E] 18179.173 s, HNRA MM S 545k, Efsi i A e A’
R, 0/11 EmEd F R E . directional 14 9069.871 s, Lk bayes J& 142.9%, fif
% 34.268 km X 15.319 km; FHTIEEE 11 RETRTER, X — B A BRIA SRS 27
HOIESE . FEE )P bR e RIEAD . FRELECTR S o

11.6 FEEEEWHEILEE5HR

PULH S PLBE SRR A A8 - Rl — iR 250k B ARBLE B, SCADRS B TR0 5 o
AN UGS T = 2R R i e pRIE S i 22, U — #3810 1Y)
He—F Befa: M =R =R AR AT SO SRS 5ok 5 B g 450k 5 R EhHE
PR e A S s R A 2R IE AR . SR 2 SR IE R M PRTTER”, PR
L 5 T AN 2 5 8 3 R D A T A 4

WARAK . BV A WRRS, R8 WS T W project/results/
*. json, ANBEPRULHEWTE 7 MM 2040 . FEECARAEEAN : RIEELG . LrftE S W%
B AR RE ST BB AE R A I R AR BB BRI A R SRR
JE 5 )Y B AT DR P R R A A R, AR BRI E SRR . AR TR
5565 10 TR Gt AR, PRS- AN o] AR

12 H#EESLH ST
12.1 #HEHENESHS

AR BIGLFR A EA A R ZE A A 5l — 2. A — A AR
LG EARBCAES HAT EA U 5, S ML BB B SURE B A e i L BE 1
TG PRAYBE B AR o DR — B0 e A e oA T BN 5 S ol e 0 T, SRl i KA &
AT B ) B AR

X R, bt Al Bul RS T A SRR I . BB S PR HE
BRI A BRI . RS HE PR A2 3l A SR i PR ACFESE — il H o
TALE, REMSAEHILINE R S5 RAL S RF . W E I, 7S A B A Rk Dk
PRBEEE 5w TEER I8 A 3 1 T O Y BE B AN L 36 6 T0 PR B AT TR LR U

SRaH g 73N S WY R VASE S 1IPO P VA SE N L1 NI B 2 9808
EEFEE [F) — AR . B FRESERIE R SEM AIARTE , T AR A A E

28



HIIESE B -
122 RFRESHEH A

F—, BRRERSHERRARRRIUME. 5 2 i WL SRS R e H gy
HRAEELEL, 5 RIGARTE0 B B30 SO H A A AR AR A . 2-opt bk 24 i A FR
E5 3, ARG BRAES VE. Jagen] HIX 8] 7 32 5E 50 a B P LR E 5
FAER —H T EE Y5 EHBAESS R, ARERAREIL S s R il

B, 31 R RIR A B IR . HEIEFE R MR A A R B A S 5 — &
BHEIRORIE. AR AASGIERIR 49 534, s G1) FREHI0 & M-S ok
B, BT IERBESARIE . A A T A TR Z S EE, REA 5
HpES VN

B=, REFBT A ol 2 & SR ZOBCR o AL 1A 5 012k Tk i 42 1) D
M MFEN SO 05 B =ANAR R 120° BRI s vT [l I lie 2 i 55, 20
B[R] IS T A R I [6) P T A o T 7 SR B A PR T sl (SR 9 o AT
WRHER . A IEMLIN R AUE AT PR 5 16 i 32 o 25 T 228

SE0U, A FRTE R R S st . RIS BB 5 750 BB R R IE B IERR, (5]
RE LR FRRERHERS . i DX et K Bl 4% 53 T ASREAE TS A 45 3R o S LA B I
400 1 _ERRIE TR IRAIR, NI S &ML 7o SRIBCIRZS LA 25 {7 B BAR AR
PUIRGE , ASRE B P IE R B M AREST B

B, IERHEARMAERE . W& P A DB S A A S A S I8
FAERBURRAE 2 IE R TGRS, B =RIER IR W HoARTR . AR 8 R G
G Rl SIS (] 23 AN AP RE

SN, BT B B B v . 2R 11 TR R -5 BN} HLas A T 7E PN A7 18 R U
PLE, JROLEISS. IREGE RS A 2 W e, BmFFRIE: HREAR,
FLAET D IR FEA R L TTEE U IR AT ER AR — 4, 10 A T A ek
FP. WARES BT IERGE T HA RS

123 S MEERTHE

TEARTINBAMG BB RTR T, EESBAE T N AKX H ald) =
1500/(2cos &) 13 a'(6) = T50secdtand (6 LAIIREEH) o IRZMGRSMEFRGHE LK. &2
ARG R G/ e 3 UL PIAL N = N R BN IR B A BB RN, {EFE 58 0 A 5k
RS RIETVY 7 AN

A1 (20), PP g s A T 2, ATEREE AT T A RHE AR AR R .
BIANFAEE T 4) 15.461 m HYBENT RE, ASREFOFEARES TE IR 1 [BLOWC A . ISR
T/ NBERG IR € MBRALEIES . H - 4AREIRELS 2 RIEH, THES AT,
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XL R B R R, AP IE S,
124 3™

GHEZR AT T A 507 1 IR ZE R B M5 S TR S B i S+ sl et 2

BN, TR B EERHEREN AR T IR E S SR A: AR S BUE RN
ML SNBSS, WA 2 ARSI SE & SR B O B U5 3 o R IR A 1
JUES i 4e T shifp R IR st ol LR B . R SNBSS S BN E
WEH

(1]

(2]
(3]

[4]

(3]

(6]

[7]

52 3Lk

B R AR TE SR R . 2026 AF i Bk AR 4 [ R 2 AR U A IR 3E B B TR T
TRA PRI B 3 E AL HER [Z]. 2026.
TEWRCERDR}. BELl e Ul B s ARADLER B 55 2 11 5 B S SRR 15 7 [Z]. 2026.

2 E KPR AR IR T . A E R EARCE B SEIR SUR LT (2026 4R BT [Z].
2026.

WELZL E. Smallest enclosing disks (balls and ellipsoids)[C]// New Results and New Trends in Com-
puter Science. LNCS 555. Berlin: Springer, 1991: 359-370. https://doi.org/10.1007/BFb003
8202.

BOYD S, VANDENBERGHE L. Convex Optimization|M]. Cambridge: Cambridge University Press,
2004. https://web.stanford.edu/~boyd/cvxbook/.

CHVATAL V. A greedy heuristic for the set-covering problem[J]. Mathematics of Operations Research,
1979, 4(3): 233-235. https://doi.org/10.1287/moor.4.3.233.

BT LA TR EELLS. FE= WIEX T HESRES T (B 1.1.0, AAZH)
[DS]. 2026-09-12. Z& 51|24 % b SCAF G B WLRR 33 Ao
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https://doi.org/10.1007/BFb0038202
https://web.stanford.edu/~boyd/cvxbook/
https://doi.org/10.1287/moor.4.3.233

A ERHEFRS5EHIHNA

WICHES BRI B RS JE 4928 PR TRIGRR 77N, HeboE
F 2026 AEHEMTE [3]: A4y DU 2.5 cm, BLFRRAIG BRI IAELEM S . ToH 3.
PR R RIS S T2 S5 HER S % . AR AR B B R T

# 13 FrgiE s S kS e A A

ZH) RS K SHA-256

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

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

Q3-2  formal-p3-2-7TCG-C9EC-53VF-HZ5H. jlog
5d83ce87455ce22fadbcbddb60814d9b1f0be54de7bc9d0463777bad7b3922ef
Q4-1 formal-p4-1-VQUM-ETQ5-74PP-ZQ3J. jlog
9a102295d324bbfbbaeed1c6036d13ae7e08a7d7fddb60ceb8dead24e62b15d3
Q4-2  formal-p4-2-5K5T-TRWZ-BPR2-ECAV. jlog

370aac9c2c5d324dd382e57e541ef0da7c5dd4759660d9ea0cba8373celeadal

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

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

python scripts/audit_paper_formal.py

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

HSm A REFRRPRAEARE, WRFEBEEER Y, RSN ARA . BEAE
R E J7 B R P SUMSEIIE T — IR GE TR R

5 11 TR BT 6 B B scripts/build_paper_support.py M project/results/#*.json
Hel, BT EHEZEAR B4 fT uv run python -m project.run. I1ESCHEE ] scripts/
build_figure_data.py UEFGEI . scripts/matlab/run_all_figures.m H}[&, ZERKIES
He A4 DL docs/figures/manifest. jsono HoH [l AT 55 52 1B 19 o e 1 B B
VUSRS, RAT RIS S EAR, ~251EXS0t
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B XEMBSEITHIE
%14 SCPERER H KT

SAFE A R Jili
sTc/mem26b/ DL fE B RS B ATIE A S

src/mcm26b/guarantee/plans/
project/

scripts/audit_paper_formal.py

scripts/build_paper_support.

py

scripts/build_figure_data.py.

scripts/matlab/
docs/paper/data/
docs/paper/sections/
docs/paper/figures/
docs/figures/
Jammers-simulator-full/test/

support—-manifest. json

SR U TR B S BB 25 R S B S

e 5 FE AR O FUAE 2R e LR A R B 45 2R
TER SRR B4 TR Ak 5
X REE TGRS SRR,

R B 5 MATLAB Hi B A

(A B IE SRR I AT BEGE T R SR 7
I B ST

IE SR THRE I P B R B

IESCHGE (PNG) B HBE T 5 A2 pldir 4
P 48 E 7 I IEX H 2
SRR B R B S SHA-256

Python 217} 5% requests; numpy A ZENHEMK . K src A Python Bk
2J5, P[] python -m mcm26b.geometry FAT HMH— L[ 34T, B mcm26b.cli
I BT R IRNE . IEZNAR P B A e B2 S50 T B A L U AR UGESCER B
AL A SR ST IEBUE N . B1764 i TR BRI 10d BH 55 S0 4%
£f#) README . md,

C =ERFIRD

LUT #2451 SRS AR s LB AR IR K18 SO AL PIRR FP ) S B A o RS

H R D SR TERE S AT A A D REOR B JRURE s e IH 05 AR (B AN AN IR SO SR B 45 2R o o

BIRRIACOR B AR 54400 LaTeX B Lg%, OGN HAT IS IR AE. 1R

TR HIF R A BB AR BIR AL #R9 H R DRSS A AL, EASS

%ﬁﬁiﬁ%ﬁﬂ@iﬁﬁ@iﬁ%o KA L TTHER B 3% SO T AN IESCH) 30 BTRR
P

src/mcm26b/__init__.py
""imem26b: CUMCM 2026 B"JGZk B TR IR B HRIE A 3l (5 15 R R i o

1

2

3 YR (docs/BEIEAE AT 5 Lttt k). md §7 BY-LAEKIS) -

4 - config AWHSERG (BEEES TRSE, MRk
5 - protocol  PO/P1 k. JIEPHEEL. ARAEVLS HATREER i

6 - geometry P2 X4 EN. B m/MEEES P2 iEH (B%1)
7 - sim H RIS BN S H B (% )

8 - belief P3 ZHGHKIEES (BH)

9 - coverage P4 49 p{EIICFE B+ K

10 - planner P3 s / P4 &R / PS EhYE (B
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11 - evaluation HEEH 54T
12 nnn

14 __version__ = "0.2.0"

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"]

src/mcm26b/belief/__init__.py
"R FMGEEECRAS . RIESEE Koo 4EP S SEALFLRES
A (SlebriE) -

1
2
3
4 - DR ABUKEE T e b RS . PRk BESMIZATE N

5 il epzcke & e TR Al 72 il VI E A b A S O i k- B SR TR
6

7

8

9

WIEARZE, WIS B ISR ST /N SR 5 5
- direction ¥#f: K_.c C @ N W(s, 0x6_eff) N B(s, 1500), J5&LiidlHsc

FIFERZIH; 6_eff = BRI + mEES AR (RS AORE WAL/NEL,
FAALGIN £0.005° fWZE) ;

10 - no_signal 4% (P4, &ME) : FELANHRIMMZS A gk —X) & T o2&

11 LB A LB, B AR ES R RE SRR (Ps AR

12 "EIFE AALEAER A 7 25 kA (coverage.Coverageledger) #5i:

13 - near ¥ JTE 5m N, WEESIYE A B(s, B), Al EEATERRIED;

14 - /clear I JRZAS4E CLEARED: ZIUCHUiE I "4 20m PG AT IR

15 A EEMEREE 20m AL, DA EANI R E .

16 "

18 from __future__ import annotations

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

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

2 PFEEIMERE OF) o AHRRY -2100, FABENFE:
29 # FOESUR(REE S GE BT R, TR

30 _CLIP_TOL_M = le-6

31 _DEDUPE_TOL_M = le-7

32

33

34 class InconsistentBelief (RuntimeError):

35 o R AR BT S S S RSP RIS TR . SN U A AR gk s,
36

37

38 class ChannelStatus(Enum):

39 UNKNOWN = "unknown" # WA RGEE

40 DETECTED = "detected" # I #id direction/near, fHENL
41 LOCATED = "located" # R E R R <= 20, WER
2 CLEARED = '"cleared" # TEEETh

43 ABSENT = "absent" # HEIFYIAGIE (P4)

44

45

46 def circumscribed_polygon(center: Vec2, radius_m: float, sides: int) -> list[Vec2]:
47 O EAMITIE 2 BT R (AMEERE o/cos(m/n)) TS ST
48

49 WERRZE (OMERGE I E AR5y ) A r(1/cos(n/n) - 1) < r(l-cos(w/n)) - sec?,
50 PVARH (1-cos(w/n)) HAZICKEIR (BEPRSFRKR) o

51 e

52 if sides < 8:

53 raise ValueError ("4MJIZiJENE /b, ALl ZE A AT 45"

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

55 step = 2 * math.pi / sides
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56 return [(center[0] + circumradius * math.cos(step * i + step / 2),

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

59

60

61 def polygon_halfplanes(polygon: list[Vec2]) -> list[tuplel[float, float, float]]:
62 "UNCCW BT -> IMELAETIAIE (a, b, o), X arx + by <=co """
63 planes = []

64 count = len(polygon)

65 for index in range(count):

66 p, q = polygon[index], polygon[(index + 1) % count]

67 dx, dy = q[0] - p[0], q[1] - p[1]

68 norm = math.hypot(dx, dy)

69 if norm <= le-12:

70 continue

71 a, b = dy / norm, -dx / norm # CCW WA ELEAN

72 planes.append((a, b, a * p[0] + b * p[1]))

73 return planes

74

75

76 def clip_halfplane(polygon: list[Vec2], a: float, b: float, c: float,
77 tol: float = _CLIP_TOL_M) -> list[Vec2]:

78 "mnSutherland - Hodgman [hZ2 AT FizkdT, (R a - x + b-y <= ¢ + tol,
79

80 DAL RPAERBFZEHL by ENAEHIERZE, L W WE A S

81 e

82 if not polygon:

83 return []

84 output: list[Vec2] = []

85 count = len(polygon)

86 for index in range(count):

87 P, q = polygon[index], polygon[(index + 1) % count]

88 fp = a * p[0] + b *x p[1] - ¢

89 fq = a * q[0] + b * q[1] - ¢

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

91 if p_in:

92 output .append (p)

93 if p_in != q_in:

94 ratio = fp / (fp - £fq)

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

96 pl1] + ratio * (q[1] - p[11)))

97 return _dedupe (output)

98

99

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

102 for point in points:

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

104 unique.append(point)

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

107 return unique

108

109

110 class CandidateRegion:
m " SESGE BEE A R MIS AT (U oo RERHRMN 1-2 £ o
112

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

114 self.polygon = list(polygon)

115 self.slack_m = float(slack_m)  # AMIITLG| AR 210K
116 self._mec: tuple[Vec2, float] | None = None

117

118 I e e ¥ 1
119 Qclassmethod

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

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

122 if slack_m is None:

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

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

127 def initial(cls, station: Vec2, config: ProblemConfig) -> "CandidateRegion":
128 A direction JEUZEMEEE: Q@ N B(station, r_max) MIfRSFAMI, "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 W4
136 def _clip(self, a: float, b: float, c: float) -> None:

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

138 if not polygon:

139 raise InconsistentBelief (

140 U XIS T ({a: .65}, {b: .6£},{c:.6f}) BIZ: WA SILFETIE")
141 self.polygon = polygon

142 self._mec = None

143

144 def clip_disk(self, center: Vec2, radius_m: float, sides: int) -> None:
145 "R % B(center, radius) MIAMIIZMIERE GELHRZEANIK) o """
146 for a, b, ¢ in polygon_halfplanes(circumscribed_polygon(center, radius_m, sides)):
147 self._clip(a, b, c)

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

149

150 def clip_wedge(self, station: Vec2, bearing deg: float,

151 half_angle_deg: float) -> None:

152 e S £ 4, W(station, bearing+half_angle) 3R%E (P4 <90°) .
153

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

155 sin/cos HZEH, TN o

156 e

157 if not O < half_angle_deg < 90:

158 raise ValueError ("ffiifi - fiZiifE (0, 90) JE™)

159 lower = math.radians(bearing deg - half_angle_deg)

160 upper = math.radians(bearing_deg + half_angle_deg)

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

162 self._clip(math.sin(lower), -math.cos(lower),

163 math.sin(lower) * sx - math.cos(lower) * sy)

164 self._clip(-math.sin(upper), math.cos(upper),

165 -math.sin(upper) * sx + math.cos(upper) * sy)

166

167 o i)
168 def mec(self) -> tuple[Vec2, float]:

169 g NMIEE (B, 2BER) o CPREESRESE p B R

170 if self._mec is None:

171 if not self.polygon:

172 raise InconsistentBelief ("{FiL X1 Aas")

173 self._mec = smallest_enclosing_circle(self.polygon)

174 return self._mec

175

176 def witnesses(self, spacing_m: float) -> list[Vec2]:

177 CUTR S+ TR R o R AR A (RIS ) . e

178 if len(self.polygon) < 3:

179 return list(self.polygon)

180 points = list(self.polygon)

181 count = len(self.polygon)

182 for index in range(count):

183 p, q = self.polygon[index], self.polygon[(index + 1) % count]
184 length = math.dist(p, q)

185 steps = int(length // spacing_m)

186 for k in range(l, steps + 1):

187 ratio = k / (steps + 1)

188 points.append((p[0] + ratio * (q[0] - p[0]),

189 pl1] + ratio * (q[1] - p[11)))

190 return _dedupe(points, tol=1e-9)

191

192 def contains(self, point: Vec2, tol_m: float = 0.05) -> bool:

193 S RRAHERSESEA (A2 TR R SRRt o
194 if not self.polygon:

195 return False

35



196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
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
262
263
264
265

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) % len(self.polygon)]

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

< -tol_m - self.slack_m:
return False

return True

def _point_segment_distance(point: Vec2, p: Vec2, q: Vec2) -> float:
vx, vy = q[0] - p[0], ql1] - p[1]
length_sq = vx * vx + vy * vy
if length_sq <= 1le-18:
return math.dist(point, p)
t = max(0.0, min(1.0, ((point[0] - p[0]) * vx + (point[1] - p[1]) * vy) / length_sq))
return math.dist(point, (p[0] + t * vx, p[1] + t * vy))

@dataclass
class ChannelBelief:
channel: int
status: ChannelStatus = ChannelStatus.UNKNOWN
region: CandidateRegion | None = None
measurements: list = field(default_factory=list)  # Z M0 (il i)

class BeliefState:
"R 20 BRI L . FO RSO,

def __init__(self, config: ProblemConfig = ProblemConfig()):
self.config = config
self.channels = {channel: ChannelBelief (channel)
for channel in range(config.field.channel_min,
config.field.channel max + 1)}

@property
def effective_half_angle_deg(self) -> float:
CUURIBERZZLA + FAME: RS AR WAL LGN <0.008° fRFE.
return (self.config.field.bearing_error_half_deg
+ self.config.search.bearing rounding _margin_deg)

def update_measure(self, channel: int, position: Vec2, result: str,
svd_deg: float | None) -> None:
ORI A FUIRMRBIPE RSP HIR (AT,
belief = self.channels[channel]
belief .measurements.append({"position": tuple(position), "result': result,
"svd_deg": svd_degl})
if result == DIRECTION:
if svd_deg is None:
raise ValueError("direction JLALWLZHEAT svd_deg")
sides = self.config.search.polygon_sides
if belief.region is None:
belief.region = CandidateRegion.initial(position, self.config)
else:
# J54% direction [AFEFAEIEE <= r_max [Jif]
belief.region.clip_disk(position, self.config.field.r_eff_max_m, sides)
belief.region.clip_wedge(position, svd_deg, self.effective_half_angle_deg)
belief.status = ChannelStatus.DETECTED
elif result == NEAR:
sides = self.config.search.polygon_sides
if belief.region is None:
belief.region = CandidateRegion.disk(
tuple(position), self.config.field.near_radius_m, sides)
else:
belief.region.clip_disk(position, self.config.field.near_radius_m, sides)
belief.status = ChannelStatus.DETECTED
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267
268
269
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272
273
274
275
276
277
278

280
281
282
283
284

elif result == NO_SIGNAL:
# P3/P4 FLZk: NYRILINZS e (SRS IEI i SRk A )
pass

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

def candidate_set(self, channel: int) -> CandidateRegion | None:
ZAE MRS (RSFAMITER) o T direction/mear Wy None. """

return self.channels[channel].region

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

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

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

src/mcm26b/belief/joint.py

1
2
3
4
5
6
7
8
9

i ExFIReA w7 (BB E fTR) .

BUR I (docs/ S =PUIMAUA AL S B4 HETT 58 . md §1.3 F3) = A5 Al BRI SR ICeox 42 i
KEERPE GFUPLPR: 4@ 17/17 i, Rl 2/6) o REARE AL, Tk

SR FURE " PRAT RETESEA AR I e s R

45°

TR R BRI

s, — B R NOIR L E] <400 #% 20 m HiF.

AP FBABR I BRI R ACTE o R4EP R
(:class: ~mcm26b.particles.ChannelParticles™) [fl4EkE 24 R4EA A A {THEMRD,
FEED (P2 = 301D BRG AT 4R WIS SO HE X 55 PEIATL

““referee.simulator._observe  ":

- JEB§ > r_eff - mo_signal: I FLI-H 7 SWIRYEA > 90° + no_signal:
- JEf < 5 m - near (xf{AF A Wax: 3 m AMIFFIRYERIERAHER no_signal) :
- 34 + direction (M = BiEfUf + ARIEE) .

SRR (AR ORsy . HUM IR RE  BOR/RY)

X [VATH )

““direction™"@s JEE < 1500. ] |gapl < &_eff + iRiAER DA T RE** B T s
““near” "@s e <5 MBI T REx+ T T s
““no_signal”t@s x ek (RREZEH ) R EE RN L) IR E A+ B s

(PORYMEARILTE r_eff min N ZHIE)

B ERHU ARSI L I Th Ao P A A
““asin(margin / max(dist - margin, 1))~ (BGPTSR O I hifle 25 B -

WA REE R TTgap < 90° + ABRY + EEEN + ARAMAWE T CTARE) ¢
AEANE " Sl “Tgap < 90° - R - EEEAN - MNMAHET T B,

ARBWERAI s BR (RFETARE) o

PRI (BLE, ) KA BI——iX ks S 77 45 B IR B B — 4t
(2026-09-12 f&1F: no_signal 4337 JFCiRH "HEE 5 MW E, ST
UM : keep=True 4y HURTF TAS I A E . WAL S MNP TR S kY
HIH ~tests/test_joint_belief.py™ ™ FREHLMLINTF & MM E k. )

R i

1.

2.
3.
4.

“Tprob_detect”: FNAEE WIZMUEIT AT (BLE, #mD MR EE,

F T ] DR 5 (HUREE BT BE) —— L gmaik S0F, AR Z L THUE;

" “expected_posterior_radius”: —RKillEG MG MEC 4% (D1 {HER%)
Ttis_absent”: MRGHEE = EHUEAEEE (UK, SEZIEHRE M)
PLE BRI IE T 15T 20 m FERRHIE, ABHORKEATATIE T 042,
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48 from __future_
49

50 import math

51

52 from ..config import ProblemConfig, Vec2

53 from ..particles import ChannelParticles, _branch_radius_array
54 from ..protocol.rules import DIRECTION, NEAR, NO_SIGNAL

55

56 HEADING_BINS = 24 # 15° —1Y4

57 _BIN_HALF_DEG = 180.0 / HEADING_BINS # 7.5°

58 _FULL_MASK = (1 << HEADING_BINS) - 1

import annotations

59 _GRID_DEG = 3.0 # AEEELESR

60 _GRID_N = int(round(360.0 / _GRID_DEG))

61

62 try: # numpy A/ERIEINE)G4 (55 particles —%()
63 import numpy as _np

64 from ..particles import _np as _particles_np

65 if _particles_np is None: # MCM26B_NO_NUMPY mifiksc: w4l Python
66 _np = None

67 except Exception: # pragma: no cover - ¥EiJi numpy
68 _np = None

69

70

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

72 n AR A RN (BE) o

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:
7GR A halt_deg MIMIRIER, "

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 # #F: DL bearing Ml kM 90° BN ILFH

86 # - COVER: ++TAExs Bl i /i (20 5424 AHI RSP

87 # - SILENT: sxffji@x+B 50 (WP &N —EHod Ik, it

88 #  SCRYLLXT: SEBREBTE _cover_mask / _far_mask, FENILULALEMETIAN

8 # IR B OBENAT— SR O ZE B L TBEBE .

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 GO Rk KT+ Texclude_half_deg” " A4S (no_signal fl) .
100

101 5 :func: _cover_mask™ H.fp: no_signal H AP "HEE A" 5 ALY
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 None: # 12 {225 popcount #FE (G 24 ) HY P 504
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 - J§ numpy 4)37

114 _POP16 = _COVER_ARR = None

115

116
117 def _popcount(mask: int) -> int:
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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 v EUENE (R < Bl BE T T,

127

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

129 self.config = config

130 self.field = config.field

131 self.position = ChannelParticles(config)

132 self.masks: dict[int, int] = {} # MEERG] > MG (B ary)
133 self._sample_cache: tuple[int, list[int]] | None = None

134

135 # ———- -—- -—- o -—- 25 3f1]
136 def __len__(self) -> int:

137 return len(self.position)

138

139 def is_absent(self) -> bool:

140 "RG RS = ZEEAFTER CGUIRIRE 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 ST GRS IEIALT et ) o 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 m— R IR MEC A2 OK) 5 D1 {HERI%L.

163

164 5 :meth: ChannelParticles.expected_posterior_radius™ [f]j, 5] HYE
165 no_signal 4 ¥MEHR: EHENUSHER > r_eff FHEK, B4 A ER
166 ik, B

167

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

169

170 Hr “Tcover_ratio™” AR LT W REEE q AL HIRIAL L.
171 I 3ARTE

172

173 - direction (F[UL, HJE near) : 4K q MITNL 6, SRR 2% L
174 BUBS Mural 17238, BRIGEREF AN OB RIS

175 - no_signal: &[] JRATERBRx AN AS R GEGE +« (755 50 AR R 2 A A
176 - near: J5Ih 5m %,

177

178 IR IEE U Tt E P, S SRR 2HE; HET N/ RS DR H
179

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
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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)

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

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

204 dist = _np.hypot(dx, dy)

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

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

207 rdist = _np.hypot(rdx, rdy)

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

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

210 .astype(_np.int64) % _GRID_N]

211 visible_mask = rep_masks & cover

212 bits = (_POP16[visible_mask & OxFFF]

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

214 cover_ratio = bits / float(HEADING_BINS)

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

216 / (self.field.r_eff_max_m

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

218 p_vis = (1.0 - p_silent_range) * cover_ratio

219 p.ns = 1.0 - p_vis

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

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

225 radii = []

226 for row in in_wedge:

227 member = points[row]

228 radii.append(_branch_radius_array(member)

229 if len(member) else eps_radius)

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

231 current = pf.mec()[1]

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

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

234 p_ns * current + p_vis * radii)

235 return float(values.mean())

236

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

238 representatives: list([int]) -> float: # pragma: no cover
239 "tvafi Python IR (L [RERZS SCRIE X, HtI6 numpy PRIELXIH) o vt

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)
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327

def

if distance <= self.field.r_eff_min_m:
p_range = 1.0
elif distance >= self.field.r_eff_max_m:
p_range = 0.0
else:
p_range = ((self.field.r_eff_max_m - distance)
/ (self.field.r_eff_max_m - self.field.r_eff_min_m))
p_vis = p_range * ratio
members = []
for point, mask in zip(points, masks):
if math.dist(point, reader) > self.field.r_eff _max_m + pf.margin m:
continue
bearing = math.degrees(math.atan2(point[1] - reader[1],
point[0] - reader[0]))
if heading_gap(bearing, reading) <= half_angle + le-9:
members . append (point)
if members:
mx = sum(p[0] for p in members) / len(members)
my = sum(p[1] for p in members) / len(members)
radius = max(math.hypot(p[0] - mx, p[1] - my) for p in members)
else:
radius = eps_radius
total += (1.0 - p_vis) * current + p_vis * radius
return total / max(len(representatives), 1)

prob_detect(self, reader: Vec2, size: int = 256) -> float:
"UUYE Creader” AMREE WAL—WIAT (L, @WIED BMEEREFUE AR .

r_eff ~ U[1000, 15001 M#HTARS): WA HEATATRY AL 5 LAY o
ST AH . A2 5T HE.
nun
cells = self.sample(size)
if not cells:
return 0.0
total = 0.0
span = self.field.r_eff _max_m - self.field.r_eff min_m
for index in cells:
gx, gy = self.position.cell_center(index)
distance = math.hypot(reader[0] - gx, reader[1] - gy)
if distance > self.field.r_eff_max_m:
continue
if distance <= self.field.r_eff_min_m:
1.0

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

—————————————————————————————————————————————————————————— L0 5
_apply_heading(self, station: Vec2, keep: bool,
within_m: float | None = None) -> None:

n ] G GRS R (PRsE s UM MR T RE " BIR) o

““keep=True "~ (direction / near) = HJ|[A|LhJix* 1] fiE*+7 15 station:

REL MM < 90° + A + HEREHEN + BNAHR.

““keep=False "~ (no_signal HMAZUATE r_eff_min N) = B0
xRl iiwn station: JURELSTRILA > 90° - K - BEAA
- R AR RS o

TCIENAE = asin(margin / max(dist - margin, 1)) : FGNIE—E

ARG ORI T D 2 e AT RS NE A5 2 5 I B
WY (keep=True iiit) IR LIRTT AR (keep=False Jif) o
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328 nun

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 # RSN R AR T AL TSR AT R 1), AT — (U 3 5T
340 continue

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 == O:

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 nERCE R A AT (PRSEL IR CRLE, IR ORBm) 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 [WJFEZRTTIL (PFIUATLSI 0 16 10 B )

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

368 elif result == NO_SIGNAL:

369 # PEE A AR R Mo S BEAEHRALIRVETE r_eff _min A"
370 # I, no_signal A& MlERIFRE. A OBIMRNIE— K < margin,
371 # WMUE{EH r_eff min - margin; B + margin £ 1000~1010m FHHERHY
372 # YR AUREL G, AT A RE MR LU R (B RO L) o
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" KM 455 : {result!r}")

379

380 #o—mmmmmmmmmmme- e -—- 24
381 def summary(self) -> dict:

382 "B BRI (BN summary, fEHIHHSIECEN) 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

nnngE— gy AT N D mem26b <>,

1
2

3 -aqal A — AL 2ok i (P2 E5ET)

4 - sim-check FIPRMINLE FLF TS RE (PO HAR)

5 - run IR ZI—E N —1EBE—EH (--problem 3 4 / 4 RAVE:
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—-self-test EMZIEMAPL referee)

L E . BITIRIDZE S NPEAL; referee/harness {{fE --self-test 5

sim-

from

impo
impo
impo
impo
impo
impo
from
from

from
from
from
from
from
from
from
from

Q3_S

def

def

def

def

check 4y ZPMNE CUEXM dev ) -

_future__ import annotations

rt argparse

rt json

rt socket

rt sys

rt threading

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():
S L A ME R GEFTI/ ER AR o
from .harness import (LocalSimTransport, mixed_scene, random_omni_scene,
referee_spec)
from referee import LocalSimulator
return (LocalSimulator, LocalSimTransport, mixed_scene, random_omni_scene,
referee_spec)

_referee_missing():
print ("RZZEM I referee (mcm26b-referee) . iHSE “uv sync” e

" dev ffK#ffi, B pip install mcm26b-referee; IEANHEE AT FEAML. ",

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:
" LR AR ] A2 EARZE YA (B 4E= 1 B A )
A HIN (A/CT) BRSO 2 W 0I5, 46 simkoeii.
if _port_free(requested):

return requested
if sys.stdin.isatty(Q):

while True:

auto = _any_free_port()
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76 try:

77 answer = input (£"[—f#{FM] {name}iil1 {requested} B #HH: "
78 RN G {auto), A AEAMEGT: ") . strip()
79 except (EOFError, KeyboardInterrupt):

80 return auto

81 if not answer:

82 return auto

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

84 if _port_free(int(answer)):

85 return int(answer)

86 print (£"3i [0 {answer} [RAERLE AT, L. ™

87 continue

88 print ("iEifi N 1024..65535 [HEITS, S EHEFAEIIFMLE K. ")

89 auto = _any_free_port()

90 print (£" [—H1FE ] {name}if[1 {requested} U#HH (AELHIfEE) ,

91 £ E A T {auto}. ", file=sys.stderr)

92 return auto

93

94

95 def _start_local_judge(args):

96 OB E ST IEIEL (FLESREE T + WebUT [EIN) FEHHATTUA— R %

97

98 &M (judge, session, action_port, ui_port): MR None (BETENHKA) -
99 e

100 try:

101 from referee import Referee

102 from referee.server import ActionInterfaceServer

103 from referee.webui import WebUIServer

104 except ImportError:

105 _referee_missing()

106 return None

107 action_port = _acquire_port("HlZHiij#E 1", args.judge_port)

108 ui_port = None

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

111 if not args.judge_no_ui:

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

113 ui = WebUIServer(judge, ui_port)

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

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

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

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

118 countdown_s=args. judge_countdown_s)

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

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

121 time.sleep(0.05)

122 if session.phase != "open":

123 print (" [—HEPRIT PRIHLREEIFILE T, 2Hik. ", file=sys.stderr)

124 judge.abort ()

125 return None

126 print (£" [—HPEM] Zp%44i% {session.case_code} - {session.module.titlel}"
127 £" - 4% http://127.0.0.1:{action_port}")

128 if ui_port is not None:

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

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

132

133

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

135 " EERTTRTHIAR RS (Jexit JFER) o AUENA KT LAk,

136 deadline = time.monotonic() + timeout_s

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

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

140 judge.abort ()

141

142

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

e EEEERPLIRIALR . RAORRR . FSH S BN TIRA sunmary. "

145 _settle_local_judge(judge, timeout_s=10.0)
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146 state = judge.snapshot ()

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

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

149 summary["local_judge"] = {

150 "case_code'": session.case_code,

151 "module": session.module.title,

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

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

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

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

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

157 "source_count": len(truth_channels),

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

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

162 }

163

164

165 def _sim_check(args) -> int:

166 w1 2/ 255 10T IS AR R 105/111/194/199 Fb, "t

167 try:

168 local_simulator, local_sim_transport, *_ = _load_referee()

169 except ImportError:

170 return _referee_missing()

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

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

174 steps = []

175 steps.append(client.measure((300, 400), 1).virtual_time_s) # £ 3h500m+45]l|5s
176 steps.append(client.measure((300, 400), 2).virtual_time_s) # Wl 1s i Ss
177 steps.append(client.clear((300, 0), 3).virtual_time_s) # £ 3h400m+5 % P3s
178 steps.append(client.measure((300, 0), 2).virtual_time_s) # 5 MR AR E 2
179 info = client.exit()

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

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

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

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

184 "final_ virtual_time_s": info.virtual_time_s,

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

186 ensure_ascii=False))

187 return O if ok else 1

188

189

190 def _run(args) -> int:

191 e B3 /AP R

192

193 =R --local-judge —HEAHIITEN (HBhiE referee JFXJHE)

194 --self-test WAERIFFAK CR&EUGET) 5 BRIAKWHEE --base-url FIHILIZE

195 (B oM referee) o FLEHIFETETMHAMG AT, HRBEHHAL IR R o

196

197 SEMUPIGE . --self-test HJPEMIMFZ --real-budget-s (ERI\ 1800s) &[]

198 remaining_real_duration_s; HAEAF LIRS %% /enter &l fyuE (G

199 RITIBIT LR 20 o8, AEK) .

200 e

201 config = ProblemConfig()

202 session = replace(config.session,

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

204 config = replace(config,

205 session=session,

206 search=replace(config.search,

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

209 if args.persistent:

210 # BRE: KBTI persistent ST 98.84% KLU A

211 # (346170 s) {EXREH bo XL BRI BB,

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

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

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

215 print (£" [#75] --persistent: IXAJFHEHAREERIE H TR, "
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216

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
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285

fUsg | RY) {per_round:.Of}s il A"
£" ({config.field.channel_max} #fijii x {stations} Wl x "
f"{config.cost.measure_s + config.cost.switch_s:.Of}s) "
A SRR L GIIRRIEIRRFERIN (56]) - ", 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 AHE[HHIi[f]. ", file=sys.stderr)
return 2
if args.base_url:
print("--local-judge ZM& --base-url (FE[IHuhEmPENYLA SI5EL) - ",
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=real_budget_s),
stress_mode=True)
transport = local_sim_transport(simulator)
elif args.real_budget_s is not None:
print("--real-budget-s {UfE --self-test AR IEMEXPIIRS %% "
"/enter iZ[U[f] remaining_real_ duration_s Mifi, ", 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:
"ANSE summary JOfE B AZNE(EIER Y R FERGR G,
summary ["strategy"] = strategy
if real_budget_s is not None:
summary["self_test_real_budget_s"] = real_budget_s
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286 if args.summary_steps is not None and len(summary.get("steps", [])) > args.summary_steps:

287 summary["steps"] = summary["steps"][:args.summary_steps]

288 summary ["steps_truncated"] = True

289 all_cleared = None

290 if truth is not None:

291 # RIS BRI AR T S B

292 all_cleared = sorted(summary["cleared_channels"]) == truth

293 summary["truth"] = {"source_channels": truth,

294 "source_count": len(truth),

295 "all_cleared": all_cleared}

296 if judge is not Nome:

297 _finish_local_judge(judge, judge_session, summary)

298 all_cleared = summary["local_judge"]["all_cleared"]

299 print (json.dumps (summary, ensure_ascii=False, indent=2))

300 return O if summary["completed"] and (all_cleared is not False) else 1

301

302

303 def main(argv=None) -> int:

304 parser = argparse.ArgumentParser(prog="mcm26b", description=__doc__)

305 parser.add_argument ("--config", default="",

306 help="Fif: %% ProblemConfig [ JSON X ff (ZHLAT) ™)
307 subparsers = parser.add_subparsers(dest="command", required=True)

308

309 ql = subparsers.add_parser("ql", help="|u]fi—ffhl &z £ >R fif")

310 ql.add_argument ("input", type=str)

311 ql.add_argument("-o", "--output", type=str, default=None)

312 ql.add_argument ("--rounding-margin-deg", type=float, default=0)

313 ql.set_defaults(func=lambda a: ql_main([a.input] + (["-0", a.output] if a.output else [])
314 + (["--rounding-margin-deg", str(a.rounding margin_deg)]
315 if a.rounding margin_deg else [])) or 0)
316

317 check = subparsers.add_parser("sim-check", help=" [ E L& & H I A=)

318 check.add_argument ("--robot-id", default="2026001")

319 check.set_defaults(func=_sim_check)

320

321 run = subparsers.add_parser("run", help="[{|If: K —EN—i5—EH (H#i3/4) ")
322 run.add_argument ("--robot-id", required=True, help="4#:tZJE[\ 5. ZFFTI—5"

323 run.add_argument ("--base-url", default=None,

324 help="H{Ll 24 1kt (CBABURCE http://127.0.0.1:2026) ")

325 run.add_argument ("--log", default=None, help="4:ifHili JSONL %iHii%E")

326 run.add_argument ("--problem", type=int, choices=(3, 4), default=3,

327 help="[Hdi3=2 [, F@A=iRaEEE Rk 3) ")

328 run.add_argument ("--strategy", choices=tuple(Q3_STRATEGIES), default="bayes",
329 help="|i] @355 : bayes=hi UL +F BIGa+RNTARE (BRIN, "

330 " ARG seven FFE 19.5%%) . seven=tLfiHtE, "

331 "grid=49 5 MAEHLLL; /X --problem 3 AEZL™)

332 run.add_argument ("--bearing-margin-deg", type=float, default=0.005,

333 help="/nN[ FE& AR (S5t E BiO /NG BN 0.005°) )

334 run.add_argument ("--real-budget-s", type=float, default=None,

335 help—"ﬁﬁim}ﬁ%ﬂﬁ (BRIN 1800=30 434h; {0 --self-test AEZf, "
336 "IESR LIRSS %% /enter R EINHE) )

337 run.add_argument ("--summary-steps", type—lnt default=None,

338 help="summary F{R 5 WZEL IS4 B GBRANERS: ERAAEHE) "
339 run.add_argument ("--persistent", action='"store_true"

340 help="SHIRIHI: HAIEHR4EES ’Ei‘ﬁﬁml’ﬁﬁl_ H R BRI

341 "OBRIAER]: I R RIS e, el Jexit) ")

342 run.add_argument ("--local-judge", action="store_true",

343 help="—H#ZAHIPEM . [ 3B M NN referee (Pliw Z’H*‘EH"

344 "WebUT SCINf/WIEY) | BHIATFUA— R LI e e R

345 it 1B o5 I 2Bl s 1 (FE3 B A SO 25 s 1) ™)

346 run.add_argument ("--judge-port", type=int, default=2026,

347 help="—#PFIAALAR I TG T (BRIA 20265 #5 B E/HEE) ")
348 run.add_argument ("--judge-ui-port", type=int, default=8026,

349 help="—PIfY) WebUT i1 GERIN 8026; #5lfiigil/ Hik) ")

350 run.add_argument ("--judge-no-ui", action="store_true",

351 help="—#E P A J53) WwebUT (LIREAMLAIHEEIT) ™)

352 run.add_argument ("--judge-countdown-s", type=float, default=5.0,

353 help="—# MBI IR EITHIS AL CBlEHRIA & B, wIgakimig) ")
354 run.add_argument ("--judge-data-dir", default="output/referee",

355 help="—#IFIM ST HAEH S (BN output/referee, it WebUT [Hlj) ")
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356 run.add_argument ("--self-test", action="store_true",

357 help="7EM L PPNl referee HFENLAR (Whkhs Ak, FNEET) ")
358 run.add_argument ("--seed", type=int, default=20260910, help=" [z 5tf1")
359 run.add_argument ("--sources", type=int, default=None,
360 help="[fu %l (BUALEMTE 10~-16 HEHL) ")
361 run.add_argument ("--directional", type=int, default=3,
362 help="i/#i4 [ K375 P & M EEE (--problem 4 %) ™)
363 run.set_defaults(func=_run)
364
365 args = parser.parse_args(argv)
366 try:
367 return args.func(args)
368 except NotImplementedError as exc:
369 print (£" K5 F: {exc}", file=sys.stderr)
370 return 2
371
372
373 if __name__ == "__main__":
374 sys.exit(main())
src/mcm26b/config.py
1 I H SRR B R PR S iE RN S R S
2
3 AREEA T A AVEX B — IR, FBHUET :class: "ProblemConfig™ s
4 ATHEEE S - dataclasses.replace”™” YRAEHFCE ., AEIE T E.
5
6 RIFHRELE:
7 - TLEE]TC A issue/B@l.pdf. FffFL «BHUEHEHBIY o BHF2 GEFEEDUED FIC
8 - TTLLAE]TT ANTARSE, wRKEZSCIRE, AMREEITE.
9 nmnn
10
11 from __future__ import annotations
12
13 from dataclasses import dataclass
14
15 Vec2 = tuple[float, float]
16
17

18 @dataclass(frozen=True)
19 class FieldConfig:

20 o A B S SRR . D]

21

22 omega_radius_m: float = 1800.0 # HbpXIRE, B ks

23 channel_min: int = 1 # AROFE TR

24 channel_max: int = 20

25 source_count_min: int = 10 # — SR ESGEE (O A RS

26 source_count_max: int = 16

27 r_eff_min_m: float = 1000.0 # ARAEBCER TR no_signal HABHEKZ R
28 r_eff_max_m: float = 1500.0 # AREECERE EA: direction [REHEES A
29 near_radius_m: float = 5.0 # PRSI R, IR ER A R

30 clear_radius_m: float = 20.0 # IEBRER 5EMEAN IR

31 bearing_error_half_deg: float = 1.0  # sn[i]EEiRIEIEE (FHHEAL)

32 bearing_decimals: int = 2 # 3R B 7R [ B /NEL T

33 coord_abs_limit_m: float = 2_000_000.0  # #2AZAAbRAYLENE_LFE GEEHR 9 HTTP 400)
34 directional_half_angle_deg: float = 90.0 # & [f]Jfs A &0/ A % (&)

35 max_virtual_duration_s: float = 360_000.0 # JEflltl SR (100/N)

36 max_real_duration_s: float = 1200.0 # /enter WNINJGHE)FiafT FIR (2043-4])

37 test_window_s: float = 1500.0 # WHAFFEE IR E O (25404h)

38

39

40 @dataclass(frozen=True)

41 class CostConfig:

42 R AR S ERER R . DEUED FR1ER. BR2sEa . e

43

44 speed_mps: float = 5.0 # FEEHEEE; FER=HL IS /speed

45 measure_s: float = 5.0 # BRENBIERERT (TBIeg5R)

46 switch_s: float = 1.0 # LR PIGE I UIREERT, (UH AT /measure ik

47 clear_success_s: float = 5.0 # 5 IhFEn; = N2 ENi3s + BokiEG2s
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51

111

113
114
115
116
117

clear_fail_s: float = 3.0 # REIAEREIR = O EN3s

@dataclass(frozen=True)
class SessionConfig:

i B4 SRIG . arena/robot/request UM [EImE], H4eoh [LREI. "¢

O] i

DB AR BRI EE 1 bkl

iG] UTF-8 KJBF 1..64

[l UTF-8 KB 1..128

D8] iR HITP 413

[T et

(TR EolEnt; 25" Iss a8 AR m B E e
[T e L 2R (FHEK)
[T SRR, % 2°n Ok
reserve_exit_s: float = 60.0 [R5 R 5 ke e 52 A B SR 4
real_rtt_p95_s: float = 1.0 [T PlszsigsRm o it it, Psss
# (TR AR/ Gy A E R P2 7 LR 12008 ANA[HEK: ;

# HIK%A --real-budget-s fH % LocalSimulator jR[fff] remaining_real_duration_s,

# BRI\ 1800s (30 Zpgpsctll) . FIFEIE" RIS RRELIZ 1T BBk " I T .
self_test_real_budget_s: float = 1800.0

arena_id: str = "default"

base_url: str = "http://127.0.0.1:2026"
robot_id_max_bytes: int = 64
request_id_max_bytes: int = 128
request_body_max_bytes: int = 65_536
connect_timeout_s: float = 5.0
read_timeout_s: float = 15.0
max_attempts: int = 3

retry_backoff_s: float = 0.25

H OHE H OB H HHF H O HH

Q@dataclass(frozen=True)
class SearchConfig:

"R SRS (TAE HESHRIL docs/BRIEEBUT 554 HEH 1) na. "

grid_step_m: float = 700.0 # P4 FEmMMHK; BATTHH 700%sqrt (2)~989.95<=1000
grid_half_cells: int = 3 # 1,j € [-3,3], 49 mif [-2100,21001°2 D Q
fallback_clear_grid_m: float = 20.0 # P5 J5fFifii%; 10%sqrt(2)<=20
# AN RS AR R R WAL, BIN <=0.005° {2 [HIH] ;
# IR AR LT AR A ks, WUEBRAE CLT run BRIA—E 0.005 [TfE1.
bearing_rounding margin_deg: float = 0.005
# ---- P3/P4 TELRENMEGMHSE (TR —---
polygon_sides: int = 192 # [BEEAMIZBIENE: @ ERIIRFE 1800(1-cos(m/192))~0.24m
witness_spacing_m: float = 60.0  # IRVRJFIITAN L SRR e85 Fidl 1/4 &%
candidate_rings: tuple = (0.0, 0.4, 0.75, 1.0) # “ZCAfRId% L S a2 Hu i)
candidate_angles: int = 12 # TR T 4K
clear_margin_m: float = 0.5 # EERIEBMA TRARE (ZRBERREZIN)
max_localize_steps: int = 8 # PSS LY BE LR G e i E R
max_anomalies_per_channel: int = 3 # FMfijE Siiicat FRR. Bk S bR
# ---- P5 ElNY Es4 (L] -
max_blocked_probes: int = 4 # S8 7 EAEE PN A e S PR s TG

# (HUGER+XE 2 IR B R ER)
fallback_max_cells: int = 400  # Jogiffpisdt i @i WA H 1 (T8 Rk 84S e 1)
# -——— X (EIFR) [T, 2026-09-12 Zkythik Po-2 / S2 flifk] ----
# 5D IR A A

#  square49 IHEYFE 5 A5 A28 (700m Jrd&, K[El 36.4km) ;

# g4_mincover_vl 75m/24 PYFOvR/NEE (31 4, K[E 22.9km) ——ZHMARE S

# 1E 25m/48 4F 125 A4 (p,h) [, S RAEESRIA AR

# g4_mincover_v2 **¥il#imxxi/NE (31 j5, r_design=965m. Fij[RfMAMiE 5°.

# HEROPER s0m/48 B + IEP PRIk |

# 15m/72 £4 (325.6 Ji (p,h)) #kI1 0, fIRdyrp 990m, [ 23.9%km,
# BATIRE R —REEE A%, Al BEL R 3.

q4_coverage_plan: str = "g4_mincover_v2"

verify_coverage_plan: bool = True # iz{T/WfIAEFEH: (GIERE N 22470

# ———— D E I A (A (TR, 2026-09-12 Z#fkifk PO-3] ----

# HORIME SRR (D8 < #in) BG4 HT AR o
# BURRE 45° WYBRERs: BRAHEZS A B EEIER . e VEs dth/ g
# ERRIEB S FIE AT, A KR mik s .
directional_joint_belief: bool = True
———— DY ) AR S (R EL (DR, 2026-09-12 Eif45 DP /5% S3/D1] --—-
I[H¥¥45> ~prob_detect/(Faf1+6) ~~ HIAI"X s B/ ANHG W, ASa] "5 Fl £ />
AERE", SREEPFE—NIEABER S D1 048 Sefen WA )k
(JURHE prob_detect > ratioxfx KIHAMEIE) , /ML

E[GH MEC E21(q) + A - CYRTHIE-q-MEC [0y MILEIFIEL + )
9 Yk core FUX) (BIEHRA(EE@IRMNZE) -

A=0.05: 5% 6.8 ¥ / T 9740 s ({15, WESHELLH)

=5 D JEFE 4.3 IR / T 8604 s (RIS, FLMUE + MTHKIT)

H OHE K B O K O
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118 # (UK (nearest_visible) : J545 4.3 K / T 8602 s, FEfpimik

119 # MHXIH visibility [0/2 (5% 125.6 K. T 92256 s) =FHESHLF, H X Bk

120 #BOE A BRI + A ER e E B L, ORI R A2

121 probe_score_mode: str = "nearest_visible" # visibility | expected_radius | nearest_visible
122 probe_lambda_move_s: float = 5.0 # expected_radius [ FHIKITTIE

123 # T ULBEER R JURE prob_detect > ratioxfx KIHAMELE FF LR AR,
124 # B IR EAT UGB SEBR )RS R

125 probe_visibility_ratio: float = 0.7

126 probe_exclude_blocked: bool = True  # CLilJ3d H RS 44 A 1 B4 BRI

127 approach_fractions: tuple = () # D1 I AIEE RG] (0=[FlCy) 3 BRIASEH]
128 # -—— ERIERBAEM [T, 2026-09-12 S4/D3] —---

129 # SR SR IEBRTE A T E IR L RIS, R A A I AR B IR A TE

130 # Hip——0r-opt SHIIEHERFHEIEM. 9 WiRlk: fii4h 125.7 JKRIL
131 # vs Or-opt 161.4 JX (T 8676 =+ 8940 s) . BRIARH, {REMRILEIF X,

132 fallback_optimize_tour: bool = False

133 # -——— REEER (TR, 2026-09-11 P JuskisiT] ——--

134 # AN PSS A (L SPRERLIEIRI D) - RATERA A
135 # ALHD Jexit, REH. SRMKEEL BFEUsiEmRimzE) RE. &

136 # "mem26b run --persistent” WXIF)H: NEFIREHRINE, EIIERE

137 # 3k 16, LHIPAAER SRR L 2 REAN L.

138 persistent_search: bool = False

139 virtual_reserve_s: float = 10_000.0 # JEII {224 4xhh: 4 A s 1k & sl
140 # G 100 /N b BRABAALL 25 5 ) 45 TR
141

142

143 @dataclass(frozen=True)
144 class BayesConfig:

s vvbay DIHR RS SE (FUESHINNE vayes) . [T

146

147 AL PR D A AR PEARIE Voronod #ihE: FLSLIRATIEAS.O 5 R BEES

148 <= sqrt(2)/2 * particle_spacing_m, 5 kill H|EHNYEIZME.

149 I EfF R A R (EHL)L docs/algo-3-bayes.md §2) .

150 e

151

152 particle_spacing_m: float = 14.65 # [W{%[H]fH; Voronoi #i& = 10.35m;

153 # WY 4.7 JIKg/GE, EREHAE RG]

154 # --—— (ZHAWE5IES [TF2E, Optuna TPE & [MIIH 2026-09-11] ----

155 # JFHZICE L output/q3/bayes—tuning/; 4 H{ACHDHELN IR IC % I

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

157 score_mode: str = "entropy" # entropy=/¥ log 77 5L (fFEIEZE) |
158 # radius=J{ R0 PR (EIHIET)

159 score_subsample: int = 800 # B SETE AL TR RS

160 mc_representatives: int = 7 # RIRE(ERR S GYSMIEERR)

161 lambda_move_s: float = 0.05 # WP TR RS SIS R AT R A (OME/FD)
162 # 2026-09-12 [iiXEHi: 0.05 fiF 0.0105 (20 ¥FH#fH -2.8%) ,

163 # entropy [T FREN 0(1) AL, MFUNE{ERITN

164 # ——— BRERIRAIRAL [TFE, 2026-09-12 P2] ---—-

165 # |[HiF N current->q + q->MEC, &5 kH|“f5 B EME HIHE L L LE K

166 # IR FFRJE, TEMEIEPERIIN q 3024 B 07 B XY Bl 55 & AR

167 # (WHGE; A/B DIVREEHEMELE OO0 o

168 # 2026-09-12 VR&ESMESEE M (18 &) « XM 3193.1 s vs FJ3 3210.3 s,

169 # 3 12339.8 m vs 12446.8 m W 1e-3 MYRELRIARM KGR, BRINEH .

170 route_aware_probe: bool = False

171 route_aware_insert_weight: float = 0.001 # AU/ REAPTE ZEL ONMUE, (UHE)
172 route_aware_clear_weight: float = 0.0 # S q->MEC THBREEAT (B ahmes)
173 wide_rings: tuple = (1.0, 1.5, 2.0)  # JC{MEHAILIIIRZIN (x PF MEC 2}43)
174 # -——- winiGEE (TR -—-

175 station_ring_radius_m: float = 1159.7  # L SIflafd: M IRGL0 4 ) 7 s fir AL
176 # -——— RU-ELIAEIKE [T, 2026-09-12 PO-1, SLITERL, BRIAFKEH] --—-

177 # A U B /S AT R BURE R A

178 # 52 (output/suite/q3-fuse-ab*, 20 HLfCkf, 2026-09-12) :

179 # QUGBS 4k 3454.6s vs 3426.9s (+0.8Y%, falll +10.8 K, fif{Y -188m) ;
180 # 3B+ MEIL IS 4989.0s vs 3426.9s (+45.6%, 20/20 I EE)

181 # R LR EIE 2 -3 NSRRI — IR A RO iR, HIbRIAE S

182 # AJELMRIE 20m GiE45, & (GBI R B Il G H & 45l

183 # RIGORE DUMEE S JE S 7T, St O AR BURES False.

184 fuse_localize_into_tour: bool = False

185 # - L HT (TR --—

186 two_opt_enabled: bool = True # JFHEg1E 2-opt Mgk (FIE4PITIR)

187 two_opt_passes: int = 4 # 2-opt R KIHAEEL
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188 # -——- EWES5)T (Held-Karp, S#uSiRA) [T, 2026-09-12 S5/T1] ----

189 #E&%Mm6fmIﬁ|ﬂj§%utﬂ®nhMtMﬁﬁﬁDPJKDBwﬁﬁé

190 #x ZETRETIAGE)  BRSRATRS BRI N ANIEER NN+ 2-opt. O FIREEH.

191 # %{B_“J (18 ) f“‘ﬁ)‘:ﬁ DP 3203.2 s vs 2-opt 3193.1 s B " Y R

192 # TS5 R TER S N i 25 (SLOHET IR E R BIRZ ) . BUA o

193 # AR XM R, TRE N R S A

194 exact_order_limit: int = O

195 # —--- PF JEBRIEH (LR --—-

196 grid_cert_enabled: bool = True # fhmﬂ;zﬁ% MEC % ERIEE (YEBZ M)
197 opportunistic_measure: bool = True # CELEEENEINEASS: AME 2%

198 # PG LR E /D) (1-ratio) A%MI: 0.5 f£F 0.65 (18 %4+ 3205.4 vs 3210.3 s)
199 opportunistic_radius_ratio: float = 0.5

200

201

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

00 UURATCE. AHSGRES MRASE, BT R,
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
"UUp4 IR 49 PG BSUEE RICR

B S W docs/BIIEAME T 5 52X .md §4) -

= {(700i, 700j) : i, j € [-3,3]}, ISl = 49, %3 [-2100,2100]¢ D Q,
HAvrm BAREE A GRS & 5 0 € I IEATE) o
YOLPT S E] 4 THMIEES <= 700 - v2 & 989.95 <= 1000 <= f/NElEZ,

oS o

- BRI AT M FEGE . A OFGE, 2D 4kl
0 - E{HF‘I‘/E,EQ%LTEJEJIIM, R THLtJEliJ?I% IREIR

- BEEM b (P6) AR B BHEE SR, AR S A

N - Y I e N S

=

22

13

14 from __future__ import annotations

15

16 from dataclasses import dataclass, field

17

18 from ..config import ProblemConfig, Vec2

19

20

21 def coverage_points(config: ProblemConfig = ProblemConfig()) -> list[Vec2]:
2 "nag MBERIAEAL (MU, ARSI 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 CoverageLledger:

32 "RBGEE SIRAS: OFUE, MAgRD) > 2ET.

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 -> J§i[A

38

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

40 self .measured.add((channel, point_index))
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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 eSO E Bk BRI (W already_cleared / located_pending_clear) . """
47 self.skipped[channel] = reason

48

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

50 " R D A R RR e R BRI R S (PA) o

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

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

53

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

55 "ZHE R R e (BB ) o

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

src/mcm26b/evaluation/__init__.py
R EGETE . A B ElfE H AR AE FE RN 2 5 e

1
2
30 "G ICESR s R R A R A R A DB /1) §6].

4 recompute_virtual_time g [HI M5 AR I Y e — 42 S S

5 Z P HiEkg AN SessionLog i accepted Fi{fff) {path, request, responsel}.
6

7

8

9

nwun

from __future__ import annotations

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

13

14

15 def recompute_virtual_time(events: list[dict],

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

17 o AR H R FLE A AU %1

18

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

20 R IR A R 5 IR s AT — 25 S5 i mi b J 25 8 28 2510\ mismatches,
21 e

22 position = (0.0, 0.0)

23 channel = 1

24 virtual = 0.0

25 virtual_us = 0

26 steps, mismatches = [], []

27 for index, event in enumerate(events):

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

29 response = event["response"]

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

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

33 if path == "/enter":

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

36 elif path == "/measure':

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

40 virtual_us += predicted.total_us

41 virtual = virtual_us / 1_000_000

42 elif path == "/clear":

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

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

46 position = pos

47 virtual_us += predicted.total_us

48 virtual = virtual_us / 1_000_000

49 elif path == "/exit":

50 pass # /exit HEHEMEHINGP D]

52



51

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

else:
mismatches.append({"index": index, "issue": f" RAII%fE {path}"})
continue
delta = response["virtual_time_s"] - virtual
if abs(delta) > 1le-6:
mismatches.append({"index": index, "path": path,
"recomputed_s": virtual,
"recorded_s": response["virtual_time_s"],
"gap_s": delta})
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,

"mismatches": mismatches}

def summarize(events: list[dict]) -> dict:
" EIE: K/ R R B A R
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) **x 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, '"cleared": cleared,

"distance_m": distance_m}

src/mcm26b/geometry/__init__.py

=TGR I A B Ve I N

vp2 JUIHG BRI R R 2 L (TR, 25T

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

from .localization import Measurement, solve, smallest_enclosing_circle

from .planning import first_bearing_candidate_disk

all__

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

src/mcm26b/geometry/__main__.py

0 N N U AW N =

S o

11

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

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@in[/li—: M. EALSMHE")
parser.add_argument ("input", type=Path, help="{i{measurements%{4 [ ISON{4")
parser.add_argument("-o", "--output", type=Path)
parser.add_argument ("--rounding-margin-deg", type=float, default=0,

help="#iAbR 221 A1, BRIANO; W10 008 PEAT & NEEUENEAIAT ™)

args = parser.parse_args(argv)

try:
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20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

if

exce

text

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 (#4522 4 b/ A A7 BRAE 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],
}
pt (ValueError, TypeError, KeyError, OSError) as exc:
parser.error(str(exc))
= json.dumps(result, ensure_ascii=False, indent=2, allow_nan=False)

if args.output:

prin

__ham

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

e == "__main__":

main()

src/mcm26b/geometry/localization.py

O 0 9N AW N —

24

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

A1l calculations are floating point with normalized station coordinates.

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

parallel pairs are discarded), and the feasibility tolerance scales with the
candidate vertex magnitude, so legitimate far-away vertices of long thin

regions are never silently dropped.

from dataclasses import dataclass

from itertools import combinations

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

Point =

EPS

= le

tuple[float, float]
-9

PARALLEL_EPS = le-12

@dataclass(frozen=True)
class Measurement:

def

def

x: f

y: £
bear
half

def

cros
retu

dist
retu

loat

loat

ing_deg: float
_angle_deg: float = 1.0

__post_init__(self):
values = (self.x, self.y, self.bearing deg, self.half_angle_deg)
if any(isinstance(v, bool) or not isinstance(v, (int, float))
or not isfinite(v) for v in values):
raise ValueError ("AAbn. 7w [f] 1R 254/ b2 AT PREC(E )
if not O <= self.half_angle_deg < 90:
raise ValueError ("iRZERMUATE [0, 90) JF; M M1pE")

s(a: Point, b: Point) -> float:
rn al[0] * b[1] - a[1] * b[0]

ance(a: Point, b: Point) -> float:
rn hypot(al0] - b[0], al1]l - b[1l)
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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

108
109
110
111
112
113
114

def

def

def

def

def

halfplanes(m: Measurement) -> list[tuple[float, float, float]]:
"""Return a*x+b*y<=c with unit normals, including the forward constraint."""
theta = m.bearing_deg % 360
lower, upper = radians(theta - m.half_angle_deg), radians(theta + m.half_angle_deg)
middle = radians(theta)
normals = [(sin(lower), -cos(lower)), (-sin(upper), cos(upper)),
(-cos(middle), -sin(middle))]
return [(a, b, a * m.x + b * m.y) for a, b in normals]

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

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

unique.append(p)

if len(unique) <= 2:

return unique

def chain(seq):
out = []
for p in seq:
while len(out) >= 2:
a = (out[-11[0] - out[-21[0], out[-11[1] - out[-2][1])
b (pl0] - out[-1]1[0], p[1] - out[-1]1[1])
# Distance-to-line tolerance, not an unscaled area tolerance.
if cross(a, b) > eps * max(hypot(*a), hypot(*b), eps):
break
out.pop()
out.append (p)
return out

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

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

raise ValueError ("% mi fEIATAAE T E L P EAE")
a = b = points[0]
value 0.0
for p, q in combinations(points, 2):

d = distance(p, q)

if d > value:

value, a, b =d, p, q

return value, (a, b)

_circumcircle(a: Point, b: Point, c: Point):
(b[0] - al[0], b[1] - al1ll)
(c[0] - al[0], c[1] - al1l)
det = 2 * cross(u, V)
if abs(det) <= PARALLEL_EPS * max(hypot(*u) * hypot(*v), 1e-300):
return None
uu, vv = ul0] ** 2 + u[1] *x 2, v[0] ** 2 + v[1] *x 2
center = (a[0] + (uu * v[1] - vv * u[1]) / det,
af1] + (u[0] * vv - v[0] * uu) / det)
return center, distance(center, a)

u

v

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

Radius is recomputed against every vertex to preserve numerical containment.
Coordinates should be normalized when there are very large offsets.
if not points:
raise ValueError ("5 i /M [ E] ")
xs, ys = [p[0] for p in points], [p[1] for p in points]
best_c = ((min(xs) + max(xs)) / 2, (min(ys) + max(ys)) / 2)
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115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164

166
167
168
169
170

172
173
174
175
176
177
178
179
180
181
182
183
184

def

def

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

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

for p in points:

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

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

circle = _circumcircle(a, b, c)

if circle is not None:

consider (*circle)

return best_c, best_r

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

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

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

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

raise ValueError ("Zs N4 /M [ 3] ")
if not isfinite(eps) or eps <= 0:

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

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

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

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

n, boundary, returning = stack.pop()

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

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

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

elif not returning:
stack.append((n, boundary, True))
stack.append((n-1, boundary, False))
elif not _circle_covers(circle, locall[n-1], tolerance):
stack.append((n-1, boundary + (local[n-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.

56



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

236
237
238
239
240
241
242
243
244
245
246

248
249
250
251
252
253
254

def

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

(e.g. stations lcm apart with bearings 1 and 358.99999999999 deg give a
vertex ~5.7e10 m away). Only exactly-parallel pairs (det == 0) have no
intersection. The feasibility tolerance scales with the vertex magnitude,
since absolute residuals grow with coordinates.

if not isfinite(eps) or eps <= O:
raise ValueError ("eps//i A A FRIEEL")
if not measurements:
return {"status": "unbounded", "vertices": [], "diameter_m": None,

"diameter_infinite": True, "recession_direction": [1.0, 0.0],

"message": "WATNLIN, EA-PE AT}

if len(measurements) > 100:

raise ValueError ("Z£:# SLHiR £ B 100G I A5 5 T RIS B (ff i 2l P ThT 2 e )
ox = sum(m.x for m in measurements) / len(measurements)
oy = sum(m.y for m in measurements) / len(measurements)

scale

max (1.0, max(hypot(m.x - ox, m.y - oy) for m in measurements))

local = [Measurement((m.x - ox) / scale, (m.y - oy) / scale,

planes

m.bearing_deg, m.half_angle_deg) for m in measurements]
[h for m in local for h in halfplanes(m)]

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

feasible_vertices = []
for (a, b, ¢), (d, e, f) in combinations(planes, 2):

de

t

a*xe-b=xd

if det == 0.0:

continue  # FEWHFAT: TR A (EFATRAYA R AEImu A, (RE)

p=(c*e-Dbx*xf)/det, (a*xf -c*d) / det)
if isfinite(p[0]) and isfinite(p[1]) and inside(p):

feasible_vertices.append(p)

if not feasible_vertices:

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

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

"message": " MIIA A H A R AE . U SR ZE R

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

# Use
ray =

for a, b, _ in planes:
for direction in ((b, -a), (b, a)):

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

for d, e, _ in planes):
ray = direction
break

if ray is not Nonme:

hull =

break

convex_hull(feasible_vertices, eps)

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

result

{"status": "unbounded" if ray else
("point" if len(hull) == 1 else "segment" if len(hull) == 2 else '"polygon"),
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255 "vertices": [world(p) for p in hull], "tolerance_m": eps * scale,

256 "diameter_infinite": ray is not Nonel}

257 if ray is not None:

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

259 nessage="TF{ERZFERT I, KR, HAEHTHA"

260 return result

261

262 d, pair = diameter(hull)

263 midpoint = ((pair[0][0] + pair[11[0]1) / 2, (pair[0][1] + pair[11[11) / 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)

268 area = abs(sum(cross(hull([i], hull[(i + 1) % len(hull)])

269 for i in range(len(hull)))) / 2

270 result.update(diameter_m=d * scale, diameter_pair=[world(p) for p in pair],

271 area_m2=area * scale *x* 2,

272 diameter_circle={"center": world(midpoint), "radius_m": d * scale / 2,
273 "max_vertex_distance_m": max_distance * scale,

274 "covers": max_distance <=d / 2 + eps * 4,

275 "coverage_tolerance_m": 4 * eps * scale,

276 "max_excess_m": (max_distance-d/2) * scale,

277 "outside_vertex_indices": [i for i, value in enumerate(distances)
278 if value > d/2 + 4xeps],
279 "witness_vertex": world(hull[witness_index])

280 if max_distance > d/2 + 4*eps else None},

281 minimum_enclosing_circle={"center": world(center), "radius_m": radius * scalel},
282 guaranteed_clearable_at_mec_center=radius * scale <= 20 - eps * scale * 4,
283 clearance_certificate={"model": "angular_intersection_only",

284 "clear_radius_m": 20.0,

285 "numerical_margin_m": 4xeps*scale,

286 "radius_with_margin_m": (radius+4*eps)*scale,
287 "remaining_margin_m": 20-(radius+4*eps)*scale,
288 "center": world(center)})

289 return result

src/mcm26b/geometry/planning. py

1 """Distance certificates for Q2; does not change Ql's angular polygon model."""
2

3 from math import cos, sin, radians, isfinite

4 from .localization import Measurement

5

6

7 def first_bearing candidate_disk(measurement: Measurement,

8 max_range_m: float = 1500,

9 guaranteed_range_m: float = 1000) -> dict:

10 """Enclose the entire truncated first-bearing sector, then erode its disk.
11

12 For half-angle <=45 degrees the sector MEC has center distance and radius
13 a=R/(2xcos(delta)). Intersecting with Omega only shrinks the source set.

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

15 guarantees distance only: directional transmitters may still be invisible.
16 e

17 if any(isinstance(v, bool) or not isinstance(v, (int, float)) or not isfinite(v)
18 or v <= 0 for v in (max_range_m, guaranteed_range_m)):

19 raise ValueError ("I A15 00700 A A FRIEEL")

20 if measurement.half_angle_deg > 45:

21 raise ValueError ("% Ml 15{ LA AN Bl 46 BB 1E")

22 delta, theta = radians(measurement.half_angle_deg), radians(measurement.bearing_deg % 360)
23 a = max_range_m/(2*cos(delta))

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

25 available = guaranteed_range_m-a

26 return {"source_model": "first_bearing_sector_with_range_upper_bound",

27 "sector_enclosing_circle": {'"center": center, "radius_m": a},

28 "sufficient_candidate_disk": {"center": center, "radius_m": available}
29 if available >= 0 else None,

30 "candidate_nonempty_certified": available >= 0,

31 "distance_only": True,
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32 "max_range_m": max_range_m, "guaranteed_range_m": guaranteed_range_m}

src/mcm26b/guarantee/__init__.py

1" IEE s BT (CoveragePlan) . JiE 57 TfGY:

2

30 SHANABRBE ST RIS “coverage™ A FBTA M E B w4 o

4 o

5

6 from .cover import (CERTIFY_HEADINGS, CERTIFY_STEP_M, OMEGA_RADIUS_M,

7 R_EFF_MIN_M, CoverageCertificate,

8 CoveragePlan, PLAN_DIR, VERIFY_HEADINGS, VERIFY_STEP_M,
9 candidate_lattice, coverage_masks, forward_targets,

10 greedy_cover, load_plan, nn_tour_length, omega_positions,
11 plan_instance, plan_names, seven_plan, seven_points,

12 square_49_plan, verify_full_disk, verify_forward_half_disk,
13 verify_plan, write_plan)

14

15 __all__ =1[

16 "CERTIFY_HEADINGS", "CERTIFY_STEP_M", "OMEGA_RADIUS_M", "R_EFF_MIN_M",
17 "CoverageCertificate", "CoveragePlan",

18 "PLAN_DIR", "VERIFY_HEADINGS", "VERIFY_STEP_M", "candidate_lattice",

19 "coverage_masks", "forward_targets", "greedy_cover", "load_plan",

20 "nn_tour_length", "omega_positions", "plan_instance", "plan_names",

21 "seven_plan", "seven_points", "square_49_plan", "verify_full_disk",

22 "verify_forward_half_disk", "verify_plan", "write_plan",

23 ]

src/mcm26b/guarantee/cover.py
TR TSR MRS TMIAR B IR (CoveragePlan) o
PIRBEREE L GBI, AARTIRA)

“Tfull_disk™T (3E=\], 4 AE) : fE s Ab no_signal HEFF B(s, r_eff_min),
"4 5% no_signal —> Tﬁfﬂ?"%ﬁ

“TU B(c, 1000) D Q. fEATIALARE R + R r 1 6 HHHK,

Trt WAIATIXIAIE CCvalidate_seven_coverage™” ZH (AHEHUREEER) .
- ““forward_half_disk™~ (3R, @) : JEARELF LA, no_signal AP

10 HEPRIEA B4, BhRIERA 2R

11 V(p,h) € axs8*, Jc € S: lc-pl < 1000 A (c-p) -u(h) > 077

12 B 700 m JikE 49 sARFEAEAME CRICH A < 1000) |, {HimRLEE

13 AR T R SRS 31, FEFER SRR ] A

O 0 NN N AW N =
I

15 B E (docs/E =PRI 512775 775 . md §2.3) :

16 xRl = BRI + SETPINED. ARDL ISON SERIFIEHNE S CRAESHRR.
17 BRIEL AP EEE ARSERA) L BT R ERARE TR

18 ARIEE MRS GEH R AR T riifl . RSB 2 e .

19 nun

21 from __future__ import annotations
23 import hashlib

24 import json

25 import math

26 from dataclasses import dataclass, field, fields
27 from functools import lru_cache

28 from pathlib import Path

29

30 from ..config import Vec2

31

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

33 R_EFF_MIN_M = 1000.0 # U] FNaREEICER

34 OMEGA_RADIUS_M = 1800.0  # [/iffi] Eﬁﬂﬂiﬂé?*

35 SPEED_MPS = 5.0 # D] PO e BT 5 i JUR% 8 05
36

37 # AR R S IE A ) 3 B AR R SRR S B ﬁ*’*a@%ﬁf

38 # REMIEG W R MRGRAE N EA (SE 100 m/12 RYEIIRHAD)
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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

# 75 m / 24 TF—RAEEBREY 1 s, BHAFRIAZAE, SRR —R.
CERTIFY_STEP_M = 75.0
CERTIFY_HEADINGS = 24
VERIFY_STEP_M = CERTIFY_STEP_M
VERIFY_HEADINGS = CERTIFY_HEADINGS
@dataclass(frozen=True)
class CoverageCertificate:
BT RREEX + B+ R ArhEa.
kind: str # "full_disk" | "forward_half_disk"

target_step_m: float

headings: int

r_eff min m: float

targets: int

uncovered: int

worst_hit_distance_m: float

nn_tour_m: float

generator_sha256: str = ""

# JEPRAL: BN E R AR () o 5 r_eff min m Wil
# R SRAEAE S PRET SRS A ", WL verify forward_half disk.
verify_heading_margin_deg: float = 0.0

Q@property
def valid(self) -> bool:
return self.uncovered == 0 and self.targets > O

def as_dict(self) -> dict:
return {"kind": self.kind, "target_step_m": self.target_step_m,

"headings": self.headings, "r_eff min_m": self.r_eff _min_m,
"targets": self.targets, "uncovered": self.uncovered,
"worst_hit_distance_m": round(self.worst_hit_distance_m, 3),
"nn_tour_m": round(self.nn_tour_m, 1),
"nn_tour_virtual_s": round(self.nn_tour_m / SPEED_MPS, 1),
"generator_sha256": self.generator_sha256,
"verify_heading_margin_deg": self.verify_heading margin_deg}

@dataclass(frozen=True)
class CoveragePlan:

B A+ S ¢ ES (DRRATIER) . v

name: str

problem: int

points: tuple[Vec2, ...]

kind: str # "analytic" | "certified"
coverage: str # "full_disk" | "forward_half_disk"
note: str = ""

certificate: CoverageCertificate | None = None

generator: dict = field(default_factory=dict)

def __len__(self) -> int:
return len(self.points)

def as_dict(self) -> dict:
return {"name": self.name, "problem": self.problem, "kind": self.kind,
"coverage": self.coverage, '"note'": self.note,
"generator": self.generator,
"certificate": (self.certificate.as_dict()
if self.certificate is not None else None),
"points": [[p[0], p[1]] for p in self.points]}

————————————————— e R
omega_positions(step_m: float) -> list[Vec2]:
v RS AR
span = int (OMEGA_RADIUS_M / step_m) + 1
return [(step_m * i, step_m * j)
for i in range(-span, span + 1) for j in range(-span, span + 1)
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109 if (step_m * i) ** 2 + (step_m * j) ** 2 <= OMEGA_RADIUS_M ** 2]

110

111

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

us G, B) HARRHE ALEAE @ B, BRI, v
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 "t radius_m [EIEEN BT ARMRIE S (A RAD) o

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

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

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

125

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

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

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

131

132

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

134 r_eff: float = R_EFF_MIN_M,

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

136 A U G AR OLIERS (Python REEL, L) .

137

138 UL 38 5 25 1RV R AH ARG PO B S / w0 g 1T - 1C) R RIRAR.

139

140 “"r_eff " / "~"heading margin_deg " JExxBiTHiExx: BAMM R My
141 E ALK ™ (FEE < r_eff. FiMJefi < 90°-margin) . {fRHAR
142 A S SRR (p, ) WBE S (S2 ERREL) .

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, ¢j = int(px // r_eff), int(py // r_eff)

150 bit = 1 << t_index

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

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

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

154 cx, cy = candidates[c_index]

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

156 distance_sq = dx * dx + dy * dy

157 if distance_sq > r_eff * r_eff:

158 continue

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

161 masks[c_index] |= bit

162 return masks

163

164

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

166 SO AEGE G B BT B B AR SRR R, R .

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
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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:
BRI R GUERE RS 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]) #*x* 2
192 + (q[1] - position[1]) *x 2)

193 remaining.remove (nxt)

194 total += math.dist(position, nxt)

195 position = nxt

196 return total

197

198

199 # — oo i
200 def _hit_distance(points: list[Vec2], position: Vec2, heading: float,
201 r_eff: float) -> float | None:

202 ST R D) R RS s A AT R ) A SR [ None, MMt

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

204 best = None

205 for (cx, cy) in points:

206 dx, dy = cx - position[0], cy - position[1]

207 if dx * dx + dy * dy > r_eff * r_eff:

208 continue

209 if dx * ux + dy * uy < -le-9:

210 continue

211 distance = math.hypot(dx, dy)

212 if best is None or distance < best:

213 best = distance

214 return best

215

216

217 def _nearest_distance(points: list[Vec2], position: Vec2,

218 r_eff: float) -> float | None:

219 "R R CREORETE) 5 B r_eff PEARmP.

220 best = None

221 for (cx, cy) in points:

222 distance = math.hypot(cx - position[0], cy - position[1])

223 if distance <= r_eff and (best is None or distance < best):
224 best = distance

225 return best

226

227

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

230 r_eff: float = R_EFF_MIN_M,

231 heading_margin_deg: float = 0.0) -> CoverageCertificate:
232 nn I )E SOV (p,h) FEFER YA P A BT R

233

234 ““heading_margin_deg™ " gxkilEASAE bk IR HT ] A = S A IR A
235 "R Y/ < 90° - margin'. 5 CCr_eff T WA I, SRS FAY
236 P B AT e R 28 ] 550 B2 (p' b)) BERAEAE < step - v2/2.
237 JifiZ < 180/headings J&¥, W3

238

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

240

241 BLEERIE lc—p'| < 1000 H (c-p') -uh') > 0, XiFJE: S2 HUft"HFHE
242 el i BRIN O FIRHE BT .

243 mn

244 points = list(points)

245 targets = forward_targets(step_m, headings)

246 table = _bucket(points, r_eff)

247 missing, worst = 0, 0.0

248 sin_margin = math.sin(math.radians(max(heading_margin_deg, 0.0)))
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249 for (px, py, heading) in targets:

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

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

252 best = None

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

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

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

256 cx, cy = points[c_index]

257 dx, dy = cx - px, Ccy - py

258 distance_sq = dx * dx + dy * dy

259 if distance_sq > r_eff * r_eff:

260 continue

261 if dx * ux + dy * uy < sin_margin * math.sqrt(distance_sq) - 1e-9:
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:
277 nEREIANE S Q N SEERE AT RN r_eff BN,

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, c¢j = 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 T R B R SR

303

304 BRI AT #+1EF5 B B RFE S P+ (B2 76 m / 24 £Y) - MBS HIRAE
305 S0 AN R SR 2 U AR GRS BT 4
306 2817 (" load_plan™~ FJ lru_cache) , &Fgbfe I f—lAs.

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 # WEALIESS: HAES B RS /M SO R T (IHIEFERIA

316 # r_eff=1000. margin=0, 5P ORZEM—F) -

317 return verify_forward_half_disk(

318 plan.points, step_m, headings,
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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 # —m—mmmmmm—m—mm——oo - mmmmmmmmmm e - -——= %
327 def seven_points(ring_radius_m: float) -> list[Vec2]:

328 nrefgEdT-Euh s R + b e i

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)]

332

333

334 def seven_plan(ring_radius_m: float) -> CoveragePlan:

335 S AT R ESSIERH validate_seven_coverage M) o """

336 return CoveragePlan(

337 name=f"seven-r{ring_radius_m:.1f}", problem=3, kind="analytic",
338 coverage="full_disk",

339 note=("f#HTIER] max(r/v3, sqrt(R2+r>-v3Rr)) < 1000; "

340 "re[1122.9, 1732] WFRES7, R A0/ INEK Bl BssE ) ,

341 points=tuple(seven_points(ring_radius_m)))

342

343

344 def square_49_plan() -> CoveragePlan:

345 " EEP I HTER): 700 m A% 49 kU GGESRARAE. PREAEIELE SRR o v
346 return CoveragePlan(

347 name="square49", problem=4, kind="certified",

348 coverage="forward_half_disk",

349 note—"l:F‘f[:XTﬁ] 700v2/2989.95<1000 K74 a5t MR/ N 4ER 1.6 f5",
350 ¥ L5 coverage.coverage_points() FE4—E (y HIREN) . fREEHH
351 # F2% grid49_immediate FZNR[E I,

352 points=tuple((700.0 * i, 700.0 * j)

353 for j in range(3, -4, -1) for i in range(-3, 4)))
354

355

356 def _load_plan_file(path: Path) -> CoveragePlan:

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

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

359 if raw_cert:

360 # as_dict() ¥ nn_tour_virtual_s ZEJRAES: HEUEHRE PR B

361 known = {field.name for field in fields(CoverageCertificate)}
362 certificate = CoverageCertificate(

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

365 certificate = None

366 return CoveragePlan(

367 name=payload['"name"], problem=int(payload["problem"]),

368 kind=payload.get ("kind", "certified"),

369 coverage=payload.get("coverage", "forward_half_disk"),

370 note=payload.get("note", ""),

371 certificate=certificate,

372 generator=payload.get("generator", {}),

373 points=tuple((float(x), float(y)) for x, y in payload["points"]))
374

375

376 @lru_cache(maxsize=None)
377 def load_plan(name: str, verify: bool = True) -> CoveragePlan:

378 nRARRINEE TR verify T AR USRS (RN o
379 path = PLAN_DIR / f"{name}.json"

380 if not path.exists():

381 raise FileNotFoundError (f"/fK#¢ %% 35114 {name!r} ({path}) ")

382 plan = _load_plan_ file(path)

383 if verify and plan.kind == "certified":

384 certificate = verlfy_plan(plan)

385 if not certificate.valid:

386 raise ValueError(

387 £ 8 5 {name!'r} ABFTIIRCHS S :

388 f"{certificate.uncovered}/{certificate.targets} 4~ (p,h) RELEE")
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389 plan = CoveragePlan(

390 name=plan.name, problem=plan.problem, kind=plan.kind,

391 coverage=plan.coverage, note=plan.note,

392 generator=plan.generator,

393 certificate=CoverageCertificate(

394 kind=certificate.kind, target_step_m=certificate.target_step_m,
395 headings=certificate.headings, r_eff _min_m=certificate.r_eff min_m,
396 targets=certificate.targets, uncovered=certificate.uncovered,
397 worst_hit_distance_m=certificate.worst_hit_distance_m,

398 nn_tour_m=certificate.nn_tour_m,

399 generator_sha256=(plan.certificate.generator_sha256

400 if plan.certificate else "")),

401 points=plan.points)

402 return plan

403

404

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

406 mgE— NI SCRE TR A SR e e e

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 IR G (FWE) .

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 nERRTE) + ES CERGERATD 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

o O A SRSl (referee A1) HEAARBMLE 5 ML

2

3 EBR (SEITBRIGEKE) -

4 - PRUDIAATLE NI " "referee (F mem26b M) |, B TRMRILGL A RANE:
5 = AR/ BRI referee 1A IEACAH : class: Transport”,

6 JER PR TE NS B 7 % H & B

7

8  IREEVH DL HTTP Wih.; HE{H Source HTF{ET referee 5illitii.

9 nnn

10

from .playback import PlaybackTransport

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

14 from .suites import SceneSpec, suite, suite_manifest

15 from .transport import LocalSimTransport, ScriptedFaultTransport

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

src/mcm26b/harness/playback. py
U g ATBEAT TR RS A I S5 i i B RO TR TR 2 7 i o

2
30 1T PL S AHURZSHLS B MR —8 ORI
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4 (output/ql/practice/*_actions.json) BEMELLE i, %) i E ALY
5 CARZSAIE 2 1] IR 55 s 2% 10 480 2058 25 W) 6 o

6

7 HEEHIBFEICES (0 request_id AN 5 RS AN

8 WMAZHIUE; fEERG RGN ScriptedFaultTransport) o

9 nnn

10

11 from __future__ import annotations

12

13 import json
14 from urllib.parse import urlsplit

15

16 from ..protocol.transport import Transport, TransportResponse

17

18

19 class PlaybackTransport(Transport):

20 ""events: {HZiHid [{path, request, response, ...}, ...], """
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 ("[ulJik H i R A IE R

30 event = self.events[self.index]

31 path = urlsplit(url).path

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

33 raise AssertionError(

34 £ ROREA—E . % 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

1R RAE R (R % ) © ZHE referee.scenes, MLGTABAILE.

2

30 EMEHSEAMIRYE CLT ~--self-test™™ AN, SRMEUH{L ILASILIER IR R ;

4 BRIACR AW U 0 B U R PREAL 10~16 FEAL. ALETE HAREA
s YSMAE . BHEES (1..20 $AE) . ARG [1000,1500] 55,

6 5N, SR IFARIE E T R0

7 mun

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 " HIACEN ProblemConfig HY I % EMLSl & referee i) Speco

19

20 max_real_duration_s YT --self-test MJSZHITHEEI % (BRi\ 1800s)
21 IEARHELR S & /enter JRINAHE. EIHLERINRFEEIE 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,
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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

45

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

47 config: ProblemConfig = ProblemConfig()):

48 e m R D A)s] s 47U EAAE] 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 o AR AR count NP directional ANAEME. "t

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

src/mcm26b/harness/simulator.py
SN T . 4PN ProblemConfig -> referee.LocalSimulator,

PEUALSEINAEMST AL referee (config= ¥ip T spec=) ; A2 HAHLE B,
PEEEA IR S A4k 22 2L " config=ProblemConfig™ " 43, MLEIHLIMI I
:func: “harness.scenes.referee_spec . EIHZM Source JRKH referee.

from __future_

import annotations

O 0 NN AW N —

10 from referee import LocalSimulator as _RefereelLocalSimulator

12 from ..config import ProblemConfig
13 from .scenes import referee_spec

14

15

16 class LocalSimulator(_RefereelLocalSimulator):

17

18 def __init__(self, sources, *, robot_id: str = "2026001",

19 config: ProblemConfig = ProblemConfig(), *xkwargs):
20 super () .__init__(sources, robot_id=robot_id,

21 spec=referee_spec(config), *xkwargs)

src/mcm26b/harness/suites.py

RS SEEGE S = /I I R E R B S S (RS D .

1

2

3 FFERY (docs/H =AML S5i2 75 7% .md §1.4 B6 / §P1-3) :
4 PIMPEE AR 20 Bkl S, i “avg_locate_clear_time_s® fHAT
5 Cvirtual_ time_s”, WIRHESZIEAEATSENT RIS IE. SRR B R 5 Y
6 VDA 58 W IRAEAENE . I ook oAl PTE I ST B R M ——

A B s R 21 Y e e S B R 2

8

9 HAERTEABY S ML B E; Seug Hilid Transport 75 2Ly o

10 nnn

11

12 from __future__ import annotations

13

14 import math

15 from dataclasses import dataclass

16

17 from referee import Source

67



18

20
21
2
23
24
25
26
27
28
29
30
31
kY)
33
34
35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

72
73
74
75
76
77
78
79
80
8

82
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from

..config import ProblemConfig

from .scenes import mixed_scene, random_omni_scene

SUITE_VERSION = 1

# 5

=a) s D RIS R 5 Y%L (seeds 100 - 105 x 10/13/16)

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

Q3_COUNTS = (10, 13, 16)

# BN =R AR (bR 7 48 /1 250

Q4_SEEDS = (200, 201, 202)

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

# REGP PRy : 5 benchmark_q3_bayes.py [l[14%, (RIUEZE MEEiRZETTE I
ERROR_SEED_BASE = 20260910

@dataclass(frozen=True)
class SceneSpec:

def

def

AR BRI WL ERBRT.

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 (SRS 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 IR E S IRATRALT @ IR roeff HUR

SRl A, e DXHREEAN L, ARIN-Lu B s i R TE |
SEDUTR] AR E ) HLE ) e 5 B R (AR TR L R
ARSI IR
nnn
field = config.field
radius = field.omega_radius_m
sources: list[Source] = []
for index in range(spec.count):
angle = math.pi / 6 + 2 * math.pi * index / spec.count
x, y = radius * math.cos(angle), radius * math.sin(angle)
directional = index < spec.directional
sources.append (Source (
channel=index + 1, x=x, y=y, r_eff _m=field.r_eff min_m,
directional=directional,

heading_deg=(math.degrees(angle) % 360.0) if directional else 0.0))

return sources

core_scenes(problem: int) -> list[SceneSpec]:
LR B A

scenes: list[SceneSpec] = []
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88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

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,
error_seed=ERROR_SEED_BASE + seed, count=count,
directional=directional))

return scenes

def boundary_scenes(problem: int) -> list[SceneSpec]:
R AR (B 2 30 10 PR 16 JR) o
if problem ==
return [SceneSpec(f"g3-boundary-n{count}", 3, "boundary", O,
ERROR_SEED_BASE, count)
for count in (10, 16)]
return [SceneSpec(f"q4-boundary-n{count}-d{directionall}", 4, "boundary", O,
ERROR_SEED_BASE, count, directional)
for count, directional in ((10, 5), (16, 8))]

def suite(name: str, problem: int) -> list[SceneSpec]:
R RIS R ¥ core / boundary / all, """
if name == "core":
return core_scenes(problem)
if name == "boundary'":
return boundary_scenes(problem)
if name == "all":
return core_scenes(problem) + boundary_scenes(problem)
raise ValueError (f" RAIZLHESE {name!r} (W% core/boundary/all) ")

def suite_manifest(name: str, problem: int) -> dict:
e EER L A, ). % (B O\ manifest.json) o """
scenes = suite(name, problem)
return {"suite_version": SUITE_VERSION, "suite": name, "problem": problem,
"scenes": [scene.as_dict() for scene in scenes]}

src/mcm26b/harness/transport . py

LSRR SR T <-> ABA Transport 511 + HCEEEAIA

LocalSimTransport {8 referee fJ[ handle_raw (5 HTTP Hk45#sdtHME—
PRSI AR AF MG A, AN gk WS SRR A — 3

- " "drop_before" "  EFRIN, FEARILEKMRSGH (LK)

- “T"timeout_after" "~ JRZ#SELZILIFLERL, HMRFEIS (WA EERFS ML)

- T ("status", n) " fRFGAIRMIIEE HITP IRZEHG (U0 500/429) ;

- ““None™" EH AT

WA FERE —ALRA T

from __future_

_ import annotations
from urllib.parse import urlsplit

from referee.interface import handle_raw

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

class LocalSimTransport(Transport) :
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23
24
25
26
27
28
29
30
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34
35
36
37
38
39
40
41
4
43

45
46
47
48
49
50
51
52
53
54
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56
57
58
59
60
61
62

"N RMGELES] Transport 0T (S HTTP ) o "

def __init__(self, simulator):
# simulator: referee.LocalSimulator (CEHEIEREFLFE ., #BSANTE)
self.simulator = simulator
self .received: list[tuple[str, dict]l] = []

def post(self, url, body, headers, timeout):
return self.request("POST", url, body, headers, timeout)

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

IERIRESRA A A IR AEHEL TCP. UT BRI,

target = urlsplit(url)

raw_target = target.path + (f"7?{target.query}" if target.query else "")

result = handle_raw(self.simulator, method, raw_target,
list (headers.items()), bytes(body),
on_request=lambda path, payload, _res:
self.received.append((path, payload)))

return TransportResponse(result.status, result.body)

class ScriptedFaultTransport (Transport):

" AE A RURER 5 R 2 R

def __init__(self, inner: Transport, script: list):
self.inner = inner
self.script = list(script)
self.sent_requests: list[bytes] = []

def post(self, url, body, headers, timeout):
self.sent_requests.append(body)
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) # Hi45aiC 2
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

=TI e L B SV I NS

wpab DU TR0 RS 5 SO ST

%} belief.CandidateRegion (ff5Pi™iAME, JoikEFBIEM ") HAb:
WRESELFER R IR s 0 BEESEE N 2 FF no_signal HERRALAYIEL AT,
AT SZ 35 Z A M R A B F——

L. BREIER]: EFENSE = WITHEAS = BIELE ™. TREHEKE)

2. BRIUALN : SEAERE R A /NIE RS > romax + #iE = ZIRIELS no_signal,
AP AR HERR . T E BRI (4 s A + 1s #) :

3. FMIMEH: no_signal HERR B(s, 1000), /R AL, FIHS B RIS

FEREVE (R €3, docs/algo-3-bayes.md §2) : #%JE h ff] Voronoi #Hi
m = sqrt(2)/2 - h EMOEEPME— R . i kill HEHNYE o,
1A 24 e S AT S AAH A A A " o BRI AEAS S T 4R 2 A0 & FLE AN B
WA K AT B 51 e e e S B,

- THBEIEFS: MEC(SEFE) .R + m <= 20 - TH4E = HIFEEERA <= 20;

- BB EAENSE = WA

ME 5 A7 PRIl referee.LocalSimulator —%{ [HHiffi]:

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

- direction: BiE <= 1500, sR[AEFIRZE |E-HEE] <= d_eff (HHANHE)
- near: FHES <= 5,

PEREBETT: kill L AiiE 0(1) BEE5: fol P s A DD B 5
| (FREAE CF* ANUIAK) MREEF + BB, RS BRI =5 45 o
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
50
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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

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 # MM kill RIS SR
_DIST_EPS_M = 1e-9
_COARSE_FACTOR = 4 # MG A 4045 2L

try: # numpy {XAF** 0] W 1 5 v s B 2 ERE4E Python
import numpy as _np

except Exception: # pragma: no cover - FBiJG numpy HEZ Python 4337
_np = None

if os.environ.get ("MCM26B_NO_NUMPY"): # 4l Python: X115 MIIBLGIE
_np = None

def angular_gap(a_ deg float, b_deg: float) -> float:

AN LA (B RN S, e
return abs((a_deg - b_deg + 180.0) % 360.0 - 180.0)

def as_sample_array(samples):

o [(x,y), ...] SREEEER (n,2) float64 %(4H; numpy fkZei) R B

TR OURE R x FRHD) AR, RHF CPU MEZITH
(Se 720) o VAR U AN B, A RH AT IR
Fisc 2P (numpy / 4 Python) i SGZENIXfFF, Nl 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:
RRRP S =L v o e 05 A S )R L0 N e B
centroid = members.mean(axis=0)
return float(_np.max(_np.hypot(members[:, 0] - centroid[0],
members[:, 1] - centroid[1])))

class ChannelParticles:

o BB A S

M RHE S Q AT —AEREI S GOk h) RG] CCix o+ e
Ttalive T EETFIEERIIES. WIEAE = BOMHFN <= o FE + BEM
S lAs T, HEILEJE (Ipl <= 1800 [HTH]) FREAGIATERIIEEEN o
“version™ FHAFUUMBRE Y, VAW HEIEFIRAER (MEC, BRHE)

def __init__(self, config: ProblemConfig = ProblemConfig(),
spacing m: float | None = None):
field = config.field
self.config = config
self.spacing_ m = float(spacing_m if spacing_m is not None
else config.bayes.particle_spacing_m)
if not 1.0 <= self.spacing m <= 200.0:
raise ValueError ("4%a|fHZ07E [1, 2001 k")
self.margin_m = self.spacing_m * math.sqrt(2) / 2 # Voronoi ikt
self.r_eff_min_m = field.r_eff_min_m
self.r_eff_max_m = field.r_eff_max_m
self .near_radius_m = field.near_radius_m
self.half_angle_deg = (field.bearing_error_half_deg
+ config.search.bearing_rounding_margin_deg)
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96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
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

# #i [R-m, Reml? MOREAIFESI: % (1,3 BOOOTE

# (x0 + (i+0.5)h, x0 + (j+0.5)h), HULEMENIE K <= h-v2/2 = ik
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 + le-9) *x* 2

self.alive: set[int] = set()

self._coarse: dict[int, int] = {} # HARZETG] > FELFEYIREE
coarse_w = self._coarse_width()

for

i in range(self.width):
x = self.x0 + (i + 0.5) * self.spacing m
for j in range(self.width):
if x * x + (self.x0 + (j + 0.5) * self.spacing m) ** 2 <= limit_sq:
index = i * self.width + j
self.alive.add(index)
key = (i // _COARSE_FACTOR) * coarse_w + j // _COARSE_FACTOR
self._coarsel[key] = self._coarse.get(key, 0) + 1

self.version = 0
self._mec: tuple[Vec2, float] | None = None

o %31 5487

_coarse_width(self) -> int:
return (self.width + _COARSE_FACTOR - 1) // _COARSE_FACTOR

def

def

def

cell_center(self, index: int) -> Vec2:
i, j = divmod(index, self.width)
return (self.x0 + (i + 0.5) * self.spacing m,

self.x0 + (j + 0.5) * self.spacing_m)

discard(self, indices: list[int]) -> None:
e ATERERA T B S I R TR (ORI G

self._discard(indices)

_discard(self, indices: list[int]) -> None:
if not indices:

return

coarse_w = self._coarse_width()

for

index in indices:
if index not in self.alive:
continue
self.alive.discard(index)
key = (index // self.width // _COARSE_FACTOR) * coarse_w \
+ (index % self.width) // _COARSE_FACTOR
count = self._coarse.get(key, 0) - 1
if count <= 0:
self._coarse.pop(key, None)
else:
self._coarsel[key] = count

self.version += 1

self._mec = None

B oo XL 7
_kill_disk(self, center: Vec2, radius_m: float) -> None:

nrHERAR D BE center <= radius_m HYAEFEEAAAR CEEASHAME WAHUERE) o v
if not self.alive:

return

reach = radius_m + _DIST_EPS_M

ilo
ihi
jlo
jhi

= max(0, int(math.floor((center[0] - reach - self.x0) / self.spacing_m)))
= min(self.width - 1,

int (math.ceil((center[0] + reach - self.x0) / self.spacing_m)))
= max(0, int(math.floor((center[1] - reach - self.x0) / self.spacing_m)))
= 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
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166 if index not in self.alive:

167 continue

168 dy = self.x0 + (j + 0.5) * self.spacing m - center[1]

169 if dx * dx + dy * dy <= limit_sq:

170 doomed . append (index)

171 self._discard(doomed)

172

173 def _kill_outside_disk(self, center: Vec2, radius_m: float) -> None:
174 RS OB center > radius_m M)A¥REAAAE (RSN o v

175 if not self.alive:

176 return

177 reach = radius_m + _DIST_EPS_M

178 doomed = [index for index in self.alive

179 if math.dist(self.cell_center(index), center) > reachl]
180 self._discard(doomed)

181

182 def _kill_outside_wedge(self, station: Vec2, reading deg: float) -> None:
183 R R S AR Y O_eff + AIMAS KRN TG

184

185 Mk E = asin(m / max(dist-m, 1)): MEPAT— s XA OB 77 L

186 2R Y GREEN AOE T FHE o, SO BER NS m) .

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  # AR A& AT CLAT R AR TS . 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 "ECE A . AR MR Voronoi MEIRIE (BLHUTRE)

208

209 ““directional=True " ((EPUJ]) : no_signal **ASH%SS [A] 5k wx—— & A JE
210 PR IR T SR I I GRS, PPN 2 [t Sy M LA s W e 4 B

211 :class: ~mcm26b.belief. joint.JointBelief" A

212 e

213 if result == NO_SIGNAL:

214 if directional:

215 return

216 # no_signal = dist > r_eff >= 1000: &% N\ B(s, 1000-m) FAIfH.
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 AL/ svd_deg")

223 # direction [@# dist <= r_max [JJifi]

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 (£" JRHII[H 455 : {result!r}")

228

229 B i
230 def __len__(self) -> int:

231 return len(self.alive)

232

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

234 sorted_alive = sorted(self.alive)

235 if limit is not None and len(sorted_alive) > limit:
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236 step = len(sorted_alive) / limit

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

238 for k in range(limit)}

239 indices = sorted(indices)

240 else:

241 indices = sorted_alive

242 return [self.cell_center(index) for index in indices]

243

244 def nearest_alive_distance(self, point: Vec2, limit_m: float) -> float | None:
245 R SEAAROBEES s > limit_m IfIRE] None CHUMEIAH + FHIIED o

246

247 RIEETE S R BOREEEMS OER (B <= linit_m) ; None F/RFTH

248 EFHE O linit_n, HARAPECINEEE, i,

249 e

250 if not self.alive:

251 return None

252 coarse_cell_m = self.spacing m * _COARSE_FACTOR

253 coarse_reach = coarse_cell_m * math.sqrt(2) / 2

254 cw = self._coarse_width()

255 ci_base = int(math.floor((point[0] - self.x0) / coarse_cell_m))

256 cj_base = int(math.floor((point[1] - self.x0) / coarse_cell_m))

257 ring_max = int(math.ceil((limit_m + coarse_reach) / coarse_cell_m)) + 1
258 best: float | None = None

259 for ring in range(ring _max + 1):

260 lower_bound = max(0.0, ring - 1) * coarse_cell_m - coarse_reach

261 if best is not None and lower_bound >= best:

262 break # HANAHITEIGOES >= R >= YETHRA

263 for ci in range(max(0, ci_base - ring), min(cw - 1, ci_base + ring) + 1):
264 for cj in range(max(0, cj_base - ring), min(cw - 1, cj_base + ring) + 1):
265 if max(abs(ci - ci_base), abs(cj - cj_base)) != ring:

266 continue # MY E[IF (Chebyshev #f)

267 if (ci * cw + cj) not in self._coarse:

268 continue

269 ccx = self.x0 + (ci + 0.5) * coarse_cell_m

270 ccy = self.x0 + (cj + 0.5) * coarse_cell_m

271 if math.hypot(ccx - point[0], ccy - point[1]) \

272 > limit_m + coarse_reach:

273 continue

274 i0, jO = ci * _COARSE_FACTOR, cj * _COARSE_FACTOR

275 for i in range(iO, min(iO + _COARSE_FACTOR, self.width)):
276 base = i * self.width

277 for j in range(jO, min(jO + _COARSE_FACTOR, self.width)):
278 index = base + j

279 if index not in self.alive:

280 continue

281 dist = math.dist(self.cell_center(index), point)
282 if dist <= limit_m and (best is None or dist < best):
283 best = dist

284 return best

285

286 def guaranteed_no_signal(self, station: Vec2) -> bool:

287 " ERS SR > r_max (>= r_eff) = @b no_signal, W THEFH. "
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 mensE AR ME R (B, ) o #% version ZBff. "M

293 if self._mec is None:

294 if not self.alive:

295 raise ValueError ("S2{74E R4 (IZMIE CUATIERAGRE ) ")

296 points = [self.cell_center(index) for index in self.alive]

297 self._mec = smallest_enclosing_circle(points)

298 return self._mec

299

300 B o EJsRE

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

0 T S TR (R FAR R, RS o

303 return self.alive_points(limit=size)

304

305 i ALy (TE)



306 def _expected_survival_vector(self, point: Vec2, sub, representatives) -> float:

307 nnnsexpected_survival® ™ [ EALSZIE (54l Python [RZE»ZEIEX) o """

308 count = len(sub)

309 eps = 1.0 / count

310 dx, dy = sub[:, 0] - point[0], sub[:, 1] - point[1]

31 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)

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 FiiE b ZEl, "

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[Nomne, :] <= 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 SEFEELY ¢ BNZ I A A EAE B AR K

359

360 r_eff ANHEMMAS: dist€(1000,1500] W% r_eff~U(1000,1500)

361 Bl p_ns=(dist-1000)/500 }j no_signal 4} HfZK.

362 - no_signal 433: M B(point, 1000-m), ZfF = F-REEFEANLE];

363 - direction 4% LUREMA AWM, fk N Blpoint,15004m) IR

364 - near 4;% (dist <= 5+m) : B[fFHEILLHE] 5m £, FAF BT 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)
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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

389 gap = angular_gap(math.degrees(

390 math.atan2(p[1] - point([1], p[0] - point([0])),

391 math.degrees(reading))

392 if gap <= self.half_angle_deg + _ANG_EPS_DEG:

393 survivors += 1

394 keep_dir = max(survivors / len(subsample), eps)

395 total += p_ns * log_keep_ns + (1.0 - p_ns) * math.log(keep_dir)
396 return total / max(len(representatives), 1)

397

398 def fraction_within(self, samples, point: Vec2, radius_m: float) -> float:
399 if len(samples) ==

400 return 0.0

401 reach = radius_m + _DIST_EPS_M

402 if _np is not None and isinstance(samples, _np.ndarray):

403 distance = _np.hypot(samples[:, 0] - point[0], samples[:, 1] - point[1])
404 return float(_np.count_nonzero(distance <= reach)) / len(samples)
405 count = sum(l for p in samples if math.dist(p, point) <= reach)

406 return count / len(samples)

407

408 def _branch_radius(self, members) -> float:

409 T RRIE BRI A RSO HRARR (0@, % Welzl) . "
410 if len(members) ==

411 return 0.0

412 if _np is not None and isinstance(members, _np.ndarray):

413 return _branch_radius_array(members)

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

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

416 return max(math.hypot(p[0] - mx, p[1] - my) for p in members)

417

418 def expected_posterior_radius(self, point: Vec2, subsample,

419 representatives) -> float:

420 ne—REE R EE R OR) - iR SRR, EIREERIETEE.

421

422 SHFARFAR S (%) #% r_ef£~U(1000,1500) fRHTALS)

423 no_signal/direction 4}, near 433 (dist <= 5+m) J5¥: 4 5m 4%

424 B oy SR R SEAE T RAFR BOO IR BE RS I (22 << A%EE. HEFRD o

425 5JUAIRR worst-posterior [k, {EARMI T GOMmAR N £ 4

426 HUUPR AR IR (RE R SR T

427 e

428 if not self.alive or len(subsample) == O or len(representatives) ==
429 return 0.0

430 if _np is not None and isinstance(subsample, _np.ndarray) \

431 and isinstance(representatives, _np.ndarray):

432 return self._expected_posterior_radius_vector(

433 point, subsample, representatives)

434 eps_radius = self.spacing . m / 2.0

435 total = 0.0

436 for rep in representatives:

437 dist = math.hypot(rep[0] - point[0], rep[1] - point[1])

438 if dist <= self.near_radius_m + self.margin_m:

439 total += self.near_radius_m + self.margin_m

440 continue

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

442 / (self.r_eff_max_m - self.r_eff_min_m)))
443 members_ns = [p for p in subsample

444 if math.dist(p, point) > self.r_eff_min_m - self.margin_m]
445 reading = math.atan2(rep[1] - point[1], rep[0] - point[0])
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446
447
448
449
450
451
452
453
454
455
456
457
458

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)

src/mcm26b/planner/__init__.py

O 0 NN R W N =

"""P3/P4/P5 HMKJZ: EFMER. AW E YR,

P3 E I (Bl PRIEIRENE S Q ZSIR{k; near 433%) ¢

- K1 =0 N W(st, #1286) N B(sl, 1500); ZEAARBEMIET L
geometry.planning.first_bearing_candidate_disk (§<=1.005° H}iE=)

- FEPRIESEI R B(mec_center, 1000-p) WINERARGEZER, L
”E'iTFL@@.ﬂéé"ﬁITHh\ RN R KRR ;

- RFERBAEN (BFRBAR A x SR . SRS RINME T
e thfilt; S fEte 174 BRI S AL FHREUE

- iRl near Wf: RIEJHTE Bm PN, EHINYHIMHIESHK /clear,

P4 Al HER (30 10/16/0 P, WA PEHEARGHFREN) -

%I (coverage.CoverageLedger) - i (belief L&) ~ JHkx - L
@ Jexite ARAE " CIEBREBUEAARAALE" 5 AT RIIR TP
persistent_searchitf R HAREIRIGE , BRI AL (FEFREGE 16 /
LHFEFEIR /| BRLERBARL) . completed FRIESIEMIEM (450
M43 45164 CLEARED/ABSENT Hribli) ; accounted_virtual_time_s ifsf
T UGIERI A I RIS 20, 5 B BRI 45 A LT

Wride /DU SPAEVERESR A I R R 1 Jexit FFPE AR SE K summary
(stop_reason (CHIBIZI], FHZMGERASYIR) . AHRERSIE.

P5 EY R (MBARAERR)
- 49 N EM R BURSIERT R PR AR RSE (EAE RGN, R L2
EEDAT) - BN BORX A JHZEA

- {RIEHAEE N no_signal A8 GERYRE DUWIUHERL] - Mg IC A
"SRINE B, SRR E G B AR AN A e (LRSI

~ SENAE R XA PR SR <=20m FFRE#E % (fallback_clear_cells) ,
BB G EM /clear (FEMFSETIMILIE)  AREUHRE N s HUE A L B Bkit
HMAREH.

from __future__ import annotations
import math
from dataclasses import dataclass

from ..belief import (BeliefState, CandidateRegion, ChannelStatus,
InconsistentBelief, clip_halfplane)

from ..belief.joint import JointBelief

from ..config import ProblemConfig, Vec2

from ..coverage import CoveragelLedger

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:
A a §RIED b BITRCA (0-360, 0 S x IEJI. PR o
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54 return math.degrees(math.atan2(b[1] - a[1], b[0] - a[0])) % 360.0
55

56

57 def _error_brief(exc: BaseException) -> dict:

® USRS (swmary BRI : KMA + RETHEE. "

59 return {"type": type(exc).__name__, "message": str(exc) [:500]}
60

61

62 @dataclass(frozen=True)
63 class SecondPointPlan:

64 R R R R S AR (P3 i) o
65

66 position: Vec2

67 worst_posterior_radius_m: float

68 move_cost_s: float

69 reason: str

70

71

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

o UEERET: BESAMIEE (RIEMRE) T 2om WL,
75

76 channel: int

77 center: Vec2

78 radius_m: float

79 limit_m: float

30 certified: bool

81

82

83 def clear_certificate(region: CandidateRegion, channel: int,

84 config: ProblemConfig = ProblemConfig()) -> ClearCertificate:
85 ""p_poly <= 20 - IMIITMIRZE - TERE ARIFLEBRE. "

86 center, radius = region.mec()

87 limit = (config.field.clear_radius_m - region.slack_m

88 - config.search.clear_margin_m)

89 return ClearCertificate(channel, center, radius, limit, radius <= limit)
90

91

92 def candidate_points(center: Vec2, safe_radius_m: float, rings, angles: int) -> list[Vec2]:
93 BRGS0+ BLRBIPRE < 5 . e

94 points = [tuple(center)]

95 for fraction in rings:

96 radius = fraction * safe_radius_m

97 if radius <= 1le-9:

98 continue

99 step = 2 * math.pi / angles

100 for k in range(angles):

101 angle = step * k + step / 2

102 points.append((center[0] + radius * math.cos(angle),

103 center[1] + radius * math.sin(angle)))

104 return points

105

106

107 def _worst_posterior_radius(region: CandidateRegion, q: Vec2,

108 witnesses: list[Vec2], half_angle_deg: float,
109 near_radius_m: float, disk_sides: int) -> float:
110 OSSR g, DT BARAR R < EE 3 IR S I AL 2 AR

111

112 P37 direction FIXIANGE @ (g)+d (2B ¢ MIRAFIEED |

113 LI} near——BJ&7E q MY near_radius_m 54 B(q, near) NfiEitfE.

114 PRAEFZIE A no_signal AARERLE, BAKZEIELS XK.

115 XA KA, AR AR EIER] [T

116 A

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:
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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) HEEEARMA: near 43 AW AL L, 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]  # JCATRLRHE SN 1B 0] 24 245

135 return max(posterior_radii)

136

137

138 def safe_disk_radius(region: CandidateRegion,

139 config: ProblemConfig = ProblemConfig()) -> float:

140 nnEIEKE B(mec, safe) [AAfE; <0 FERILIEE (p it NERCEE) .

141

142 FEPMAEE R BRI AR R <= safe + p + 1e-3 < 1000 <= Fu/MEKCEE,

143 W ZRIE#] direction/near., 1mm Z{{H 4 EE R IF S IHE r_eff=1000 FHE

144 #|74 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 O RIE BRI R AR R (P Al WMEEBEEEAD) .

152

153 PRIEEEIC S B(mec_center, 1000-p): AT S BRSNS E

154 <= (1000-p) + p = 1000 <= fF/NMEWELE, s RILE] direction/near,

155 AR —IK no_signal, p>1000 BfiRfKAFRE MEC B> (W[ no_signal) .

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 F{HAEAE safe_disk_radius Hichk.

165 safe_radius = safe_disk_radius(region, config)

166 if safe_radius < O:

167 return SecondPointPlan(tuple(center), radius, move_cost(center),

168 TR (p>1000) ¢ & MEC [y, A[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 = (£"%4:7% B(centre,{safe_radius:.0f}m) [ {len(samples)} fik; "
184 ORI EY: {best_worst:.1fIm, 1/4 [A|PEN25E % {dense:.1f}m")
185 return SecondPointPlan(tuple(best_point), dense, move_cost(best_point), reason)
186

187

188 def select_second_point(client: SimulatorClient, first_position: Vec2,

189 first_bearing_deg: float,

190 config: ProblemConfig = ProblemConfig()) -> SecondPointPlan:
191 ""'P3 NM: MK direction i K1, iR MICRIEFENCHEE R MT 5. "

192 region = CandidateRegion.initial(first_position, config)

193 half_angle = config.field.bearing_error_half_deg \
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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 R34 ) R I A TE R R IR (P4 B + FREHEER)

201

202 Hif7URZ) SimulatorClient: PIERYELYE 49 MRS X451 UNKNOWN #5ij&

203 Kl KB direction B NIZAGERYEN FIEER (- M- 8-

204 HEATER) . near FHENGFR. AiiiE " CiEBREGER AR 544

205 ““search.persistent_search™ " (BRASGH]) WFEHEH

206 RIHERMGE, EEHREGE 16, SHHEFR S B L2 RxEA L,

207 stop_reason CRIEIALE R ; " completed™ ™ FIR(TSIEIAZE L

208 (45745955 1Y CLEARED/ABSENT HIGH ) . 5 & HFIpRAT A"

209 FHH ST : accounted_virtual_time_s (ol UCIE AR A B LN Z1 o

210 e

211

212 def __init__(self, client: SimulatorClient,

213 config: ProblemConfig = ProblemConfig()):

214 self.client = client

215 self.config = config

216 self.belief = BeliefState(config)

217 # EHTRE ATEAE R AT TR SRR BRI BRI DR

218 # i 49 fiK (grid49_immediate FELRIIRAAE) , &AM 1178 7o
219 self.coverage_plan = square_49_plan()

220 self.ledger = CoveragelLedger(config, points=list(self.coverage_plan.points))
221 self.cleared: list[int] = []

222 self.anomalies: list[dict] = []

223 self.stop_reason: str | None = None

24 # BHURBEIERI (pf_empty / coverage) . HEHTHH5IECEAKEM.
225 self.absence_evidence: dict[int, str] = {}

226 # ") 0.5m PR x [ —ME" AR RV P bR T SR

227 # 47 98.84% BRI HAETER EH b, ATHECRIZ IS B )T HE bR o

228 self.redundant_rescan_measures = 0

229 # E UGB EERE Y C S EREOE AT RN 2] (FAEl]) -

230 self.accounted_virtual_time_s: float | None = None

231 # JEHARIE /clear JRIKFLASEANUTHE K, #EG /LR —iE L

232 # SUEIHFE 3 B/ IR R o

233 self. _may_clear: set[int] = set()

234 # W /P R/ SPIEVE R it BRI RN, RSN summary.,

235 self._abort_detail: BaseException | None = None

236

237 # —mmmmmooooooooo e T
238 def run(self) -> dict:

29 PRI, AT SEREAAUR S Jexit JEPOHY summary, ARHBME LG,
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"
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264 else:

265 self.stop_reason = "protocol_error"

266 except Exception as exc: # EANFHRIFAE. AW /exit SRS
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:  # fZITAAI]: 05577 A e Otk

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

279

280 B oo TS5 LR
281 def _min_virtual_reserve(self) -> float:

282 SRR LRI OR S T, T R A

283

284 R =2 x iR 7 B + AR+ i (Wl A B E

285 PR X ZAMIATAEST) o BB EEH S TEhA s AR R DRIIE R e

286 /N, A e LSS BUR S — AN BIETIT Al Rz 100 /N E R

287 e

288 reach = max((math.dist((0.0, 0.0), point) for point in self.ledger.points),
289 default=0.0)

290 action_bound = (2.0 * reach / self.config.cost.speed_mps

291 + self.config.cost.measure_s + self.config.cost.switch_s)
292 return max(self.config.search.virtual_reserve_s, action_bound)

293

294 def _virtual_cap_reached(self) -> bool:

295 BRI R RN R . stop_reason FEiR[H True, AT RIS

296

297 KEMRTHIRIMEFEN & (W, :meth: _min_virtual_reserve™) ,

298 “search.virtual_reserve_s=10000s"~ [T 2] 3L, HEG ML

299 FiifF2 §4.5 [ 100 /N b FRBIASEIDIAR S ] 45 2R

300 e

301 if (self.client.state.virtual_time_s + self._min_virtual_reserve()
302 < self.config.field.max_virtual_duration_s):

303 return False

304 self.stop_reason = "virtual_time_cap"

305 return True

306

307 def _all_accounted(self) -> bool:

308 return all(belief.status in (ChannelStatus.CLEARED, ChannelStatus.ABSENT)
309 for belief in self.belief.channels.values())

310

311 def _record_accounted(self) -> None:

312 R R EE Y IR RREGE AR I 2 R (FRAE) o

313 if self.accounted_virtual_time_s is None and self._all_accounted():
314 self.accounted_virtual_time_s = self.client.state.virtual_time_s
315

316 # mmmmmmmmmmoo- e T --- BB
317 def _pending_ channels_at(self, index: int) -> list[int]:

318 return [channel for channel, belief in self.belief.channels.items()
319 if belief.status is ChannelStatus.UNKNOWN

320 and not self.ledger.measured_at(channel, index)]

321

322 def _next_point_index(self) -> int | None:

323 "] UNKNOWN A5 PRI B A (FOORESS [TA) o o

324 position = self.client.state.position

325 best_index, best_distance = None, 0.0

326 for index, point in enumerate(self.ledger.points):

327 if not self._pending_channels_at(index):

328 continue

329 distance = math.dist(position, point)

330 if best_index is None or distance < best_distance:

331 best_index, best_distance = index, distance

332 return best_index

333
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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)
if outcome.result == DIRECTION:
self._localize_and_clear(channel)
elif outcome.result == NEAR:
region = self.belief.candidate_set(channel)
cert = clear_certificate(region, channel, self.config)
if cert.certified:
self._attempt_clear(channel, cert.center, cert)
else: # MR L RKRA (near fEIENAE Bm) : fRSFICT
self._anomaly("near_without_certificate", channel,
position=point)
if self.stop_reason is not None or self._count_limit_reached():
return

B ZEe
def _persistent_phase(self) -> None:

g HONUE CE IR AE AR RS E . DI UK 2026-09-111,

SRS (DETECTED 4k&LaE(;, ABSENT 4xRIME I, Fhtkflas
W BIE R RSE) . HIEEREGE 16 BRI eRE AR,
ST % i DeadlineExceeded YUK (FAFIFRMIAIE) .
while self.stop_reason is None:
if self._count_limit_reached():
return
if self._virtual_cap_reached():
return
self._persistent_round()

def _persistent_round(self) -> None:
n— AT AT B AR S R A
measured: set[tuple[int, 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))
was_absent = (self.belief.channels[channel].status

is ChannelStatus.ABSENT)
outcome = self.client.measure(point, channel)
self.belief.update_measure(channel, point, outcome.result,
outcome.svd_deg)
if was_absent and outcome.result in (DIRECTION, NEAR):
# S DAREEN 7 SR - SPEVE R, ORI E AL R
self._anomaly("absent_detected_on_resweep", channel,
position=point, result=outcome.result)
if outcome.result == DIRECTION:
self._localize_and_clear(channel)
elif outcome.result == NEAR:
region = self.belief.candidate_set(channel)
cert = clear_certificate(region, channel, self.config)
if cert.certified:
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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 AT RIS ERUE R D B R R (BLORIEAR [TARD) o e

413 position = self.client.state.position

414 best_index, best_distance = None, 0.0

415 for index, point in enumerate(self.ledger.points):

416 if not self._resweep_channels_at(index, measured):

417 continue

418 distance = math.dist(position, point)

419 if best_index is None or distance < best_distance:

420 best_index, best_distance = index, distance

421 return best_index

422

423 def _resweep_channels_at(self, index: int,

424 measured: set[tuple[int, int]]) -> list[int]:
425 return [channel for channel, belief in self.belief.channels.items()
426 if belief.status is not ChannelStatus.CLEARED

427 and (channel, index) not in measured]

428

429 def _count_limit_reached(self) -> bool:

430 if len(self.cleared) >= self.config.field.source_count_max:

431 self.stop_reason = "sixteen_cleared"

432 return True

433 return False

434

435 e e A
436 def _localize_and_clear(self, channel: int) -> bool:

437 mENL TR g IR SR A, B EERIE ) R

438

439 SRR BT SAERERAI SN+ DETECTED 1% 4.

440 PENA R IZATGE NI —K direction AL, SRR,

441 e

442 search = self.config.search

443 self._may_clear.add(channel)

444 for _ in range(search.max_localize_steps):

445 if self._virtual_cap_reached():

446 return False

447 region = self.belief.candidate_set(channel)

448 if region is None:

449 return False

450 cert = clear_certificate(region, channel, self.config)

451 if cert.certified and channel in self._may_clear:

452 if self._attempt_clear(channel, cert.center, cert):

453 return True

454 self._may_clear.discard(channel)

455 continue

456 plan = select_measurement_point(region, self.client.state.position,
457 self.config)

458 outcome = self.client.measure(plan.position, channel)

459 self .belief.update_measure(channel, plan.position, outcome.result,
460 outcome.svd_deg)

461 self._may_clear.add(channel)

462 if outcome.result == NO_SIGNAL:

463 self. _anomaly("no_signal_in_safe_disk” , channel,

464 position=plan.position, detail=plan.reason)
465 return self.belief.channels[channel].status is ChannelStatus.CLEARED
466

467 def _attempt_clear(self, channel: int, target: Vec2,

468 cert: ClearCertificate) -> bool:

469 outcome = self.client.clear(target, channel)

470 if outcome.result == CLEAR_SUCCESS:

471 self.belief.mark_cleared(channel)

472 self.cleared.append(channel)

473 return True

&3



474 if cert.certified:

475 self._anomaly("clear_failed_with_certificate", channel, position=target,
476 radius_m=round(cert.radius_m, 3), limit_m=cert.limit_m)
477 return False

478

479 def _anomaly(self, kind: str, channel: int, **detail) -> None:

480 e Sl RTESPIEPERHT DG 0 I B R IRE PR Ry Rl B

481 recorded = sum(l for item in self.anomalies if item["channel"] == channel)
482 if recorded >= self.config.search.max_anomalies_per_channel:

483 return

484 self.anomalies.append({"kind": kind, "channel": channel, **detaill})
485

486 B oo R

487 def _mark_absent_after_coverage(self) -> None:

488 nr A EEEIER] . 2 MARTCAE no_signal PRACHIEANAFIEN D@1, v
489 for channel, belief in self.belief.channels.items():

490 if belief.status is ChannelStatus.UNKNOWN \

491 and self.ledger.coverage_complete(channel):

492 self.belief.mark_absent (channel)

493 self.absence_evidence[channel] = "coverage"

494

495 def _resolve_detected(self) -> None:

496 "R SERUR . XA IEERIY DETECTED AJUHE M 40 E L.

497

498 AFHTEM R EF I R RN _persistent_phase #77,

499 FERFEEA A run() fKIE _all_accounted H|5E all_resolved.

500 e

501 for channel in self.belief.channels_by_status(ChannelStatus.DETECTED) :
502 if self._count_limit_reached() or self._virtual_cap_reached():
503 return

504 self._localize_and_clear(channel)

505 if self.stop_reason is not None:

506 return

507

508 def _summary(self, info) -> dict:

509 mngE R info O None FR Jexit RARSEML (WNiE4E) , HRZEM LIR.
510

511 completed = JG 'l HA5 TS & 45iiE 44 CLEARED/ABSENT (fE45IEFASE) 5

512 stop_reason FITICRIEIALE AR E (FRalE FIR NEH &

513 virtual_time_cap / real_budget_exhausted / sixteen_cleared) .

514 e

515 events = self.client.log.action_events()

516 stats = summarize(events)

517 report = recompute_virtual_time(events)

518 steps = self._step_report()

519 cleared = self.belief.channels_by_status(ChannelStatus.CLEARED)

520 absent = self.belief.channels_by_status(ChannelStatus.ABSENT)

521 resolved = set(cleared) | set(absent)

522 unresolved = [channel for channel in sorted(self.belief.channels)
523 if channel not in resolved]

524 virtual_time_s = round((info.virtual_time_s if info is not None

525 else self.client.state.virtual_time_s), 3)
526 # JEEREGE 16 RPECE: FRHIEH (RARSUE ISR HEA AT REA )

527 # 730 BER 4348 CLEARED/ABSENT,

528 completed = (self._abort_detail is None

529 and (len(self.cleared) >= self.config.field.source_count_max
530 or not unresolved))

531 # SERURIE AU A X S A B 5 R GE B /T BRIER

532 # SIS SCEHITA 16 JEEINTIR AR .

533 if self._abort_detail is not None:

534 completion_basis = "incomplete"

535 elif len(self.cleared) >= self.config.field.source_count_max:

536 completion_basis = "count_cap"

537 elif not unresolved:

538 completion_basis = "per_channel_proof"

539 else:

540 completion_basis = "incomplete"

541 summary = {

542 "completed": completed,

543 "completion_basis'": completion_basis,
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def

"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,

"absent_channels": absent,

"unresolved_channels": unresolved,

"absence_evidence": {str(channel): self.absence_evidence[channell]

for channel in sorted(absent)},

"redundant_rescan_measures'": self.redundant_rescan_measures,

"measures": stats["measures"],

"clears": stats["clears"],

"clear_success": stats["cleared"],

"total_requests": stats["measures"] + stats["clears"],

"move_distance_m": round(stats["distance_m"], 1),

# U O BN (SRERI) /7 BiERTHREAN 4

"avg_locate_clear_time_s": (round(virtual_time_s / len(cleared), 3)

if cleared else None),

"step_totals": steps["totals"],

"steps": steps["rows"],

"anomalies": self.anomalies,

"virtual_recompute_mismatches": len(report["mismatches"]),

"channel_status": self._channel_status_snapshot(),

}
if self._abort_detail is not None:

summary ["abort_detail"] = _error_brief(self._abort_detail)

return summary

_step_report(self) -> dict:
mngg B A DR ELE 2026-09-111: SEALRESD + LI EERT 45, e
totals = {"count": 0, "real_elapsed_total_s": 0.0,
"real_since_enter_total_s": 0.0,
"virtual_move_s": 0.0, "virtual_switch_s": 0.0,
"virtual_measure_action_s": 0.0, "virtual_clear_action_s": 0.0,
"virtual_total_s": 0.0}
rows = []
for index, step in enumerate(self.client.log.step_events()):
cost = step["virtual_cost"]
totals["count"] += 1
totals["real_elapsed_total_s"] += step['"real_elapsed_s"]
totals["real_since_enter_total_s"] = step.get(
"real_since_enter_s", totals["real_since_enter_total_s"])
totals["virtual_move_s"] += cost["move_s"]
totals["virtual_switch_s"] += cost["switch_s"]

if step["path"] == "/measure":
totals["virtual_measure_action_s"] += cost["action_s"]
elif step["path"] == "/clear":

totals["virtual_clear_action_s"] += cost["action_s"]

totals["virtual_total_s"] += cost["total_s"]

rows.append({"index": index, "action": step["path"]l.lstrip("/"),
"result": step.get("result"),
"channel": step.get('channel"),
"position": step.get("position"),
"real_elapsed_ms": round(step["real_elapsed_s"] * 1000.0, 3),
"real_since_enter_s": step.get("real_since_enter_s"),
"move_s": round(cost["move_s"], 3),
"switch_s": round(cost["switch_s"], 3),
"action_s": round(cost["action_s"], 3),
"step_virtual_s": round(cost["total_s"], 3),
"virtual_time_s": step["virtual_time_s"13})
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def

for key, value in totals.items():
if isinstance(value, float):
totals[key] = round(value, 3)
return {"totals": totals, "rows": rows}

_channel_status_snapshot (self) -> dict:
mBEARAS TR PR IN R SEBCIR S B RY (BERE—4%) o
snapshot = {}
for channel, belief in sorted(self.belief.channels.items()):
entry = {"status": belief.status.value}
if belief.region is not None:
entry["posterior_radius_m"] = round(belief.region.mec()[1], 3
snapshot [str(channel)] = entry
return snapshot

class DirectionalExtension(OmnidirectionalLoop) :

n AR A IR IS (PS) ¢+ AniFEA + ERILIMIALEE + )RS IERR.

5

P4 = HER (PN docs/BhsHN % 5 RASHL . nd §7)

- 49 '111&m1D’J&Ifuf;ﬁlﬂ_x.lKEI”J(J?I”J’{‘(T‘ZAL B BOR X 43 2R A

- PRAEHN SN A no_signal JAE s FIBERMERE DULIIARERLD - 205008
LA MBI E R, BT MEC ELOBONERIR R IRE L RIEL
AR RS e GLTIEANERM)

- BN (BB EA REARBHERIED) WS <=20m ARRES#ES,

s

X JEIEM /clear: TSERGWIMEC DEIA] . JE5E M IRA

A DR 58 5 5 o ARBORIRE TR BB L B A I M Bkt I B, AR E 4.

def __

def

init__(self, client: SimulatorClient,

config: ProblemConfig = ProblemConfig()):
super () .__init__(client, config)
# PO-2: DU Y2 W] —(RE N B4R GBRIA g4_mincover_vi) .
self.coverage_plan = plan_instance(config.search.q4_coverage_p1an,

verify=config.search.verify_coverage_plan)

self.ledger = CoveragelLedger(config, points=list(self.coverage_plan.points))
self.directional_observed: list[int] = [] # LI 2] 72 1o P A
self.blocked_probes: dict[int, list[Vec2]] = {}
self.fallback_log: list[dict] = [] # TR IR
# PO-3: (fif x HM) BEATWATE, (UFEMGE B KA WS rEET,
# i HAIAI S ST A A A 1 S A AR R 1) 5 AR o
self.joint: dict[int, JointBelief] = {}
self.joint_absent_channels: list[int] = []
self.visibility_probes = 0 # FIRA (S ST IR L

_coverage_phase(self) -> None:

" A9UN IR E M B EIE RS . BRUGSEERAT I, PSS TR B .

AR I —A i)?f‘L?T?Hf‘% T38RI i) A 0 N B
no_signal AT MZS ML . AN 58 = 0] -Eal B e R .
nnn
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():
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def

def

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

_localize_and_clear(self, channel: int) -> bool:

mSERL TRV G N BRI SRR . SRR B R R

5 Pa 1yZESE: PRIEBCELNT no_signal 5 FAH SR 1) JEERY
COLINAERET . B RRRERE —> R THRE T ORI N ERLEL
i max_blocked_probes PRii) . ZJEAANLSI L 5+
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)  # JE-P3ZRIiC: MG A A] HEix
continue
if len(self.blocked_probes.get(channel, [])) >= search.max_blocked_probes:
break  # BT HRNHGER: AT, 5 &TER
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 # HAMLESWARRRIER AL, AHILHE E
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:
m R TR TE S (RLE x WD) HRE AT AR

BEASE R EE S W E W (direction/near) H#EST: MARWE WK
AR A S IE R AT . AT AR . IRGE— HOhEE, HIEEAH
GATE R IERE (A%, S SRR — 2 0F) . RIS A o A

self .belief.update_measure(channel, point, result, svd_deg)
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def

def

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)

_probe_candidates(self, region: CandidateRegion, channel: int) -> list[Vec2]:

nn] DR R R R RIERR - WBR AL + PR + oI s ex

D1 RAEMVERED: H R SE MEC [Rl.O [ @ SRR, 37 B B A Sl
WA FhEE X, HARRE] 20m AR E Y. BATER I
‘“center + a - (YHifLE - center) "~ (a€approach_fractions, a=0 RI[E.(»)
FIHRIE P4, (SRS ] YRR R AT DL ER N2 UCGEIE IR, R LUEH
AL near W
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))
# U A MEC [ELOEYHTEEHEEFS (SEOALY) .
for fraction in self.config.search.approach_fractions:
candidates.append((center[0] + (position[0] - center[0]) * fraction,
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 # T HAGERAY A TR S AR S
seen.add (key)
unique.append(point)
return unique

_visibility_probe(self, region: CandidateRegion, channel: int) -> Vec2 | None:

" REIRE SR A E ST INGE R None GREIESF) o
=R GUSIRE ST, AR Z2THE) -

- ““nearest_visible ~ (BRIN) : JofenT WARREIE (IR
“Tprob_detect > ratio x max " FMEIE, i 0RLEH " 52 PR SR PR ] EERY " 1)
FFHL CMHTALEqMEC [BLO T BERAE. 9 R core SL:
G T 125.7 » 4.3 /)5 T 9225 - 8602 s+ HANAIT.
- ““expected_radius: FE[AEIE IS H/ME
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def

TEDRH MEC Y] (@) + A - BB, A=b W5 LEIJLFER S (8604 s)
A 'TE J\HJ (0-05> ﬁil’K] iT*—J‘ /]fn'vj%—)uﬁﬁ 9740 S) /t)“:‘:lli\[
"%ﬁ%%ﬂ@\i%"th"iiﬁﬁ% R B,
- “Cvisibility ™ (JHH4) : ftkfk ~prob_detect/(F3h+6) ~~, & &k
[ —AN ALY RS s (2 9225 s. JEHF 125.6 K)

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
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":
# X ARKIHE RN argmin ©IEHN: BT WLAEGE T A
# BRGNS EE— IO EERETHE (RN -3 ) .
best = min(keep, key=lambda point: (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:

s ARSI SRR T [TRRD .

- RBGESSIL: worst-posterior Mixidy (PHEFHEEN) :

- M%&i'_'}"' XF MEC [RLCIOGBRTT 1], AR ek ORI
- ZJat GE MEC [ELO AR = p BIEME. T LE E A HOER AR
=2/ +45°a JURIL R TN S Bk - B8 ] AR T R ——

AL FH L (lg—cl = p) H*Eﬁ‘iﬁ&l\ﬂ]@é T DL IR AL A A
PIsi, [ G HE IR AT L Aikinid . BT R %.ﬁ;}rnunuﬂﬁﬂ%
AN SR s A R PRI s S8 AV S8 4 R A TEER LR
visibility = self._visibility_probe(region, channel)
if visibility is not None:
return visibility
blocked = self.blocked_probes.get(channel, [])
center, radius = region.mec()

&9



894 if not blocked:

895 return select_measurement_point(region, self.client.state.position,
896 self.config) .position

897 safe = safe_disk_radius(region, self.config)

898 first = blocked[0]

899 if len(blocked) == 1 and safe >= 0:

900 dx, dy = center[0] - first[0], center[1] - first[1]

901 norm = math.hypot(dx, dy)

902 if norm <= le-9:

903 # FAPOERR ARG TIEENE, I x B A
904 return (center[0] + safe, center[1])

905 scale = min(1.0, safe / norm)

906 # NI, MK = min(norm, safe): [BILOMIHR S ARIERE 2 .
907 return (center[0] + dx * scale, center[1] + dy * scale)

908 base = math.atan2(first[1] - center[1], first[0] - center[0])

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 mE SRR R A I AR PR M S AR TR (R R B 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 1en(cells) > search.fallback_max_cells:

924 # TR E BT BE A BieE s, AR 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 # PULTEAAT: N QGER x BERE b + BIERE, SRR
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 # RS ENE, BOERAE—S <= 10*Sqrt(2> < 20m: AR

951 # RN ISP EVERE T . H55 RR. EE I IR0 ik

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 ST BRI RS . BEARITIR + 2-opt (Wik Or-opt) HUik

960

961 |HSzB B4 EH  "min(remaining, key=dist)™ ", '“"“1’?1‘5{55‘[5]Tﬂ(ﬂ%?¢_
962 (AR 1.2-1.3 £%) HEKAEH 0. X U\Iftjzfj Bt
963 (D3) , JUAREFE SRR HEE R AEECRAE, M&;L§ PEAAS
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if not cells:
return []
if not self.config.search.fallback_optimize_tour or len(cells) < 4:
position = self.client.state.position
remaining = list(cells)
order: list[Vec2] = []
while remaining:
nxt = min(remaining, key=lambda c: (math.dist(position, c), c))
remaining.remove (nxt)
order.append (nxt)
position = nxt
return order
return improve_open_path([tuple(c) for c in cells],
self.client.state.position)

_summary (self, info) -> dict:
report = super()._summary(info)
report["directional _observed_channels"] = list(self.directional_observed)
report["fallback_clears"] = self.fallback_log
# Jafy /clear {ERIFNMIEROB, LGRS S AN T LHERT .
report["fallback_clear_attempts"] = sum(

entry.get("attempts", 0) for entry in self.fallback_log)
report["visibility_probes"] = self.visibility_probes
report["joint_absent_channels"] = list(self.joint_absent_channels)
report["joint_final"] = {str(channel): belief.summary()

for channel, belief in sorted(self.joint.items())}

return report

def fallback_cell_bound(width_m: float, height_m: float,

config: ProblemConfig = ProblemConfig()) -> int:
SMIREBCE RSB BB ([w/cell]+2) ([h/cell]+2) (iffils4 Misthds) o nn

cell = config.search.fallback_clear_grid_m
return (math.ceil(width_m / cell) + 2) * (math.ceil(height_m / cell) + 2)

RREIT 20m FIRRERE] LT SRR A A E T IE

def fallback_clear_cells(polygon: list[Vec2],

config: ProblemConfig = ProblemConfig()) -> list[Vec2]:
EEAML L NIER) <=20m A [RETEE GEHO0T1E (PS JE&IHRR) -

w7E (TarE)

% TG0 TG TEAR L LI WA F#RORBE . PRI AR A R BELEAS

<=

10%sqrt(2) < 20m, ZFtg /clear Z/B ‘M(ﬁﬁql B LK EER) /clear

RIS B Jeiin) fallback_cell_bound, TR AHFEMEE H.

if not polygon:

cel

Xs =

ys
io,
jo,
eps

return []
1 = config.search.fallback_clear_grid_m

[p[0] for p in polygon]

[p[1] for p in polygon]
il = math.floor (min(xs) / cell), math.floor(max(xs) / cell)
j1 = math.floor(min(ys) / cell), math.floor(max(ys) / cell)
= 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
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src/mcm26b/planner/bayes_loop.py

N R = N O R

"unpab DU AS R A IR (3G bayes ) o

fE£ :class: Omnidirectionalloop™ HZ%2 (run/FHWE/summary/HiE./ T4 HIK)
FHIZ)2EM, %W docs/algo-3-bayes.md FHZEH:

1. BE: FHE— MK EFSE (particles.ChannelParticles) , Al
(% no_signal FNLI) PUIFEEHT: SARehas BUEREIER, T SE kA,

2. PRE: ARG MER—08 500 e ER =TS A RS %,
TR AE + 2-opt HEF, BHUT—MESFREIEHE (B TSP)

3. SR EMNESEERIEERE (MHIE) B PF MEC #REIF (TEfRiks)
WIZ" IR log SEFFALL + X - BBl E] " iFsr (f5 BIEaE 700 -

5328 SevenBatch [WZE5: HUOMMIBkSG/ BRI (W no_signal FY (I, MHiE) Xf
AIHFERL I S HA) « PF SRFIEASRRTIEE . 2 R TS HEF AR Sl N B4 -
TEBRUEA LU IE R (PF R IE 5 AE SOUIM2 T A 5 474 5 R W 2 i
k) . WL Voronoi/(RsrHy i, Ailk4: .

from __future__ import annotations

import math
from dataclasses import dataclass

from ..belief import CandidateRegion, ChannelStatus

from ..config import ProblemConfig, Vec2

from ..coverage import CoverageLedger

from ..particles import ChannelParticles, as_sample_array

from ..protocol.client import SimulatorClient

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

from ..protocol.timing import move_time

from . import (ClearCertificate, OmnidirectionalLoop, clear_certificate,

candidate_points, safe_disk_radius, select_measurement_point)

from .seven import validate_seven_coverage
from ..guarantee import seven_plan

@dataclass(frozen=True)
class Task:

"G AES R service_s AREBAMIEAREN (HM+HB/ ) o

kind: str # "station" | "locate" | "clear"
position: Vec2

service_s: float

channel: int | None = None

station_index: int | None = None

station_channels: tuplelint, ...] = O

def _point_key(point: Vec2) -> tuplel[int, int]:
"R R 0.5n R (PR REE W) o
return (int(round(point[0] * 2)), int(round(point[1] * 2)))

class BayesLoop(OmnidirectionalLoop) :
P SIS SORME + B+ RIS T,

def __init__(self, client: SimulatorClient,
config: ProblemConfig = ProblemConfig()):
super () .__init__(client, config)

validate_seven_coverage(config.bayes.station_ring_radius_m, config)
self.coverage_plan = seven_plan(config.bayes.station_ring radius_m)

self.ledger = CoverageLedger(
config, points=list(self.coverage_plan.points))
self.particles = {channel: ChannelParticles(config)
for channel in self.belief.channels}
self._measured_points: dict[int, set[tuple[int, int]]] = {}

self._clear_failed: set[int] = set()  # JIF15I5FEe)m 204 i st
self._stall: dict[int, int] = {} # ESTOBAETHE (IR
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69 self._skip_cache: dict[tuple[int, int], tuple[int, booll] = {}

70 self.skipped_measures = 0 # BRI 48 T ARAS: I k2%

71 self .no_shrink_measures = 0 # R EF R E N G2Wi )
72 self.pf_absent_channels: list[int] = [1 # [EfifE s ib Wk (e
73 self.opportunistic_measures = 0

74

75 s EIFIR
76 def _coverage_phase(self) -> None:

77 nn AT SEER: RI + BN + EEREREIRE, HILS R A

78 while self.stop_reason is None:

79 if self._count_limit_reached() or self._virtual_cap_reached():
80 return

81 if not self._step_once():

82 return

83

84 def _step_once(self) -> bool:

85 RS R HERIFHUTE S . B P ES IR 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 AL EANE ST PR R, IER AT SE R A

98

99 SO ARTER AL I A7 B8 R 354 HLORAIEBE B Pl Rk i) & A

100 J%J’Wla_lﬂfﬁmeasure A5 SFOR I IR T2 s ANSTERE Bl il

101 U BE B PRIEACE T A5 =00, ASRE T AR & 1 o

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 ettt 453
137 def _station_pending(self, index: int) -> list[int]:

138 men gk AR IIATGE . UNKNOWN. R, dE"45 no_signal" HIRIEHEE. """
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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
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167
168
169
170
171
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174
175
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180
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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

point = self.ledger.points[index]
ing =
for channel, belief in self.belief.channels.items():
if belief.status is not ChannelStatus.UNKNOWN:

pend

0

continue

if self.ledger.measured_at(channel, index):
continue

if self._skip_station_channel(channel, index, point):
continue

pending.append (channel)
return pending

def _fused_channels_at(self, index: int) -> list[int]:
men RS EAE = K& (UNKNOWN) + © & BUH oK EiF (DETECTED) .

PO-1:

EMIFANE I m o S E At (5% §1.3 Fi11)

99.28% MIRNIEA >2 MUGTE r_eff max=1500m N, HeHAA8L P iL
122.9°, 5
CAIEF. CFER— 0.5m JSMEE . si% i no_signal FAIEBkLL .

Jrfir 68.5° . [EIUL" W HSH — 4575 L% " 0 4 Rk 2 I AT o

SEZEE (2026-09-12, “output/suite/q3-fuse-ab* ™) : AHLH] AR xx,
Uik EHH A 2 -3 DRI A RO, Z AR
EHEARE] 20m RS, LA BRI A R 2 eSO I 4T

T
b5

S
Hig)

°

2 11 I (+0.8%) , FERIBSIPHF IR SN +45.67 (20/20

BRIAR], PRE AR LME S IS RS A

point = self.ledger.points[index]

chan
sele

nels
cted

self._station_pending(index)
set (channels)

if not self.config.bayes.fuse_localize_into_tour:

return channels

channel in self.belief.channels_by_status(ChannelStatus.DETECTED) :
if channel in selected or self.ledger.measured_at(channel, index):

for

continue
if _point_key(point) in self._measured_points.get(channel, set()):
continue
cert = self._best_certificate(channel)
if cert is not None and cert.certified:
continue # CHIED: REAEHERES, AL
if self._skip_station_channel(channel, index, point):
continue # SELFSEERTE 1500m 4b: %M no_signal

channels.append(channel)
selected.add(channel)
return channels

def _skip_station_channel(self, channel: int, index: int, point: Vec2) -> bool:
BB (H pf.version ZBfr: FAPHMUMCAT. FIEHH) o v

self .particles[channel]

if not pf:

return True

self._skip_cache.get((channel, index))

pf =

cached =

if cached is not None and cached[0] == pf.version:
return cached[1]

value
self.

= pf.
_skip_cache[(channel, index)] = (pf.version, value)

guaranteed_no_signal (point)

return value

def _build_tasks(self) -> list[Task]:
tasks: list[Task] = []
for index, point in enumerate(self.ledger.points):
pending = self._fused_channels_at(index)
if not pending:
continue
switches = len(pending) - (1 if self.client.state.channel in pending else 0)
tasks.append(Task("station", tuple(point),

for

self.config.cost.measure_s * len(pending)
+ self.config.cost.switch_s * max(switches, 0),
station_index=index, station_channels=tuple(pending)))

channel in self.belief.channels_by_status(ChannelStatus.DETECTED) :

cert

self._best_certificate(channel)
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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 S5 T LR AT E N A J T2 P O a5 I R
217 point = self._select_p01nt(channe1)

218 if point is None:

219 continue

220 tasks.append(Task("locate", point,

221 self.config.cost.measure_s + self.config.cost.switch_s,
222 channel=channel))

223 return tasks

224

225 def _defer_to_station(self, channel: int) -> bool:

226 T RE AT AR B PR A 2R

227

228 PO-1 FRSRHE: AATEN: llﬂ?ﬁ«)”J;wi MBI CIF U 2 fl— U

229 WSABIR) f# If] F FIER AT S, R NNRBIHE AT 0 58 ) A A5
230 HIPE SR AR LA UNKNOWN BUE R (B i i) | IJJH\A
231 AT AT LR G BT GEAT . WS B TeAE 45 AT A SE B -

232 Wi FI5E)E T _station_pending™ ™ N4, IRATLSHRWE .

233 e

234 if not self.config.bayes.fuse_localize_into_tour:

235 return False

236 for index, point in enumerate(self.ledger.points):

237 if not self._station_pending(index):

238 continue

239 if self.ledger.measured_at(channel, index):

240 continue

241 if _point_key(point) in self._measured_points.get(channel, set()):
242 continue

243 if self._skip_station_channel(channel, index, point):

244 continue

245 return True

246 return False

247

248 B oo T4 HET
249 def _order_tasks(self, tasks: list[Task]) -> list[Task]:

250 " TR EEHEY : MES RFIRER DP, FIURGESE + 2-opt.

251

252 Held-Karp (S5/T1) JU"CUjI&EE x SGEAUMINESGE T R B
253 R NG, M A :meth: _path_cost™ HL"RHEHEF "I 0O o
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 < limit 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 "MESSTEREAMGE T channel™ ™ INHYEATHEIN L B TS A I ) AE . e
273 cost = self.config.cost

274 if task.kind == "locate":

275 return (cost.measure_s + (cost.switch_s if channel !'= task.channel else 0.0),
276 task.channel)

277 if task.kind == "station" and task.station_channels:

278 pending = sorted(task.station_channels,
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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])

283 return task.service_s, channel

284

285 def _exact_order(self, tasks: list[Task]) -> list[Task] | None:

286 """Held-Karp FEMAFFUIGE GEMEE. ZEHB, SRS -

287

288 RE T (mask, o) = CUYRESE mask. EHFEE—MESFWIGER c;
289 PHEREIR A CYTTHEY U {locate HijEY U {station BJFHiiE}.
290 BB " 2°n-n - ICl1° 75 n il :attr: BayesConfig.exact_order_limit~ ]
291 A ELREER. RE None™ ™ Fkasidk (BifEME) o

292 e

293 n = len(tasks)

294 if n <= 1:

295 return list(tasks)

296 start = self.client.state.position

297 init = self.client.state.channel

298 channels = {init}

299 for task in tasks:

300 if task.kind == "locate":

301 channels.add(task.channel)

302 elif task.kind == "station" and task.station_channels:

303 # EIPE = HMEOEE LS HE R R — A R R R R
304 # i NSE NS R R IR IR RAA, WOR s R 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)] = H/MUY; parent [(mask, ci)] = (F— mask, b— ci)
331 dp: dict[tuplel[int, int], float] = {}

332 last_task: dict[tuple[int, int], int] = {}

333 parent: dict[tuple[int, int], tuplel[int, int] | None] = {}

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[keyl = 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:
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349 continue

350 nxt = (mask | (1 << k), exits[k][ci])

351 value = cost + move[last_task[state]][k] + servicelk][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 dp[state] < best_cost:

361 best_key, best_cost = state, dpl[state]

362 if best_key is None:

363 return None

364 order: list[Task] = []

365 key: tuple[int, int] | None = best_key

366 while key is not None:

367 order.append(tasks[last_task[keyll)

368 key = parent [key]

369 order.reverse()

370 return order

371

372

373

374 def _nearest_order(self, tasks: list[Task]) -> list[Task]:

375 remaining = list(tasks)

376 order = []

377 position = self.client.state.position

378 while remaining:

379 best = min(remaining, key=lambda t: (

380 move_time(position, t.position, self.config.cost),
381 t.kind, t.channel or 0))

382 remaining.remove (best)

383 order.append (best)

384 position = best.position

385 return order

386

387 def _path_cost(self, order: list[Task]) -> float:

388 total = 0.0

389 position = self.client.state.position

390 channel = self.client.state.channel

391 for task in order:

392 total += move_time(position, task.position, self.config.cost)
393 if task.kind == "locate":

394 total += self.config.cost.measure_s

395 total += self.config.cost.switch_s * (channel != task.channel)
396 channel = task.channel

397 elif task.kind == "station" and task.station_channels:
398 pending = sorted(

399 task.station_channels,

400 key=lambda c, channel=channel: (c !'= channel, c))
401 total += self.config.cost.measure_s * len(pending)
402 total += self.config.cost.switch_s * (len(pending) - (channel in pending))
403 channel = pending[-1]

404 else:

405 total += task.service_s # [5G AR I jn) i

406 position = task.position

407 return total

408

409 def _two_opt(self, order: list[Task]) -> list[Task]:

410 best = list(order)

411 best_cost = self._path_cost(best)

412 for _ in range(self.config.bayes.two_opt_passes):

413 improved = False

414 for i in range(len(best) - 1):

415 for j in range(i + 1, len(best)):

416 candidate = best[:i] + best[i:j + 1]1[::-1] + best[j + 1:]
417 cost = self._path_cost(candidate)

418 if cost < best_cost - le-6:
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419 best, best_cost, improved = candidate, cost, True

420 if not improved:

421 break

422 return best

423

424 B oo L5507
425 def _execute_task(self, task: Task) -> None:

426 if task.kind == "station":

427 self._execute_station(task.station_index)

428 elif task.kind == "clear":

429 cert = self._best_certificate(task.channel)

430 if cert is not None and cert.certified:

431 if not self._attempt_clear(task.channel, cert.center, cert):
432 self._clear_failed.add(task.channel)

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 oo B R UG (BRIALI Et ) 5% B I T
441

442 PO-1: Al [F) Ny P B R BUARREIE " Wil . 57—/ 55 = 4 7 fr e AE i [l
e SR i LR BV, BN

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 c in pending if self.belief.channels[c].status

451 is ChannelStatus.UNKNOWN])

452 # METHGERSE, WU WM near ELEREBR AT Wi

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 # ZIE ORI (RIEFIN AT RE no_signal, JESFIEVESH
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)
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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 "R SERIR: BT RIHE GRAINTEY | SO,

498 pf = self.particles[channel]

499 before = len(pf)

500 outcome = self.client.measure(point, channel)

501 self._record_measure(channel, point, outcome)

502 self._may_clear.add(channel)

503 if outcome.result == NO_SIGNAL:

504 region = self.belief.candidate_set(channel)

505 if region is not None and safe_disk_radius(region, self.config) >= 0 \
506 and math.dist(point, region.mec()[0]) \

507 <= safe_disk_radius(region, self.config):

508 self._anomaly("no_signal_in_safe_disk", channel, position=point)
509 after = len(pf)

510 cert = self._best_certificate(channel)

511 if cert is not None and cert.certified:

512 if self._attempt_clear(channel, cert.center, cert):

513 self._clear_failed.discard(channel)

514 self._stall.pop(channel, None)

515 return

516 self._clear_failed.add(channel)

517 self._may_clear.discard(channel)

518 if after == before:

519 self._stall[channel] = self._stall.get(channel, 0) + 1

520 self.no_shrink_measures += 1  # FULIRIRNAIRASHENE, IUESH %
521 else:

522 self._stall[channel] = 0O

523

524 B oo RIS
525 def _record_measure(self, channel: int, position: Vec2, outcome) -> None:
526 ""vbelief (MIEY) 5 PF (AE4E) RS HH: PF ZHIESYHE. "

527 self .belief.update_measure(channel, position, outcome.result,

528 outcome.svd_deg)

529 # i — 0.5m W x [—HUEEERN: D E—IRKE T ESGA 98.84Y
530 # (W HEALU RIREAE S A b, AT M 1R 45 Hr

531 key = _point_key(position)

532 seen = self._measured_points.setdefault(channel, set())

533 if key in seen:

534 self.redundant_rescan_measures += 1

535 seen.add (key)

536 self._clear_failed.discard(channel)  # FFiFHETEHL: I LA 15
537 belief = self.belief.channels[channel]

538 if belief.status in (ChannelStatus.CLEARED, ChannelStatus.ABSENT):
539 return # CUFHE: (HFE/GUEJEH) no_signal SRR, Ak PF
540 pf = self.particles[channell

541 pf.apply_measure(position, outcome.result, outcome.svd_deg)

542 if not pf:

543 if belief.status is ChannelStatus.UNKNOWN:

544 self.belief.mark_absent (channel)

545 self.absence_evidence[channel] = "pf_empty"

546 if channel not in self.pf_absent_channels:

547 self.pf_absent_channels.append(channel)

548 else:

549 self._anomaly("pf_empty_while_detected", channel, position=position)
550 self._apply_count_bound()

551

552 def _apply_count_bound(self) -> None:

553 LR E SRS B RAL LA, o4y UNKNOWN R AL E R

554

555 it D8R : BAGER L2 —AN . 2RRE 10..16 M. —H

556 DETECTED/CLEARED W RFIMGESGEE 16, (LM MARBIARE ST

557 BHEABA AR, oA 7 siE AR . e SRR,

558 SETEAR I EER] . evidence 5 coverage/pf_empty IR
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559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628

def

def

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:
e E RS SORMAZIRE PE SEARAE T K N AR IE AL,
region = self.belief.candidate_set(channel)
cert = clear_certificate(region, channel, self.config) \
if region is not None else None
if cert is not None and cert.certified:
return self._near_clear_target(cert)
if self.config.bayes.grid_cert_enabled:
pf = self.particles[channel]
if len(pf):
center, radius = pf.mec()
limit = (self.config.field.clear_radius_m - pf.margin_m
- self.config.search.clear_margin_m)
if radius <= limit:
return self._near_clear_target(
ClearCertificate(channel, center, radius, limit, True))
return cert

_near_clear_target(self, cert: ClearCertificate) -> ClearCertificate:
s SR R 20m R s SRR R .
position = self.client.state.position
distance = math.dist(position, cert.center)
shift = min(distance, max(0.0, cert.limit_m - cert.radius_m - 1e-6))
if distance <= 1le-9 or shift <= 0:
return cert
target = tuple(c + (p-c)*shift/distance for p, c in zip(position, cert.center))
return ClearCertificate(cert.channel, target, cert.radius_m+shift, cert.limit_m, True)

—————————————————————————————————————————————————————————— A
_probe_context(self, channel: int):
) i AT T — R L I ) i e 4 AR S G A5 T4 R AL

& Bl "~ (candidates, info_score, mec_center, current_position) ™ ;
fReif Zikm " None™ "o "7 _select_point™ HEFLUEAIRHE I ILEH
PRIEF# R2E“ B R a5
bayes, search = self.config.bayes, self.config.search
pf = self.particles[channel]
if not pf:
return None
region = self.belief.candidate_set(channel)
center, radius = pf.mec()
measured = self._measured_points.get(channel, set())
position = self.client.state.position
candidates: list[Vec2] = []
safe = safe_disk_radius(region, self.config) if region is not None else -1.0
if region is not None and safe >= O:
# PRIEERcCE: (MIEBIOR) o AEEMEELL "4 direction/near
candidates = candidate_points(tuple(region.mec() [0]), safe,
search.candidate_rings,
search.candidate_angles)
# DLUSEZBROR Il AR AR AS 23 s, ko B 4 ) A 2 PO B e el 22
geometric_center = region.mec() [0]
base_angle = math.atan2(position[1] - geometric_center[1],
position[0] - geometric_center[0])
for fraction in search.candidate_rings:
if fraction <= 0:
continue
for offset in (-math.pi/3, -math.pi/6, O, math.pi/6, math.pi/3):
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629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666

668
669
670
671
672
673
674
675
676
677
678
679
680
681

683
684

686
687
688
689
690
691

693
694
695
696
697
698

angle = base_angle + offset
candidates.append((geometric_center[0] + safe * fraction * math.cos(angle),
geometric_center[1] + safe * fraction * math.sin(angle)))
# DISSEALEA AR B N N, RFEB AR A 23U
# TIREG R T GE A IR E R .
if math.dist(position, geometric_center) <= safe + 1le-9:
candidates.append (tuple(position))
else:
# Fifitl: PF MEC $RZEIN (SOWLINIZIR 5 =7 H G2 1)
for fraction in bayes.wide_rings:
ring = max(radius * fraction, 2.0 * pf.margin_m)
candidates.extend(candidate_points(center, ring, (1.0,),
search.candidate_angles))
candidates.append(tuple(center))
candidates.append (tuple(position))
candidates = [tuple(c) for c in candidates
if _point_key(c) not in measured]
if not candidates:
return None
# R UH AL (numpy TR . GSEFE R EE:
# numpy fiJCH) as_sample_array JRFLRIMIFNE, & UAZR,
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

def _select_point(self, channel: int) -> Vec2 | None:
menERLIE S B log EAFENLL + A - BBEINE] s/ hEELE.
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:
# —UCEN A TR HEE IR A RETE B A2 I R RS B S i 5447
move = bayes.lambda_move_s * (move_time(position, q, self.config.cost)
+ move_time(q, center, self.config.cost))
return info_score(q) + move

return min(candidates, key=lambda q: (score(q), _point_key(q)))

def _refine_locate_tasks(self, tasks: list[Task]) -> list[Task]:
o e 2R ARG 18 B AT S5 S (P2, 2026-09-12)

IHPEor HEL#E ~current->q + q->MEC™ ™, )RR &3 2-opt ML
RINIEALE q->next_task™ "o FHXEA locate (ESTEMEE A LI
BT SS RREA SRR IR, 5. MEC BHETIA I
e MRk FUR R, BRI .
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:
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699 continue

700 candidates, info_score, center, position = context

701 try:

702 order_index = next(index for index, item in enumerate(base_order)
703 if item is task)

704 except Stoplteration: # pragma: no cover - [i]Xf5 W IGZ&AFLE

705 order_index = next(index for index, item in enumerate(base_order)
706 if item.kind == "locate"

707 and item.channel == task.channel)

708 best_score: float | None = None

709 best_point: Vec2 | None = None

710 for point in candidates:

711 trial_order = list(base_order)

712 trial_order[order_index] = Task(

713 "locate", tuple(point), task.service_s, channel=task.channel)
714 route_delta = self._path_cost(trial_order) - base_cost

715 move_proxy = bayes.lambda_move_s * (

716 move_time(position, point, self.config.cost)

717 + move_time(point, center, self.config.cost))

718 clear_near = move_time(point, center, self.config.cost)

719 value = (info_score(point)

720 + move_proxy

721 + bayes.route_aware_insert_weight * route_delta

722 + bayes.route_aware_clear_weight * clear_near)

723 if best_score is None or value < best_score:

724 best_score, best_point = value, tuple(point)

725 if best_point is not None:

726 refined[task_index] = Task(

727 "locate", best_point, task.service_s, channel=task.channel)
728 return refined

729

730 e LM 5
731 def _localize_and_clear(self, channel: int) -> bool:

732 nRHIEKENLFIEIR (resolve WA M) « PF 3EMA, RWGRMIER. """

733 search = self.config.search

734 self._may_clear.add(channel)

735 for _ in range(search.max_localize_steps):

736 if self._virtual_cap_reached():

737 return False

738 cert = self._best_certificate(channel)

739 if cert is not None and cert.certified and channel in self._may_clear:
740 if self._attempt_clear(channel, cert.center, cert):

741 self._clear_failed.discard(channel)

742 return True

743 self._clear_failed.add(channel)

744 self._may_clear.discard(channel)

745 continue

746 point = self._select_point(channel)

747 if point is None:

748 region = self.belief.candidate_set(channel)

749 if region is None:

750 return False

751 point = select_measurement_point(

752 region, self.client.state.position, self.config).position
753 outcome = self.client.measure(point, channel)

754 self._record_measure(channel, point, outcome)

755 self._may_clear.add(channel)

756 if outcome.result == NO_SIGNAL:

757 region = self.belief.candidate_set(channel)

758 if region is not None and safe_disk_radius(region, self.config) >= 0 \
759 and math.dist(point, region.mec()[0]) \

760 <= safe_disk_radius(region, self.config):

761 self._anomaly("no_signal_in_safe_disk", channel, position=point)
762 cert = self._best_certificate(channel)

763 if cert is not None and cert.certified:

764 if self._attempt_clear(channel, cert.center, cert):

765 self._clear_failed.discard(channel)

766 return True

767 self._clear_failed.add(channel)

768 self._may_clear.discard(channel)
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769 return self.belief.channels[channel].status is ChannelStatus.CLEARED
770

771 def _persistent_round(self) -> None:

m S GBI, (B PR (B o
773 measured: set[tuplelint, int]] = set()

774 while self.stop_reason is None:

775 index = self._next_resweep_point (measured)

776 if index is None:

777 return

778 point = self.ledger.points[index]

779 for channel in self._resweep_channels_at(index, measured):
780 if self._virtual_cap_reached():

781 return

782 measured.add((channel, index))

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 AR T BEERA . SPEVE IR, HORIEYE 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 B gz
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 RATIERIKI NI R I+ [

1

2

3 M scripts/benchmark_q3_search.py $2FFNFEMAM (A2 L, B %
4 12/12 2. REPl 5232s) . 1xnnijT JFis + 242 RING_RADIUS_M If |-
5 S0y s WREAER. AR, Sl B R AR AT

6 J_Rﬁ max (r/v3, sqrt(R2+r2—\/3Rr)) < 1000m [

7 r_eff TR, BUEEA LI E /Dl H——H i ik i A T 1205

8

7 ¥4 no_signal (Coverageledger.coverage_complete) .
10 JHEEAR A
11 - SevenImmediate: 4PN REIIIHEN EMFIEH (A1) ;
12 - SevenBatch: ufip FH i, F1ocHe Bk MEC BLOGRIT" RSN (A2)
13 - SevenSweep: @MIHFEH&ZE—MKS (A3) .
14w

16 from __future__ import annotations

18 import math
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19

20 from ..belief import ChannelStatus

21 from ..config import ProblemConfig

22 from ..coverage import CoverageLedger

23 from ..guarantee import seven_plan

24 from ..protocol.rules import NEAR

25 from . import OmnidirectionalLoop, clear_certificate

26

27 RING_RADIUS_M = 1200.0  # [ [ f£] f##HriEAl, docs/algo-3.md §5 L geometry_check
28

29

30 def seven_points(ring_radius_m: float = RING_RADIUS_M) -> list[tuple[float, float]]:
31 nEE + B b6 SR -buh s s,

32 return [(0.0, 0.0)] + [(ring_radius_m * math.cos(k * math.pi / 3),

33 ring_radius_m * math.sin(k * math.pi / 3)) for k in range(6)]
34

35

36 def validate_seven_coverage(ring_radius_m: float, config: ProblemConfig) -> float:
37 " ISAN60° i DX AR I d s B Y R SRR 4 e Y T

38

39 JE S /B Voronoi A2 4 Hir /v3,  HbRIE L R i X 485 25 i 55— T

40 IRAAAE T I O<r <=v3RINIX W T4 o 2 AR AL

41 e

42 radius = config.field.omega_radius_m

43 if not 0 < ring_radius_m <= math.sqrt(3)*radius:

44 raise ValueError ("-LuliFR12 i it 4l 7 S iiF A i ™)

45 bound = max(ring_radius_m / math.sqrt(3), math.sqrt(

46 radius**2 + ring radius_m**2 - math.sqrt(3)*radius*ring_radius_m))
47 if bound > config.field.r_eff min_m - le-6:

48 raise ValueError ("-Luli s s~ HAREL, ASEEHRILIEIIME B ")

49 return bound

50

51

52 class SevenImmediate(OmnidirectionalLoop) :

53 bR ¢ SN EIRE N (GEE EN BOR A, U)o

54

55 def __init__(self, client, config: ProblemConfig = ProblemConfig(),

56 ring radius_m: float = RING_RADIUS_M):

57 super () .__init__(client, config)

58 validate_seven_coverage(ring radius_m, config)

59 self.coverage_plan = seven_plan(ring_radius_m)

60 self.ledger = CoveragelLedger(config=config,

61 points=list(self.coverage_plan.points))
62

63

64 class SevenBatch(SevenImmediate):

65 mS N SR, SRR e S RO IR S R BN B (A2 FROREE) o vt

66

67 defer_all = False

68

69 def _serve_queue(self):

70 # Each detected channel gets at most one localization call in this pass.
71 queue = self.belief.channels_by_status(ChannelStatus.DETECTED)

72 while queue:

73 ¢ = min(queue, key=lambda c: (math.dist(self.client.state.position,
74 self.belief.candidate_set(c).mec() [0]), c))

75 queue.remove (c)

76 self._localize_and_clear(c)

77 if self._count_limit_reached():

78 break

79

80 def _coverage_phase(self):

81 while not self._count_limit_reached():

82 index = self._next_point_index()

83 if index is None:

84 return

85 point = self.ledger.points[index]

86 pending = self._pending_channels_at (index)

87 # Keeping the current measuring channel first saves a switch when possible.
88 pending.sort(key=lambda c: (c != self.client.state.channel, c))
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89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113

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()

def _resolve_detected(self):
self._serve_queue()
unresolved = [c for c, b in self.belief.channels.items()
if b.status not in (ChannelStatus.CLEARED, ChannelStatus.ABSENT)]
return "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

N=TNCCREEN I A B VS I NS R

"UUPO/PL PRNUR: TRk MU, THMBEEL REHLSHE S

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

0 N N AW N =

S o

11

"UUPL OPRSCHEZG: AT RRAR. o BLSE TG AL A v o

PSRN T ] 5 S -
Hﬁﬁﬂ@ﬁmﬁmrmwﬂld ATE M MU B SE A R B vE " 1)
HHE request_id HEiERMAK —— AJEL—KMITFILH bytes IR K RIIE;
- WA B EE HTTP JRAS5 accepted; accepted=false ASHHRIRAS,
H virtual _time_s=0 A Y44E YRR Z ;
- BUEREMIN . ARIEL s ARERFY, —AIERIEALE T —1;
- iAjgéilL}H /enter MR i) remaining_real_duration_s Ft v/ ANH A 4,
BRBHARE: /exit PHTIELE.

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
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23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
7
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

from

from
from
from

clas

clas

clas

clas

@dat
clas

Qdat
clas

Q@dat

clas

def

def

.rules import (CLEAR_RESULTS, DIRECTION, EXIT_USER, MEASURE_RESULTS,
POSITION_FIELDS, STATUS_OK, STATUS_RETRYABLE)

.state import RobotState

.timing import CostBreakdown

.transport import RequestsTransport, Transport, TransportError

s ProtocolError (RuntimeError):

" PRBUZRIG & HTTP RS RS BRAAEIR (FEikse) .

def __init__(self, message: str, status: int | None = None, body=None):

super () .__init__(message)
self.status = status
self.body = body

s ActionRejected(ProtocolError):
"MUHTTP 200 {H accepted=false: BIfEARARL, IRASRHEH "o

def __init__(self, message: str, body=None):
super () .__init__(message, status=STATUS_OK, body=body)

s ProtocolViolation(ProtocolError):

R P A R (TR EARE. A2 ER ) o

s DeadlineExceeded (RuntimeError):
n ST R - TR AR R R R I R A AT R .

aclass(frozen=True)

s MeasureOutcome:
result: str

svd_deg: float | None
virtual_time_s: float
predicted: CostBreakdown
raw: dict

aclass(frozen=True)

s ClearOutcome:

result: str
virtual_time_s: float
predicted: CostBreakdown
raw: dict

aclass(frozen=True)

s ExitInfo:

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/ /LIE45F4FEE"™)
encoded = value.encode("utf-8")
if not 1 <= len(encoded) <= max_bytes:

raise ValueError (f"{name} (1) UTF-8 K JE/ii{E 1..{max_bytes} Fii")
if any(code < 0x20 or code == Ox7F for code in encoded):

raise ValueError (f'"{name} HEALEHHIFFF")

_validate_position(position: dict, limit: float) -> None:
if set(position) != set(POSITION_FIELDS):

raise ValueError("position FROWJE:H HAERE x. y™)
for key in ("x", "y"):

value = position[key]
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93 if isinstance(value, bool) or not isinstance(value, (int, float)):

94 raise ValueError(f"position.{key} WAZI/EAL(EH"™)

95 if not math.isfinite(value):

96 raise ValueError (f"position.{key} WAZIJEA FRELE™)

97 if abs(value) > limit:

98 raise ValueError(f'"position.{key} 44X AfF#EE {1imit} k")
99

100

101 def _validate_channel(channel) -> int:

102 # B¢ JSON number 1.0 HMA MLtz [UBml; 1.5 fH4L,

103 if isinstance(channel, bool) or not isinstance(channel, (int, float)):
104 raise ValueError("channel WAZfE45(H")

105 if isinstance(channel, float) and not channel.is_integer():

106 raise ValueError ("channel WAJiJE%4%0")

107 channel = int(channel)

108 if not 1 <= channel <= 20:

109 raise ValueError("channel WAJH{E 1..20 yufHEA")

110 return channel

111
112
113 class SimulatorClient:

114 O 8 AR R e ARSI accepted=true JEffEiE, """

115

116 def __init__(self, robot_id: str, x*,

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 # A Hb PAE I R Ik

132 self._server_deadline_ms: float | None = None # HjZ45anib)[aIEAs L AZ b

133 self._enter_monotonic: float | None = None  # SZHi[IiEL (/enter JIH)
134

135 e e e NIEEE 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 filZcaidE¥k", 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 jfE{: {result!r}", body=response)
161 svd = response.get("svd_deg")

162 if result == DIRECTION:
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163 if not isinstance(svd, (int, float)) or isinstance(svd, bool):

164 raise ProtocolViolation("direction i {il/4i{H 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")

177 if result not in CLEAR_RESULTS:

178 raise ProtocolViolation(f"clear_result Jf#t: {result!r}", body=response)
179 self._log_step("/clear", payload, response, started, result=result,

180 predicted=predicted, channel=payload["channel"])

181 return ClearQutcome(result, response["virtual_ time_s"], predicted, response)
182

183 def exit(self) -> ExitInfo:

184 started = self.clock()

185 payload = self._payload("/exit")

186 response = self._call("/exit", payload)

187 self.state.apply_exit(response)

188 reason = response.get("exit_reason")

189 if reason != EXIT_USER:

190 raise ProtocolViolation(f'"exit_reason Jf{E: {reason!r}", body=response)
191 self._log_step("/exit", payload, response, started,

192 predicted=CostBreakdown(0.0, 0.0, 0.0))

193 return ExitInfo(reason, response["virtual_time_s"], response)

194

195 et TS
196 @property

197 def real_remaining_s(self) -> float | None:

198 TR L L I B T I R R ISP EL (R enter Il None) o "M

199 return None if self._deadline is None else self._deadline - self.clock()
200

201 def _log_step(self, path: str, payload: dict, respomnse: dict,

202 started: float, *, result: str | None = None,

203 predicted: CostBreakdown, channel: int | None = None) -> None:
204 me g R PR 2026-09-111: SEAUSREPRERS + PLIEHEALFER 4310

205 (Bah=HZME /5. PIGE 1s. Kl 5s. iERREY) 5s/AHKEM 3s)

206

207 step FfE A% response FPt, AiREA action_events / MM ZIE 54,

208 e

209 now = self.clock()

210 entry: dict = {"event": "step", "path": path,

211 "request_id": payload["request_id"],

212 "real_elapsed_s": round(now - started, 6),

213 "virtual_time_s": response["virtual_time_s"],

214 "virtual_cost": {"move_s": round(predicted.move_s, 6),

215 "switch_s": round(predicted.switch_s, 6),
216 "action_s": round(predicted.action_s, 6),
217 "total_s": round(predicted.total_s, 6)}}
218 if self._enter_monotonic is not None:

219 entry["real_since_enter_s"] = round(now - self._enter_monotonic, 6)
220 if "position" in payload:

221 entry["position"] = {"x": payload["position"]["x"],

222 "y": payload["position"]["y"]}

223 if channel is not None:

224 entry["channel"] = channel

225 if result is not None:

226 entry["result"] = result

227 self.log.append(entry)

228

229 def _check_budget(self, path: str) -> None:

230 if path == "/exit" or self._deadline is None:

231 return

232 margin = self.session.reserve_exit_s
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233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251

254

264

274

284

294

def

def

if self.real_remaining s <= margin:
raise DeadlineExceeded(
RIS A {self.real_remaining_s:.1f}s ANELIFIE {margin:.1f}s BHEE")

—————————————————————————————————————————————————————————————— AL
_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}
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:
O RATHAT A EIE . SRR E R, HTTP i E TR R LB,
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 ("ifj>Ri&#El 65536 F1i")
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": payload})
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() - started})
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} jR[0] 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} KWf%%: {response}", body=response)
self._verify_clock(response)
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303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333

def

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} #if {attempts} KiHZ: {last_error}") from last_error

_verify_clock(self, response: dict) -> None:
"""accepted=true (WAL ZI A A B SE T R EOH IR A
virtual = response.get("virtual_time_s")
if not isinstance(virtual, (int, float)) or isinstance(virtual, bool):
raise ProtocolViolation("accepted i B e/ virtual_time_s", body=response)
if virtual < self.state.virtual_time_s - 1le-9:
raise ProtocolViolation(
£ BRI %] PR : {self.state.virtual_time_s} -> {virtuall}",
body=response)
if self._server_deadline_ms is not None:
drift = (self._server_deadline_ms - response['"real_timestamp_ms"]) / 1000.0
if drift < self.session.reserve_exit_s / 2:
# RS ARELS RN PR G RHEA) 5 (g%, R B2,
self.log.append({"event": "server_time_warning",
"server_remaining_s": drift})

@staticmethod

def

_safe_json(body: bytes):

try:
return json.loads(body.decode("utf-8"))

except (UnicodeDecodeError, json.JSONDecodeError):
return None

src/mecm26b/protocol/log. py

Nl e Y

R HG: IR T RIS S D PR 1245,

RSB INE N JSONL, R i ) C 58 I A EAR
WTEHH events [AI LRI evaluation ZHAH .

from __future_

import annotations

import json

from dataclasses import dataclass, field
from pathlib import Path

from time import time

@dataclass
class SessionLog:
path: Path | None = None
events: list = field(default_factory=list)

def

def

def

__post_init__(self):
if self.path is not None:
self.path.parent.mkdir(parents=True, exist_ok=True)

append(self, event: dict) -> None:
event = {**event, "logged_at_unix_s": time()}
self.events.append(event)
if self.path is not None:
with self.path.open("a", encoding="utf-8") as handle:
handle.write(json.dumps(event, ensure_ascii=False, allow_nan=False) + "\n'")

action_events(self) -> list[dict]:

"R AR Z I EESHE (A request_id —4, EEAKH) o "t

return [event for event in self.events if event.get("response") is not None
and event["response"].get("accepted") is True]
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36
37
38

def step_events(self) -> list[dict]:
TR (B _log_step TN, HEEAEMUT) o

return [event for event in self.events if event.get("event") == "step"]

src/mcm26b/protocol/rules.py

S S = T T N VC R SR

11

"rvPO MU E - PSS ST B AL S ERE S, AR A T BT -
WA issue/ MM/ B2 . docx CHHLIZREfHHE N Ui W] e iEdR > 55 5-9 i,

i E S S TR IR . A Rl I E RS IR LR 7 B
FARA L, AT F B MM R . AP L docs/ PN 5 RASHL . md.e

from __future__ import annotations

from dataclasses import dataclass

# -——— 540 D] == == ==

NO_SIGNAL = "no_signal" # WARIES: TORERRIE / @Haeke /1 e mE A
NEAR = "near" # JEE <=5m HYEEZMN: ARl svd_deg

DIRECTION = "direction" # G155 W svd_deg (& #1° %%, {REWLL/ND

MEASURE_RESULTS = (NO_SIGNAL, NEAR, DIRECTION)

CLEAR_SUCCESS = "success" # 20m NEIIHIER: FEN 5s
CLEAR_NO_TARGET = "no_target_in_range" # RKAI (FLH/CHE/#E20m) 5 FEH 3s
CLEAR_RESULTS = (CLEAR_SUCCESS, CLEAR_NO_TARGET)

EXIT_USER = "user_exit" # /exit JThWR LY A Y E AR H R A

# accepted=false Wi H&IX 3 ML virtual_time_s HN 0, FJEYuin %) [EHE]
BASE_RESPONSE_FIELDS = ("accepted", "real_timestamp_ms", "virtual_time_s")

@dataclass(frozen=True)
class FieldSpec:
P AR R, D) B2 5.1 5 EIRS N ,

kind: type # str / dict; HUEFBH sim FEHEERL/ 17 5 4000 MRS
required: bool = True
max_bytes: int | None = None # “FfFHIFEL) UTF-8 KJ¥ LR

COMMON_FIELDS: dict[str, FieldSpec] = {
"arena_id": FieldSpec(str), # N "default"
"robot_id": FieldSpec(str, max_bytes=64), # BFTETERBHNS

"request_id": FieldSpec(str, max_bytes=128), # 2 ifNFEZ4E, FralfEHH ID

POSITION_FIELDS: dict[str, FieldSpec] = {
"x": FieldSpec(float), # AR JSON number, |x| <= 2_000_000
"y": FieldSpec(float),

}

# BiE > BRAILTBOMYSIET B /enter 5 /exit FTHIMNTEL

ACTION_FIELDS: dict[str, dict[str, FieldSpecl] = {
"/enter": {},
"/measure": {"position": FieldSpec(dict), "channel": FieldSpec(float)},
"/clear": {"position": FieldSpec(dict), "channel": FieldSpec(float)},
"/exit": {},

}

ACTION_PATHS = tuple(ACTION_FIELDS)

# channel 5§ JSON number 1.0 H& ME&%ii32sZ; 1.5 3Rl HTTP 400 [Fifhi]
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64 # -——— WM FBK (accepted=true IHIHTINTE) - mommmmmmm oo

65

66 RESPONSE_FIELDS: dict[str, tuple[str, ...]] = {

67 "/enter": ("max_virtual_duration_s", "max_real_duration_s", "remaining real_duration_s"),
68 "/measure": ("measure_result",), # direction Hf %7 svd_deg

69 "/clear": ("clear_result",),

70 "/exit": ("exit_reason",),

71}

72

73

" # - BERES CEE WE2 5.3 F —mmmmmmmmmmmmmmeee

75

76  STATUS_OK = 200

77 STATUS_BAD_REQUEST = 400 # JSON i/ A/ ik Br/ 2B /5 s AR Y
78 STATUS_CONFLICT = 409 # [f] request_id XM A ZIE, IR A DIE
79  STATUS_RETRYABLE = (429, 500) # PRI/ A O BB RS AS P EREE I AT R E
80

81

82 def http_status_meaning(status: int) -> str:

83 table = {

84 200: "FECHST, B JsoN AVEHBHILSIEL (B accepted) ',

85 400: "IEREAGHEER: A request_id, EIEEWEMZ 10",

86 404: "BEARMBANH (AMEZREEALSERSE) ",

87 405: "EAIKAEMEH TIE POST Frik,

88 409: "request_id FF&rpeiIftk R IEANFEE",

89 413: "“iERAMET 65536 FAET,

90 415: "Content-Type H{ Content-Encoding A% % Hi",

91 429: "HEE/WERPME, SRS ICRIAE BR",

92 500: LI RN FRATIR",

93 }

94 return table.get(status, "RALRASL")

src/mcm26b/protocol/state. py

1 ""vPO/P1 ML AACHIRASHL: BLE W MGE. Ml 2] 5 3k R .

2

3 FHTRLN D]

4 - M4 accepted=true KN 4 AV apply_*; accepted=false —fIAHfT,
5 H virtual_time_s=0 A& 4RI %) ;

6~ HERINZILLEE—IK accepted=true MMM RHE, AHITIN(E A — AN 5
7 - /clear AHUEMAMLY ML, WA EYIRFEN

8 - AR /measure S M LA IE BB M AR YA A o

g mum

10

11 from __future__ import annotations

12

13 from dataclasses import dataclass, field

14

15 from ..config import CostConfig, Vec2
16 from .rules import CLEAR_SUCCESS
17 from .timing import CostBreakdown, clear_cost, measure_cost

18

19

20 class StateError(RuntimeError):

2 R AU LR BUFIES (BI04 enter Bt apply_measure) . """
22

23

24 @dataclass
25 class RobotState:

26 position: Vec2 = (0.0, 0.0) # /enter JNINJGHIWIEANLE Ui ]

27 channel: int = 1 # /enter JRINEMIMILAAE [EH ]

28 virtual_time_s: float = 0.0

29 entered: bool = False

30 exited: bool = False

31 action_count: int = 0

32 # PG SR EIC S, strict BT IURZES HHEAE .

33 mismatches: list = field(default_factory=list)

34

35 # - - enter/exit
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def apply_enter(self, response: dict, *, strict: bool = False) -> None:

self._require_accepted(response)
if strict and (self.entered or self.exited):
raise StateError("H%& /enter i iLiEMH )5 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, *,
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 HACIEH™)

——————— measure

pos = (request["position"]["x"], request["position"]["y"])

channel = request["channel"]

predicted = measure_cost(self.position, pos, self.channel, channel, cost)
predicted = self._advance(pos, channel, response, predicted, strict)

return predicted

def apply_clear(self, request: dict, response: dict, *,
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"] s request["position“] [uyn])

success = response['"clear_result"] == CLEAR_SUCCESS

predicted = clear_cost(self.position, pos, success, cost)

# MECRFEAAE . /clear APIGRINIMAUGE 8]

return self._advance(pos, self.channel, response, predicted, strict)

def _advance(self, pos: Vec2, channel: int, response: dict,

predicted: CostBreakdown, strict: bool) -> CostBreakdown:

# GBS ATRIIE - strict BT RN B 2L HRRS

actual_delta = response["virtual_time_s"] - self.virtual_time_s

if abs(actual_delta - predicted.total_s) > le-6:

message = (£"fENIFHMIA—2: T {predicted.total_s:
£'5200 {actual_delta:.6f}s ({predicted})")

if strict:
raise StateError (message)
# AR RS LAm g, 2 iC N H S E B

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:

.6f}s, "

predicted.total_s,

raise StateError("accepted=false [ A fo i BEHIRZS™)

src/mecm26b/protocol/timing. py

wonpo Aijt iR . /measure 5 /clear PFEMI4ME,

162 S22 10T AT I 7 ) o W — AL il -
%185 105, 111, 194, 199 b (tests/test_protocol_timing.py [fk)
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% 7 i P A ASETTN BNV E AT . ASALL % P [W) — BRI DI e
PRI - AT -2 5 =775

from __future__ import annotations

from dataclasses import dataclass
from math import dist

from ..config import CostConfig, Vec2

@dataclass(frozen=True)
class CostBreakdown:

AR SR DT B3 + BOE (W) + Bhfdsr, v

move_s: float
switch_s: float
action_s: float

Q@property
def total_s(self) -> float:
return self.total_us / 1_000_000

Q@property
def total_us(self) -> int:
R BURAL R HCR AU 23t 5E T R g,
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. FERNHEELMEES: WME B R GE R S 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:
nnn ik /clear [IFENT.

/clear ] channel J&HApRFHLIEMGE, AUHRMAURGE, AP EHFHEFER 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 CRLRIAT) o e

return dist(a, b) / cost.speed_mps

src/mcm26b/protocol/transport.py

RTINS T R I O I SR

"REIS - HTTP A S R P SRR . TS AN ML .

HZiB{TH] :class: RequestsTransport™; HEMELIEFZA :class: LocalSimTransport”
(sim ) HF; BB PlaybackTransport. ME4EJIMCS LM 55—l

:class: “TransportError™ —— LIRS Bk " /] —3E" WHE A JF request_id
SEERAE D8I, @ client JE{RIIE.

from __future__ import annotations
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11 from dataclasses import dataclass

12

13 import requests

14

15

16 class TransportError (Exception):

17 O ERIZAIN AR b BEB. SRR . A R R,
18

19

20 @dataclass(frozen=True)
21 class TransportResponse:

22 status: int

23 body: bytes

24

25

26 class Transport:

27 "redRsN POST 2o [ZPRHIE, —IR—AMiER (BhEREAT) o "

28

29 def post(self, url: str, body: bytes, headers: dict[str, str],

30 timeout: tuple[float, float]) -> TransportResponse:

31 raise NotImplementedError

32

33

34 class RequestsTransport(Transport):

35 " FETF requests FUERINSEZFL. timeout=CEHE, HHEO. """

36

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

38 try:

39 response = requests.post(url, data=body, headers=headers, timeout=timeout)
40 except (requests.exceptions.Timeout, requests.exceptions.ConnectionError) as exc:
41 raise TransportError(str(exc)) from exc

2 except requests.exceptions.RequestException as exc: # HUZiHRZLSFH [FIFEHZ M 45 e ab R
43 raise TransportError(str(exc)) from exc

44 return TransportResponse (response.status_code, response.content)

src/mcm26b/routing. py

U R/ AL T RAR . PR TR SRR (S1/88) .

2

3 BTEN (docs/SE =D B8 5B AM B ML % .nd §1. §3.2. §3.4) :

4

5 - kPR AR GRS N SR ZRiE B AN BT R R — Al I

6 = RAFFEE TR, R = = B3t + £ et

7 - /MR (n < "CEXACT_LIMIT ") FEi%/H Held-Karp F&#fi DP, FUARHE KHT

8 HOEARITIE + 2-opt / Or-opt B(k, FIAZLEH #++MST T A+ M TIELE AN
9 - TARECUC TS ER", ARIULM e THE, WA 3/ ERIE L

10

58 B ERICEE B+ Ok) 5 WA HE T 4% ~ speed_mps™ ™ AbHE.
12 2-opt / Or-opt Ji] 0(1) HEARMTITAL. i n ~ 107 PR LERIPN K.

3o

14

15 from __future__ import annotations

16

17 import math

18

19 from .config import Vec2

20

21 EXACT_LIMIT = 13 # Held-Karp AfRZS%L 2°n - n: n=13 - 106 496, 4l Python W37
22 OR_OPT_LIMIT = 60 # VRl s B (I Bk BB 0r-opt (W, improve_open_path)
23

24

25 def path_length(order: list[Vec2], start: Vec2 = (0.0, 0.0)) -> float:

2 OPBBEKEE R start, ZAEH) o

27 total = 0.0

28 position = start

29 for point in order:

30 total += math.dist(position, point)

31 position = point
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32
33
34
35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
7
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100

101

return total

def nearest_neighbor_order(points: list[Vec2],

def

def

start: Vec2 = (0.0, 0.0)) -> list[Vec2]:

" LEATERE R (07, BER LR o

remaining = list(points)

orde

posi

whil

retu

two_

r: list[Vec2] = []

tion = start

e remaining:

nxt = min(remaining, key=lambda q: math.dist(position, q))
remaining.remove (nxt)

order.append (nxt)

position = nxt

rn order

opt_open(order: list[Vec2], start: Vec2 = (0.0, 0.0),
max_passes: int = 8) -> list[Vec2]:

"IPI R AR 2-opt (B FUREENERA B PE AR .

HERY 00 [e#% [i..3] FUEmT (prev, 1) 5 (j, next) Wi%il.

best
n =
if n

for _

retu

or_o

g
best
n =

if n

for _

= list(order)
len(best)
< 3:
return best
in range(max_passes):
improved = False
for i in range(n - 1):
prev = best[i - 1] if i > 0 else start
pi = best[i]
d_prev_i = math.dist(prev, pi)
for j in range(i + 1, n):
pj = bestl[j]
nxt = best[j + 1] if j + 1 < n else None
d_prev_j = math.dist(prev, pj)
removed = d_prev_i
added = d_prev_j
if nxt is not None:
removed += math.dist(pj, nxt)
added += math.dist(pi, nxt)
if added < removed - le-9:
best[i:j + 1] = best[i:j + 1][::-1]
improved = True
pi = best[i]
d_prev_i = math.dist(prev, pi)
if not improved:
break
rn best

pt_open(order: list[Vec2], start: Vec2 = (0.0, 0.0),
max_passes: int = 4, max_segment: int = 3) -> list[Vec2]:
r-opt: UK < max_segment WIRERR OFiulsfs, WEAM 0(1)) o "
= list(order)
len(best)
< 4:
return best
in range(max_passes):
improved = False
for length in range(l, min(max_segment, n - 1) + 1):
for i in range(0, n - length + 1):
segment = best[i:i + length]
rest = best[:i] + best[i + length:]
for j in range(len(rest) + 1):
if § == i:
continue
candidate = rest[:j] + segment + rest[j:]
if _segment_move_gain(best, i, length, j, start) > le-9:
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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:

116 """ order[i:i+length] FHEIEMZEBIRME j MLITE FIUKE (E=EH) . """
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 MREAR + 2-opt + Or-opt [ITFIRESTRBGE KB .

129

130 Or-opt IREITME 2 0(®), fE A0 :data: "OR_OPT_LIMIT [ JLfH
131 0(n?) fY 2-opt (JEHIMET Or-opt MIMIWILEREL/NT HEEEMM) o

132 e

133 order = nearest_neighbor_order(points, start)

134 order = two_opt_open(order, start, max_passes)

135 if len(order) > OR_OPT_LIMIT:

136 return order

137 return or_opt_open(order, start, max_passes)

138

139

140 def held_karp_open(points: list[Vec2], start: Vec2 = (0.0, 0.0)) -> list[Vec2]:
141 """Held-Karp Hi#fIFiitfe CREAEE. Zxal) .

142

143 RZE " dpmask] [3]1°° = PiAES mask. MHHETE j ME/NCE:

144 ¥k 2°n - n, (WHTF n < :data: EXACT_LIMIT . iR [l MEis bl .

145 e

146 n = len(points)

147 if n ==

148 return []

149 if n ==

150 return list(points)

151 dist = [[math.dist(points[il, 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 << jl[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
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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[j])

180 previous = parent [mask] [j]

181 mask "= 1 << j

182 j = previous

183 order.reverse()

184 return order

185

186

187 def optimal_open_path(points: list[Vec2], start: Vec2 = (0.0, 0.0),
188 exact_limit: int = EXACT_LIMIT) -> list[Vec2]:
9 EAR (R JPREE: AVILBOREH. 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 " ENEAIE (Prim, 0(n?)) 3 & start W4 HIT R AR R ER T A
198

199 TR M BR Ee e J5 — S i PR — AR b, i MST N < b kK)E.
200 o

201 nodes = ([start] if start is not None else []) + list(points)
202 n = len(nodes)

203 if n <= 1:

204 return 0.0

205 in_tree = [False] * n

206 best = [float("inf")] * n

207 best[0] = 0.0

208 total = 0.0

209 for _ in range(n):

210 u, u_cost = -1, float("inf")

211 for i in range(n):

212 if not in_tree[i] and best[i] < u_cost:

213 u, u_cost = i, best[i]

214 if u < 0:

215 break

216 in_tree[u] = True

217 total += u_cost

218 ux, uy = nodes[u]

219 for v in range(n):

220 if in_tree[v]:

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—#ELASE KAL) o

230 seen: set[tuplelint, int]] = set()

231 unique: list[Vec2] = []

232 for point in points:

233 key = (int(round(point[0] / cell_m)), int(round(point[1] / cell_m)))
234 if key in seen:

235 continue

236 seen.add (key)

237 unique.append((float(point[0]), float(point[11)))

238 return unique

239

240

241 def route_metrics(service_points, actual_move_m: float,
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242 speed_mps: float = 5.0) -> dict:

243 nr Rk RE R BRI . MST FHSHAXT gap (S1 ARF)) o
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 }

scripts/audit_paper_formal.py

1 """Audit only the formal exports selected in the official simulator's test folder.
2

3 No encrypted payload is opened. Match the public activation-ticket digest to the
4 official statistics queue, and the complete package digest to its result sidecar.
5 Export a minimal, anonymous snapshot and reproducible paper tables (stdlib only).
6 mun

7 from __future__ import annotations

8

9 import argparse

10 import base64

11 import csv

12 import hashlib

13 import json

14 import sqlite3

15 import struct

16 from decimal import Decimal, ROUND_HALF_UP
17 from pathlib import Path

19 ROOT = Path(__file__).resolve().parents[1]
20 FIELDS = (

21 "entered", "end_reason", "cleared_jammer_count", "measure_accepted_count",
22 "virtual_time_us", "program_run_duration_ms", "channel_switch_count",
23 "clear_failure_count", "state",

24 )

25

26

27 def sha(data: bytes) -> str:

28 return hashlib.sha256(data) .hexdigest()

29

30

31 def public_header(path: Path) -> tuplel[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(1).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 * row["clear_failure_count"])
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116
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118
119

if count <= O or movement < 0:
raise ValueError("Invalid counts or negative inferred movement time")

return {

"virtual_time_s": str(total),

"average_clear_time_s": fixed(total / count, 6),

"program_run_duration_s": fixed(Decimal (row["program_run_duration_ms"]) / 1000),
"inferred_movement_time_s": str(movement),

"inferred_distance_m": str(5 * movement),

"movement_share_percent": fixed(100 * movement / total, 6),

"source_total": None,

"clear_fraction": None,

def collect(sim: Path) -> list[dict]:
selected = sorted((sim / "test").rglob("*.jlog"))

def

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

write_outputs(rows: list[dict], out: Path) -> None:
out.mkdir (parents=True, exist_ok=True)

snapshot = {

"schema": "paper-formal-audit-v1",
"selection": "Only Jammers-simulator-full/test/**/*.jlog",

"statistics_source":
activation ticket",

"limitations":

[

"Official formal-statistics-queue.sqlite3; matched by SHA-256 of the public

"Encrypted action payloads are not decrypted; no trajectory or bearing observations are

available.",

"Source totals and omnidirectional/directional counts are not disclosed.",
"Queue state confirmed is a statistics submission acknowledgement, not a clearance-ratio

score.",
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177

178
179

def

"No solver commit or configuration digest is bound to these public statistics.",
"The third formal attempt for each problem is not present in the selected data.",
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):
row = by_index.get (index)
if row is None:
lines.append (£"{llif {index} & F4EfLids: & —- & —— & —— " + r"\\")
else:
avg = Decimal (row["virtual_time_us"]) / 1_000_000 / row["cleared_jammer_count"]
lines.append (£"{lli#, {index} & \\texttt{{{row['case_code']}}} & {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
"N\
(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 ([£"\\newcommand{{\\Q{word}Count}}{{{count}}}",
f£"\\newcommand{{\\Q{word}Weighted}}{{{fixed(total/count)}}}",
£"\\newcommand{{\\Q{word}Mean}}{{{fixed (mean)}}}"1)
(out / "formal-macros.tex").write_text("\n".join(constants) + "\n", "utf-8")
audit = ["# EXMWEREPEAZF, ", "Mk - Jammers-simulator-full/test™ FHIEXSFHM. ",
"IN ERRE . AT LI EE) 5 S . AR R L result MISCHR EEARIG A TLRLE T IER
G EREE. v,
"SRR AT BAER. FENA. BPEERRSERE.
"% | ERFE | EA—8 | f SHA-256 |, "| --= | === | === | ——= |"]
for row in rows:
audit.append(f"| {row['case_code']} | Q{row['problem_no'l}-{row['formal_index']} | J& | ~{row['
package_sha256']1}" |")
audit += ["", "IN RICREE SRR, BTN R E 728, PIUENERRI R = SRR / 5Bk
.o,
"R B ) R IR I AT R ) S R BRI B s SR R B R AR S .
"“confirmed” {WIRGEIIHRZHIIN, “user_exit™ (UIREFRH . BEECKRM, TreitralE. v,
"= PUREREE ZER R AL SR B AR SR AR,
YRR R B AR s ATV SRR PSS AR I, SRR X DU R XY B S AL O T . v,
"]
(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:
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180 rows = json.loads(args.snapshot.read_text("utf-8")) ["records"]

181 for row in rows:

182 if derive(row) !'= row["derived"]:

183 raise ValueError("Snapshot arithmetic changed")

184 path = args.sim_root / row["file"]

185 if path.exists() and public_header(path)[1] !'= row["package_sha256"]:

186 raise ValueError("Snapshot and formal export disagree')

187 else:

188 rows = collect(args.sim_root)

189 write_outputs(rows, args.out)

190 for row in rows:

191 print (£"Q{row['problem_no']}-{row['formal_index']} {row['case_code']l}: "

192 f"cleared={row['cleared_jammer_count']} average={row['derived']['average_clear_time_s']} s
n

193 f"real={row['derived'] ['program_run_duration_s']} s")

194

195

196 if __name__ == "__main__":

197 main()

scripts/build_paper_support.py
"""Build vector figure sources, comparison tables, source listings, and a support ZIP.

Formal figures use the audited snapshot only. Geometric figures use declared
algorithm parameters, not fabricated observations or hidden simulator data.

The paired optimal-versus-baseline tables are generated from project/results/*.json
so that no number in the comparison section is hand copied.

from __future_

import annotations

Nl - Y R S

10 import argparse

import hashlib

12 import json

13 import zipfile

14 from decimal import Decimal, ROUND_HALF_UP
15 from pathlib import Path

—_

17 ROOT = Path(__file__) .resolve().parents[1]
18 PAPER = ROOT / "docs/paper"
19 PROJECT_RESULTS = ROOT / "project/results"

21 # Display copies only: executable Python files remain byte-for-byte unchanged.
22 ESCAPE_QPEN = "(" + "x@"

23 ESCAPE_CLOSE = "@x" + ")"

24 LATEX_SYMBOLS = {

25 "\uO3b1": r"\alpha", "\uO3b4": r"\delta", "\uO3b8": r"\theta",

26 "\uO3bb": r"\lambda", "\u03cO0": r"\pi", "\uO3ci1": r"\rho",

27 "\u03c6": r"\varphi", "\u2308": r"\lceil", "\u2309": r'"\rceil",

28 "\u2200": r"\forall", "\u2203": r"\exists", "\u2205": r"\varnothing",
29 "\u2208": r"\in", "\u2227": r"\wedge", "\u2229": r"\cap",

30 "\u222a": r"\cup", "\u2248": r"\approx", "\u2264": r"\le",

31 "\u2265": r"\ge", "\u2286": r"\subseteq", "\u2287": r"\supseteq",

32 "\u27£9": r"\Longrightarrow",

33}

34

35

36 def escaped_listing(source: str) -> str:

37 if ESCAPE_QOPEN in source or ESCAPE_CLOSE in source:

38 raise ValueError("Source collides with the LaTeX escape delimiters")
39 return "".join(

40 ESCAPE_OPEN + r'"\ensuremath{" + LATEX_SYMBOLS[c] + "}" + ESCAPE_CLOSE
41 if ¢ in LATEX_SYMBOLS else c for c in source

42 )

43

44

45 def digest(data: bytes) -> str:

46 return hashlib.sha256(data).hexdigest()

47
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48
49 def figures(rows: list[dict]) -> None:

50 out = PAPER / "figures"

51 out.mkdir (parents=True, exist_ok=True)

52 colors = ["inkblue", "inkblue!50", "warmgray!70", "black!18"]

53 bars = [

54 r"\begin{figure} [htbp]\centering",

55 r"\begin{tikzpicture}[x=0.00108cm,y=0.85cm,font=\smalll",

56 ]

57 for j, row in enumerate(rows):

58 y=3-7j

59 components = [Decimal(row["derived"]["inferred_movement_time_s"]),

60 Decimal(5 * row["measure_accepted_count"]),

61 Decimal (row["channel _switch_count"]),

62 Decimal(5 * row["cleared_jammer_count"] + 3 * row["clear_failure_count"])]

63 label = f"Q{row['problem_no']}-{row['formal_index']}"

64 bars.append (fr"\node [anchor=east] at (-100,{y + 0.3}) {{{labell}}};™)

65 current = Decimal(0)

66 for amount, color in zip(components, colors):

67 bars.append(fr"\fill[{color}] ({current},{y}) rectangle ({current + amount},{y + 0.6});")

68 current += amount

69 bars.append (fr"\node [anchor=west,font=\scriptsize] at ({current + 80},{y + 0.3}) {{{current:.1f
LR D)

70 bars.append(r"\draw[->] (0,-0.25)--(10500,-0.25);")

71 for tick in range(0, 10001, 2000):

72 bars.append (fr"\draw ({tick},-0.25)--({tick},-0.35) node[below,font=\scriptsize] {{{tick}}};")

73 bars.append(r'"\node [anchor=west,font=\scriptsize] at (10400,-0.65) {s};")

74 for x, color, label in zip((0, 2600, 5200, 7600), colors, ("F&z", "Kill", "fusii", "JEkE")):

75 bars += [fr"\fill[{color}] ({x},-1.3) rectangle ({x + 350},-1.05);",

76 fr"\node [anchor=west] at ({x + 450},-1.175) {{{label}}};"]

77 bars += [

78 r"\end{tikzpicturel}",

79 r"\caption{ PUUIER M A R T HEAUFERT o % B0 dy 2 I Il B B 5 B E T RO BRI S At 3,

80 r"\label{fig:costbars}\end{figurel}",

81 ]

82 (out / "formal-time-bars.tex").write_text("\n".join(bars) + "\n", "utf-8")

83

84

85 def fixed(value: float | None, digits: int = 3) -> str:

86 if value is None:

87 return "--"

88 return str(Decimal(str(value)).quantize(Decimal(1).scaleb(-digits), rounding=ROUND_HALF_UP))

89

90

91 def percent(value: float | None, digits: int = 1) -> str:

92 if value is None:

93 return "--"

94 return fixed(100 * value, digits) + r"\}%"

95

96

97 def flag(value: bool | None) -> str:

98 return "--" if value is None else ("/&" if value else "{;")

99

100

101 def project_tables() -> None:

102 """Generate the optimal-versus-baseline comparison tables from project/results."""

103 out = PAPER / "data"

104 out.mkdir(parents=True, exist_ok=True)

105 data = {name: json.loads((PROJECT_RESULTS / f"{name}.json").read_text("utf-8"))

106 for name in ("ql", "g2", "g3", "q4™)}

107 examples, random = datal["ql"]["aggregate_examples"], datal["ql"]["aggregate_random"]

108 two = datal["q2"]["aggregate"]

109 three, paired3 = datal["q3"]["aggregate"]["variants"], datal["q3"]["aggregate"] ["paired"]

110 four, paired4 = data["q4"]["aggregate"]["variants"], datal["q4"]["aggregate"] ["paired"]

111 head = "), Generated by scripts/build_paper_support.py from project/results/*.json."

112

113 macros = [

114 ("ProjQOneExampleCases", str(examples["cases"])),

115 ("ProjQOneRandomCases", str(random["cases"])),

116 ("ProjQOneFixedStatusBase", percent(examples["status_accuracy_baseline"])),
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117 ("ProjQOneFixedMaeBase", fixed(examples["diameter_mae_baseline_m"])),

118 ("ProjQOneFixedMaeMaxBase", fixed(examples['"diameter_max_err_baseline_m"])),

119 ("ProjQOneFixedCoverBase", percent(examples["coverage accuracy_baseline"])),

120 ("ProjQ0OneFixedMsOpt", fixed(examples["runtime_optimal_mean_ms"])),

121 ("ProjQOneFixedMsBase", fixed(examples["runtime_baseline _mean ms"])),

122 ("ProjQOneRandStatusBase", percent(random["status_accuracy_baseline"])),

123 ("ProjQOneRandMaeBase", fixed(random["diameter_mae_baseline m"])),

124 ("ProjQOneRandMaeMaxBase", fixed(random["diameter_max_err_baseline _m"])),

125 ("ProjQOneRandCoverBase", percent(random["coverage_accuracy_baseline"])),

126 ("ProjQOneRandMsOpt", fixed(random["runtime_optimal_mean_ms"])),

127 ("ProjQOneRandMsBase", fixed(random["runtime_baseline_mean_ms"])),

128 ("ProjQTwoCases", str(two["optimal"]["cases"])),

129 ("ProjQTwoInitialRadius", fixed(two["_initial_ radius_mean _m"])),

130 ("ProjQTwoGuaranteeOpt", percent(two["optimal"]["guaranteed_rate"])),

131 ("ProjQTwoGuaranteeMec", percent(two["baseline_mec"]["guaranteed_rate"])),

132 ("ProjQTwoGuaranteePerp", percent(two["baseline_perp"]["guaranteed_rate"])),

133 ("ProjQTwoWorstOpt", fixed(twol["optimal"]["worst_posterior_mean_m"])),

134 ("ProjQTwoWorstRef", fixed(two["reference"] ["worst_posterior_mean_m"])),

135 ("ProjQTwoRatioOpt", fixed(two["optimal"]["final ratio_mean"])),

136 ("ProjQTwoRatiolMec", fixed(two["baseline_mec"]["final_ratio_mean"])),

137 ("ProjQTwoWorstPerp", fixed(two["baseline_perp"]["worst_posterior_mean_m"])),

138 ("ProjQTwoWorstMec", fixed(two["baseline_mec"]["worst_posterior_mean_m"])),

139 ("ProjQThreeScenes", str(three["optimal"]["episodes"])),

140 ("ProjQThreeMeanOpt", fixed(three["optimal"]["virtual_time_mean_s"])),

141 ("ProjQThreeMeanSeven", fixed(three["seven"]["virtual_time_mean_s"])),

142 ("ProjQThreeMeanBase", fixed(three["baseline"]["virtual_time_mean_s"])),

143 ("ProjQThreeDropOpt", percent(-paired3["optimal_vs_baseline"]["mean_relative_change"l)),

144 ("ProjQThreeDropMedianOpt",

145 percent (-paired3["optimal_vs_baseline"] ["median_relative_change"])),

146 ("ProjQThreeDropSeven", percent(-paired3["seven_vs_baseline"]["mean_relative_change"])),

147 ("ProjQThreeFasterOpt",

148 f"{paired3['optimal_vs_baseline'] ['faster_scenes']}/{paired3['optimal_vs_baseline'] ['compared
1,

149 ("ProjQThreeMeasuresOpt", fixed(three["optimal"] ["measures_mean"])),

150 ("ProjQThreeMeasuresBase", fixed(three["baseline"]["measures_mean"])),

151 ("ProjQThreeMoveOpt", fixed(three["optimal"]["move_distance_mean_m"] / 1000)),

152 ("ProjQThreeMoveBase", fixed(three["baseline"]["move_distance_mean_m"] / 1000)),

153 ("ProjQThreeWallOpt", fixed(three["optimal"]["compute_wall_mean_s"])),

154 ("ProjQFourScenes", str(four["optimal"]["episodes"])),

155 ("ProjQFourMeanOpt", fixed(four["optimal"]["virtual_time_mean_s"])),

156 ("ProjQFourMeanGrid", fixed(four["baseline_grid"]["virtual_time_mean_s"])),

157 ("ProjQFourMeanBase", fixed(four["baseline"]["virtual_time_mean_s"])),

158 ("ProjQFourClearOpt", percent(four["optimal"]["cleared_ratio_mean"])),

159 ("ProjQFourClearGrid", percent(four["baseline_grid"]["cleared_ratio_mean"])),

160 ("ProjQFourClearBase", percent(four["baseline"]["cleared_ratio_mean"])),

161 ("ProjQFourAbsentBase", str(four["baseline"]["absent_misjudged_total"l)),

162 ("ProjQFourMeasuresOpt", fixed(four["optimal"]["measures_mean"])),

163 ("ProjQFourMeasuresBase", fixed(four["baseline"]["measures_mean"])),

164 ("ProjQFourFallbackOpt", fixed(four["optimal"]["fallback_clear_attempts_mean"])),

165 ("ProjQFourValidOpt",

166 f"{four['optimal'] ['valid_episodes']}/{four['optimal'] ['episodes']}"),

167 ("ProjQFourValidGrid",

168 f"{four['baseline_grid'] ['valid_episodes']}/{four['baseline_grid']['episodes']1}"),

169 ("ProjQFourRiseOpt", percent(paired4["optimal_vs_baseline"] ["mean_relative_change"])),

170 ("ProjQFourMoveOpt", fixed(four["optimal"]["move_distance_mean_m"] / 1000)),

171 ("ProjQFourMoveBase", fixed(four["baseline"]["move_distance_mean_m"] / 1000)),

172 ]

173 lines = [head] + [f"\\newcommand{{\\{namel}}}{{{value}}}" for name, value in macros]

174 (out / "project-macros.tex").write_text("\n".join(lines) + "\n", "utf-8")

175

176 def write(stem: str, rows: list[str]) -> None:

177 (out / stem).write_text("\n".join([head, *rows]) + "\n", "utf-8")

178

179 write("project-overview-rows.tex", [

180 " & BORRS & BRI & FRZRSLEL o+ r\\",

181 £'1 & HAPEHYaRHRE / BEAERER®R & {fixed(random['diameter_mae_optimal m'])} m / "

182 f"{percent (random['coverage_accuracy_optimal'])} & {fixed(random['diameter_mae_baseline_m'])} m
/ "

183 f"{percent (random['coverage_accuracy_baseline'])} " + r"\\",

184 £'2 & fRIEEIRER / BIR WA E & {percent (two['optimal'] ['guaranteed_rate'])} / "
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185

186
187
188

189
190
191

192
193
194

196
197
198
199
200

202
203
204

205

206
207
208

209

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

f"{fixed(two['optimal'] ['worst_posterior_mean m'])} m & {percent(two['baseline_mec']['
guaranteed_rate'])} / "

f"{fixed(two['baseline_mec'] ['worst_posterior mean m'])} m " + r"\\",

£"3 & VER / EHERIFEN & {percent(three['optimal']['cleared_ratio_mean'])} / "

f"{fixed(three['optimal'] ['virtual_time_mean_s'])} s & {percent(three['baseline']["'
cleared_ratio_mean'])} / "

f"{fixed(three['baseline'] ['virtual_time_mean_s'])} s " + r"\\",

£'4 & VR / BEiRAESE & {percent (four['optimal']['cleared_ratio_mean'])} / "

f"{four['optimal'] ['absent_misjudged_total'l} & {percent(four['baseline']['cleared_ratio_mean'])
/0

f"{four['baseline'] ['absent_misjudged_total']} " + r"\\",
ID)

write("project-ql-example-rows.tex", [
f"{row['name']} & {fixed(row['diameter_ref m'])} & {fixed(row['diameter_opt_m'])} & "
f"{fixed(row['diameter_base_m'])} & {fixed(row['abs_err_base m'])} & "
f'"{flag(row['covers_ref'])} & {flag(row['covers_opt'])} & {flag(row['covers_base'])} " + r"\\"
for row in data["q1"]["examples"]

D

write("project-ql-summary-rows.tex", [
£ (5% {examples['cases']} fjil) & {percent(examples['status_accuracy_optimal'])} & "
f"{fixed (examples['diameter_mae_optimal m'])} & {fixed(examples['diameter_max_err_optimal_m'])}
& n
f"{percent (examples['coverage_accuracy_optimal'l)} & {fixed(examples['runtime_optimal_mean_ms'])
} n + rli\\"’
£ 5%l (FEdl {random['cases']} ff]) & {percent(random['status_accuracy_optimal'])} & "
f"{fixed(random['diameter_mae_optimal_m'])} & {fixed(random['diameter_max_err_optimal _m'])} & "
f"{percent (random['coverage_accuracy_optimal']l)} & {fixed(random['runtime_optimal_mean ms'])} "
+ r"\\ll’
£ 3L ([H%E {examples['cases']} fji]) & {percent(examples['status_accuracy_baseline'])} & "
f"{fixed(examples['diameter_mae_baseline_m'])} & {fixed(examples['diameter_max_err_baseline_m'])
} & n
f"{percent (examples['coverage_accuracy_baseline'])} & {fixed(examples['runtime_baseline_mean_ms
|])} "o I‘"\\",
£ 382 (JEH] {random['cases']} i) & {percent(random['status_accuracy_baseline'])} & "
f"{fixed(random['diameter_mae_baseline_m'])} & {fixed(random['diameter_max_err_baseline_m'])} &

f"{percent (random['coverage_accuracy_baseline'])} & {fixed(random['runtime_baseline_mean_ms'])}
n + r"\\"’

D

write("project-q2-rows.tex", [
f"{label} & {percent(twol[key] ['guaranteed_rate'])} & {fixed(twol[key] ['worst_posterior_mean_m'])}
& n
f"{fixed (two[key] ['worst_posterior_median m'])} & {fixed(twol[key] ['improvement_mean m']J)} & "
f"{fixed(two[key] ['final_ratio_mean'])} & {fixed(twol[key] ['move_cost_mean_s'], 2)} " + r"\\"
for key, label in (("optimal", "H¥:2 (ERIAZESD) "), ("reference", "Z:%: HINMAEHME"Y,
("baseline_perp", "Ft4k: IE 1000 m"), ("baseline_mec", "FEZk: {EERL.O"))
D

def variant_rows(table: dict, mapping: list[tuple[str, str]l]l) -> list[str]:
return [
f"{label} & {tablel[key] ['valid_episodes']}/{table[key]['episodes']} & "
f"{percent (table[key] ['cleared_ratio_mean'])} & {table[key]['absent_misjudged_total'l} & "
f"{fixed(table[key] ['virtual_time_mean_s'])} & {fixed(table[key]['virtual_time_median_s'])}

f"{fixed(table[key] ['virtual_time_max_s'])} & {fixed(table[key] ['measures_mean'], 1)} & "

f'{fixed(table[key] ['move_distance_mean_m'] / 1000)} & {fixed(table[key]['
fallback_clear_attempts_mean'], 1)} "

+ rll\\"

for key, label in mapping

write("project-q3-rows.tex", variant_rows(three, [

("optimal", "bayes (ERIAIKHEE) "), ("seven", "seven (LifltE) "), ("baseline", "grid (49 fELMHE) "
Y1)
write("project-g4-rows.tex", variant_rows(four, [

("optimal", "directional (ERIAZEME) "), ("baseline_grid", "grid (H=M4%) "),

("baseline", "bayes (JHFHE=3M%) ")1))
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def listings(rows: list[dict]) -> None:

data = PAPER / "data"

files = sorted((ROOT / "src/mcm26b").rglob("*.py"))

files += [ROOT / "scripts/audit_paper_formal.py",

ROOT / "scripts/build_paper_support.py"]

text = [
r"\begingroup",
r"\linespread{1.0}\selectfont",
r"\lstset{basicstyle=\ttfamily\fontsize{8}{10}\selectfont ,numberstyle=\tiny,"
r'"aboveskip=6pt,belowskip=8pt,xleftmargin=1.5em,frame=nonel}",

]

for path in files:
rel = path.relative_to(ROOT).as_posix()
display = data / "listing-source" / (rel + ".tex")
display.parent.mkdir(parents=True, exist_ok=True)
display.write_text(escaped_listing(path.read_text("utf-8")), "utf-8")
display_rel = display.relative_to(PAPER).as_posix()
escape_option = "escapeinside={" + ESCAPE_OPEN + "}{" + ESCAPE_CLOSE + "}"
text += [fr"\subsection*{{\pathtext{{{rel}}}}}",

fr"\1lstinputlisting[{escape_option}]{{{display_rel}}}"]

text.append(r'"\endgroup")

(data / "source-listings.tex").write_text("\n".join(text) + "\n", "utf-8")

table = [
r"\begin{longtable}{p{1.15cm}p{13.3cm}}",
r"\caption{fiFi 1E: 5 H 15 52 B AU MA 7\ label{tab: packages}\\",
r"\toprule Zf| & JFIEC 144 SHA-256\\\midrule\endfirsthead",
r"\toprule Zf| & JIACHE4 % SHA-256\\\midrule\endhead",

for row in rows:
h = row["package_sha256"]
label = f£"Q{row['problem_no'l}-{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 = """# {30 S Pif)

RGBS test PRI G IER S 22 e A5 DU RCH S 77 e it
W= AR =B E R EEEACR, RN E.
TR EIRE R4, EAREASINS SRR,

i IRHERIIEST

Python >=3.10; %% requests, Wit numpy &,
A H % #F PowerShell:

$env:PYTHONPATH = (Resolve-Path src).Path

python -m mcm26b.cli --help

python -m mcm26b.cli run --problem 3 --strategy bayes —-robot-id <Wfl#iEENS>
python -m mcm26b.cli run --problem 4 --strategy directional --robot-id <IH#s% NS>

TEL fir 4 T TS0 Pl P 5 7R R 7 Al th e Bl e e o

HEISCRBITREIEL AT S H PPN 3 3375 A E AR ST S8 ek
SRS AR 400 Je 73— AT L referee 1. AL TIER$E M H1R.

# BRSO

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

FiR A &Y B AL, A SR I

B AR BRIR 1 s 7 IESRGE NS, i i SR Ay D iy 4 .
BOA AT N W] B E R SR SORFN LA GA A, ARz FAOR TRIL AT
A5 IE X TR AR R I . AR ) 75 M Rl 4 3 4 AR
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348
349

350

351

364

374

LA A BHOIESE . IREKET joint_empty JEM HIIEIEL.
# Y
2244 TeX Live (XeLaTeX. ctex. TikZ) , ¥EA docs/paper:
latexmk -xelatex -interaction=nonstopmode -halt-on-error main.tex

Ji A DR 00 E BhR o A T S AN SRR A SRRl R H
docs/paper/fonts H Sl [l [i] — XL B ANEEBURHR DI ARX 2L 14
i latexmk HBI5EHA X5 AIHRHZmAmRE, AGEHIZ T —IK XelaTeX,
support-manifest.json F AN IR GEHEH BN 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("x"))
selected.update ((PAPER / "figures").glob("*.tex"))
selected.update ((PAPER / "sections").glob("*.tex"))
selected.update((ROOT / "docs/figures").glob("*.png"))
selected.update((ROOT / "docs/figures").glob("*.json"))
selected.add(ROOT / "docs/figures/README.md")
selected.update(path for path in (ROOT / "project").rglob("x")
if path.is_file() and "__pycache__" not in path.parts)
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"]:
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:
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)
project_tables()
listings(rows)
if args.package:
package (rows)

if __name == "_main__":

main()
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