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Abstract: In ubiquitous computing environments, operating systems are required to provide unified support across
heterogeneous hardware and dynamic applications in diverse computational scenarios, thereby ensuring system continuity
and security. Formal verification, as a key technique for guaranteeing the correctness of operating system kernels, has
played an essential role in building high-assurance systems. Among various approaches, interactive theorem proving offers
the most rigorous and reliable correctness guarantees. The verification of the seL.4 microkernel demonstrates that, although
formal methods can ensure strong correctness, they incur extremely high verification costs. The seL4 team has spent nearly
two decades constructing over one million lines of formal proofs, with verification costs far exceeding those of system de-
velopment. Moreover, the verification process lacks sufficient portability across different computational scenarios. When
the system is ported to a new hardware platform, verification engineers are often required to redo large-scale proofs, which
severely limits the applicability of formal methods in ubiquitous computing environments. To mitigate this issue, the seL.4
team proposed decomposing proofs into scenario-independent and scenario-dependent components, enabling partial reuse of

verification results. However, this decomposition heavily relies on expert knowledge, making it difficult to perform effi-
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ciently and prone to human error. To address these challenges, this paper proposes ArchiDistill, an automated method based
on knowledge distillation. The proposed method aims to identify key semantic components in interactive theorems that are
related to computational scenarios, thereby facilitating structured decomposition of verification tasks and cross-scenario
transfer. ArchiDistill transfers semantic and pattern knowledge from large-scale pretrained models to a lightweight model,
and enhances its performance through multi-task distillation, auxiliary tasks, and curriculum learning strategies. This en-
ables accurate identification of scenario-related characteristics and improves cross-platform generalization capability. In the
experimental evaluation, we construct a multi-scenario verification dataset based on the seL4 kernel, consisting of 16 975
samples, and conduct a comprehensive assessment of the proposed method. The results show that ArchiDistill achieves su-
perior performance on the task of scenario-related theorem identification, with an accuracy of 0.736 2, precision of 0.707 6,
recall of 0.720 0, and F,-score of 0.712 0. These results outperform both the traditional model TextRNN with an accuracy of
0.664 7 and the open-source large language model Qwen3-32B with an accuracy of 0.709 6 and an F,-score of 0.630 2.
While maintaining a lightweight architecture, ArchiDistill achieves an effective balance between performance and efficien-
cy. Furthermore, we construct a new dataset based on the CompCert project to evaluate the generalization capability of the
proposed method. Experimental results demonstrate that ArchiDistill maintains strong stability and applicability in cross-
task scenarios.

Keywords: ubiquitous operating system; interactive theorem proving; computing scenario relevance; knowledge dis-
tillation; multi-task learning; curriculum learning; seL.4 kernel
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Figure 1  Overview of the ArchiDistill framework
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Table 3 Performance comparison with traditional machine learning and deep learning models

itk sel4 CompCert
itk Accuracy Precision Recall F -score Accuracy Precision Recall F -score
LR 0.469 0 0.508 2 0.508 7 0.467 5 0.960 3 0.970 8 0.944 8 0.9557
SVM 0.458 1 0.499 2 0.499 1 0.476 8 0.986 0 0.987 7 0.9819 0.984 7
RF 0.438 4 0.500 2 0.500 2 0.438 3 0.953 3 0.963 8 0.936 5 0.947 8
MLP 0.589 3 0.550 6 0.553 4 0.550 8 0.993 0 0.994 6 0.990 3 0.992 4
NB 0.480 5 0.562 3 0.5577 0.479 6 0.927 6 0.949 2 0.899 4 0.9173
KNN 04321 0.490 6 0.490 7 04321 0.941 6 0.9424 0.9302 0.935 8
TextCNN 0.346 2 0.549 0 0.505 7 0.278 9 0.948 6 0.962 8 0.928 6 0.9422
TextRNN 0.664 7 0.549 3 0.504 8 0.4249 0.8879 0.891 6 0.862 6 0.874 0
TextRNN_Att 0.373 6 0.5289 0.511 1 0.3359 0.9369 0.925 4 0.949 3 0.933 6
ArchiDistill 0.736 2 0.707 6 0.7200 0.7120 0.997 7 0.998 2 0.996 8 0.997 5
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[ T 5, 68 6% P 5 db TRU1 DG SR 153 37 S5 AH G 3L, DA
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Yy sl 5 e 2 A sl .
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W, R B 2% 2] BB AEAZAT: 55 h A 5 IF A ] 8., Tex-
tRNN [ F,-score 1 2~ 0.874 0, 1fii TextCNN Al Tex-
tRNN_Att 4351 24 0.942 2 F10.933 6, 136 B . % 45 44 £k
AR A B . A Z R, ArchiDistill 7E Comp-
Cert | K 9% 14 435 400 0 Accuracy 5 ik 0.997 7, Preci-
sion , Recall 1 F -score ¥J## 1 0.996, 78 77 J iE T %5
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SRS (£ 0.02~0.03 ms ) , 76 S 5 75 k1 22 ) 52
BT R AT 38 A TR S T R SRR 55 i
HARE RIS, AR EPE4E I (sel4 5 CompCert )
H RS S RO A A 25 5 . X B 2R T A FRIE 4
JE S NE R AR . R 2R I BAL iR A 2 S
B 5 3R KN LA G, TR A B s £ 1 R A
BARBseld I i AZSHEERZ , FHAMESH
ARG I . 9140, TextCNN 7 sel4 | (19 S 5045 K
35.49 MB, 1fi 7£ CompCert -4 9.54 MB, /&L T 4t A %5
(i) RS B T8 2 R 1 s e . [R) AT DL E
TextRNN . TextRNN_Att M 4 F TextRNN A4 ArchiDistill
ES BB AR+ — B (¥ 3591 MB/9.96 MB) .
HLJR R A F = JE A R W 4% 3 R 4548 5 2 400
B AR A S OB G IR 2 2, HEOR A
A ) 8 B 4 B 5 2 80, TextRNN_Att 7E TextRNN [
Ferl BAUIE I T — AR AL ZALH AT A
B R) R FIASE T I 25 2 280, T J2 8 2ok X% RNN FRUR & 1y
OB S IR AE R G, T UL AR S B A S AR —
o ArchiDistill 75 B 2544 51 AR ZEEHLE] , 38 o
YU AU 45 e A BORY (R I 25 R 2 AR A R AR M 45
R eRECG AL Hbn , AN EUE 2 A BRI 254 5 S 804k
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Table 4 Comparison of resource consumption in training and inference stages with traditional machine learning and deep learning models

e BRI SR/ MB b /s i 28 5 A7 i FH/MB T——
sel4 CompCert sel4 CompCert sel4 CompCert

LR 0.18 0.05 0.05 0.10 cpu-only 0.38
SVM 0.18 0.05 55.40 1.14 cpu-only 0.64
RF 0.09 0.03 6.28 0.30 cpu-only 2.73
MLP 9.02 2.78 82.83 11.99 cpu-only 0.41
NB 0.09 0.03 0.34 0.09 cpu-only 0.37
KNN 0.09 0.03 0.33 0.08 cpu-only 1.40
TextCNN 35.49 9.54 7.94 2.09 88.56 36.67 0.03
TextRNN 35.91 9.96 9.67 3.14 106.91 54.93 0.02
TextRNN_Att 3591 9.96 9.83 1.66 106.93 54.96 0.03
ArchiDistill 3591 9.96 27.40 10.75 106.93 54.96 0.04
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BT AT R R R T R
4.2 SEXTEASERE 2 B

L5 R THEMIIL E T, ArchiDistill 5 2 F I
TR 5 BERL DL S O AL B ChatGPT-4o 7E seld 5
CompCert W4l 46 A PEREXT LA . BEARRE |
SRS B SR T T IR IR ORI R A A DGR
55 BRI B HLAEA R PEAN 8 bR Z AT A —
W3, U H & AF Precision 5 Recall B -1 57 1H . 1
sel A BUHEAE b, PR RIS 5 R0 e 30 — 5 19 41 531
RE ). Bl R MR B34 O AR MERE R I B
#oOH Qwen3-32B 1) Accuracy ik # 0.709 6, F\-score
40.630 2, TEJT UM R v R Bl e A . RN, i A U 7

Recall F A5 R 0.624 4, BR ] T 44K F -score 1) i#f —
LT DeepSeek-V3 Y ChatGPT-40 fE Precision |- 3%
BACHZE M, 43135 5] 0.806 9 F10.799 9, fH H Recall
BT 0.54, FHBF ~score 53 HI{LH 0.471 3 F10.478 8,
2 T Rl 2 KAl v Pk BEASE AL, 75324 55 rh i L)
[A] B} 3 Bl Precision 5 Recall, #H kb 2 F , CodeLlama-
13B 5 Qwen3-8B A% 4% {4 & B0 AH X B2 e, (1 Accuracy 5
F -score {5 B @ A% T R ALBAL R . AHELZ T, Archi-
Distill 7 seL4 B4k 5 1 1Y & T 45 b5 2 W % 40 T B ik
AL, H: Accuracy 15 5] 0.736 2, 35 32 B fe A ) JRAR
T Qwen3-32B B2 2.661H 9 A F -score HHE
0.712 0, A It Qwen3-32B # & £ 8.18 > H 43 i . [
I}, ArchiDistill £E Precision (0.707 6) 5 Recall (0.720 0)
Z ST O Ry M A A, S L 2R TR R AR AT 5%
FiE R ] BRI

1 CompCert U454 I, A B (1) 58 (R P 8 B 25 =
Tseld, HERMEINFEE . Qwen RINFAELY Accuracy
5 F-score i3k 8 0.95 DA L, Ho Qwen3-32B £0] F -
score 5 F) 0.984 8., # L Z T , DeepSeek-V3 Y Chat-
GPT-4o TEIZ AL AR I R I 2 R[5, F -score 53 1]
04 0.573 5 1 0.845 4, JLHAE Recall A7 7EH KA
o X —BRRIRB 0 RIE BT A 45
b A5 AL 1 Gt 15 2 52 B0 TEAT: 55 I, JHG )11 5 R %
5t B AR T B8 54T 55 H R AP 22 . S W, Archi-
Distill 7£ CompCert £ 48 5 DR R R T B L3, 1
Accuracy 5% 0.997 7, Precision . Recall F-score 435
2470.998 2.0.996 8 F10.997 5, 78 It A %} b J5 i rhr R R
e X iE— I T ArchiDistill A1 fE 9 A w5k 4k
AR AR A HEFLRE ) , 16 BB S 1E A [ 50 UEAT: 55 37 5
TS EERE Bk Az AR R RE

F6XF b T ArchiDistill 5 2 i HF I K35 75 BRI LA
KM ChatGPT-4o 7£ fHUJH Y 25 55 4k 34 By B 1 %
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Table 5 Performance comparison with large language models

sel4 CompCert
Jiik# - —

Accuracy Precision Recall F-score Accuracy Precision Recall F-score
CodeLlama-13B 0.5942 0.4550 0.474 0 0.446 1 09182 0.9328 0.892 1 0.907 3
Qwen3-8B 0.672 4 0.623 6 0.614 6 0.617 6 0.9579 0.948 1 0.965 7 0.9553
Qwen3-14B 0.6889 0.6379 0.593 8 0.594 4 0.979 0 0.982 4 0.9722 0.976 9
Qwen3-32B 0.709 6 0.669 6 0.624 4 0.630 2 0.986 0 0.983 5 0.986 2 0.984 8
DeepSeek-V3 0.689 6 0.806 9 0.534 1 0.4713 0.581 8 0.7312 0.673 4 0.573 5
ChatGPT-40 0.6917 0.799 9 0.537 8 0.478 8 0.848 1 0.8502 0.880 0 0.845 4
ArchiDistill 0.736 2 0.707 6 0.7200 0.7120 0.9977 0.998 2 0.996 8 0.997 5

TEIT 8, A0 5 B0 S BB O N i A 3L
£ 5 LA S BRAS REA - K e ER I ] . ROk, B
A IR R H R S B PE K, i 50 5
JHE B B v 5 AR AR s o AR AR B 55 T
CodeLlama-13B 7 seL4 5 CompCert Z0 5 4 |- A9 ZRH
(] 43 51) 35 3] 413 min F1 45 min DA | 5 Qwen3-14B 19 |

ruf e — 2510, 4390 28 548 min A1 37 min. R
&S BB /N Qwen3-8B, HIIZRES 0] 4375 3 h L
I (seL4) #1221 min(CompCert) . BfE FERIFIFL P K
%32 B, Qwen3-32B MY 25 pliAS i 2 1Tt , 7 sel4 B4
£ FRRUE BT R 17 h, 7E CompCert W2 h,
AR SRS TR ] A B[] A ) b i v B AR Y

F6 SRIEEREFRIFHIILL

Table 6 Resource consumption comparison with large language models

oy AN S RO WIZRI LR AT A BB RS ]
sel4 CompCert sel4 CompCert sel4 CompCert

CodeLlama-13B 13B 6h53 ml0s 45ml7s 28 882 MB 66.49 s
Qwen3-8B 8B 3h2m0s 20 m59 s 14 871 MB 65.77 s
Qwen3-14B 14B 9h8 m4 s 37m35s 28 727 MB 9523 s
Qwen3-32B 328 17 h34 m30 s 1h52ml2s 66 754 MB 102.63 s
DeepSeek-V3 671 B — — TEZk APL 8.23 s
ChatGPT-40 — — — TEZE API 7.83 s

ArchiDistill 3591 MB ‘ 9.96 MB 27.40 s 10.75 s 106.93 MB ‘ 54.96 MB 0.04 ms

FESEHERY B, b AR AT [ A 2R B 6 v 19 R RS
3K . CodeLlama-13B 5 Qwen3-14B A% # B8 g 77 5 3%
23 28 GB, BN A 1 4 B 8] 5351 h 66.49 s Fll
95.23 s; Qwen3-8B 1/} 7 £ 14.9 GB i 17 , BA YK #k BH I}
A 483 1 min, Qwen3-32B B AEERE [ 5T AL, {0 H:
WAFIHFEIS 2 66.8 GB, BLAEAHEHL A [H] 8 11 100 s,
PE— L BRI T HAE S AR R S . X
R B B | DeepSeek-V3 195 5 i 8 15 2 671 B,
JUAE T 7E LR APT () Sk T AR Ml 2k 53R E K
PAREARHEPRIE IR AT IAF] 8.23 s, ME N ZE Mt AP i 2L
Ui B AY | ChatGPT-4o [F] #E DL 7E 28 APLIE X U [n] , HF
Py B () 2900 7.83 s, FEMEFRGE O LR B R AL, (2
2 B9 20 AE R 5 A A, HfE DL B A TR
B ARAE IR 1B AL TR 55 .

AL Z N, ArchiDistill 75 I 25 55 4 2B Be 1 e 9
S TR AR AR SR 35.91 MB
(sel4) F19.96 MB (CompCert) , f8 3 Il 45 i 1] 43 551 A
27.40 s F110.75 s; FEHEFLBY B, B A7 5 FH ¥R 2

110 MB, JLASBFEA ) 7 B 4 B[R] £ 0.04 ms. |
R AR KW, ArchiDistill 75 A7 250 7% 18 2 8 58 77 /Y
[Fi) BN, DR e ARG 07 I 2 5 4 BB AR |, R A% S i AL
IRHE IR H %I 52 BR Y B 2l ik 5 e W] 37 5

CEORE, BRI SR B iz ke ) b
B I A8 & g A AU BRI T AR B IR 2 BRER
$ (i A IR 28 48 55 22 4 iR IR R K £6) i
P o T ArchiDistill 75 P 5 5 1 B2 AR 4 [0 25 6 [A]
T S R TR Rk N T S T =N o = S A
B AL e AT BB P, S S BR A IE SR BRI Y
S PR T AT R M Y i SR

BEXTAIT ST IR A 2 (4518 « SRER A5 R R W], 5 2 b
T8 K18 5 BLAYUAR EE , ArchiDistill 7E Accuracy | Preci-
sion , Recall Fll ¥ -score S48 A1 I B HUS 1 S0 H 8
& 5 B PERE 5 [R]IF, AT 2T B ChatGPT-4o, Ar-
chiDistill 7 {35 5 A7 52 4 77 B 2 54 2050 68 7 (9 [F]
W, 25 BRI T BB R O I A S A BT
8. RS RIUE T ArchiDistill 58 4% 45 204k K Z0
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PR B HE B RE ), HFAEZ AEBR AT R GEIRAUEAT 55 Hh SE )
e ER P R AR S R AR E R S —
4.3 SIXTEFSTIEIRE 3RS

O 1T 25 A9 5 I 3, AR SCBETE T Rl SE, X Arr-
chiDistill H1 AR 0 21 1138 — RS B , LA 23 BT 25 B R AR 2
TEBAE R GRS WA T A 2R 50158 3 5ok o
EMP R TTER, SRR TR . WK A, TE
selA XG4 I, B BRAT A A% .0 AL 1 2 2 S Sk fig

W , 2 W] ArchiDistill () £5 30035 1134 % U3 PR BB A 1E 1n]
S, JGHOR URAR 2% 2 55 B AT 55 1% 1 X Recall Fl
F -score [ 2 FH1E F fic hy b 35 0 M RB BRURFE 2% > BT
AccuracyU\O.736 2 [ 0.672 0, F|-score FZ 0.511 6,
Wh B2 A0 X 32 336 E 1 I DL o 7 i TS X 31583
A 6 5 B2 AL BE 1 FAR 2 1 O T &A% T AR
o Z5lth, Z2BREEIMT S5 15, F-score fE A 0.512 1,
W ZAT: 55 D [R) A o 8 B 0% 22 4k B RRAE 42 = 01
HERR P D7 T B B L,

F7 AEAHEHREE
Table 7 Ablation study of different components

Tk sel4 CompCert
AEES Accuracy Precision Recall F\-score Accuracy Precision Recall F\-score
who WRFEE > 0.672 0 0.605 0 0.540 6 0.5116 0.960 3 0.968 7 0.946 2 0.9559
who AT HohT s 0.670 6 0.8349 0.504 2 0.409 5 0.9556 0.967 6 0.938 3 0.950 4
who F BT 55 1 0.677 3 0.6219 0.543 2 05121 0.974 3 0.980 7 0.964 3 0.971 6
who F BT 55 2 0.683 3 0.629 7 0.598 3 0.601 1 0.9790 0.984 1 0.970 8 0.976 9
who [ 38 B A 0.691 0 0.648 9 0.5733 0.561 8 0.974 3 0.978 9 0.965 7 0.9717
wlo B AL 0.661 2 0.568 9 0.523 1 0.483 2 0.9439 0.940 3 0.9377 0.939 0
ArchiDistill 0.736 2 0.707 6 0.720 0 0.7120 0.997 7 0.998 2 0.996 8 0.997 5

TE KR 25 (0T b S 36 v, B B F24T: 55 0h 28 T 3L
Precision B35 3| 5% = {8 0.834 9, {H Recall {¥ 4 0.504 2,
F-score 2B T P E 0.400 5, 18 IH BObR 25 X5 - 47 Preci-
sion 5 Recall 2 OCH B B BEAE 52 fift 155 AL 0] Al s 25 (1)
b BERLA, (0T T 5337 SRH DG 3% T BT hn AR {gk
T3 A B bR A B AT 55 2 50 35 WAL I 1 BE
Ko AR 0 il R, AELATS S T 22840 2 wilo B B AT 55 2 9 F -
score & Z 0.601 1, w/o H & W AL F\-score (£
0.561 8. X % WIAE 55 I ALAIL i A& S0 4 B 7 5 Ak
ME— P BB TR IR, (H AR s AR B R AR i R L 5 &
BTN B EEAEH] . &% BT PR L E
1155 Hchn % 5 24T 55 P[] /2 ArchiDistill 42 7+ 5 3
SOMOCE HH SR PERE A% R Z T A 38 B AL
ST 55 2 W i — 2B 1k 7R AN Z R RE R G
TR SR e b p R M A A SR

{EAS B2, 7E CompCert BUHEEE I A9 &5 S IR #
ERIE 173k — % . B BIEBE K & T seld
s, A AR BRI 2 BUN R AR B i Mg aR Ak, &
B ArchiDistill F9 A B AL BT 76 A [F 50 FE 3 = T #4 H
F-BA R, Horb R E ) 5 AR S AR AR
FEBR i F -score 73 %I )\ 0.997 5 [ 2 0.955 9 #10.950 4,
PRI 33K A 35 78 2 2% S 9% 16 T 3 % v PR B R0
PR EEAEN . WM 15 B & N AL Y 2%
W1 23 510 129 0.026 B F-score T W, BB ZAE 55 T
[Fi) R EE S AL 1) A B T i AR Y A A2 % 1 SUHK
Y Pz Aie ) SR @t . BRI R, ArchiDistill

TE CompCert I [ R I E — 25 B0k T H 1 8 % 9 3%
T SRR RO A e Y PR R VR P AE A [R) 2R LY
AT UEAT: 55 v Y R A A58 T BRI B

ULk, 2 738 #E— 25 43 M T 18 S WL AE 28 18 i e
TR AR o 2L E AR R R T 5 S AR A
AN, 51N TE B 1 R A 45 X BOIM AT R, DA
A O B B AR AR A . AT LLAE B TERS R
BZ BT (wotEZHLHI) BRI AE sel4 BU4E 4 T 1Y
PERE BT B 5B 4K , Accuracy M 0.736 2 % % 0.661 2,
F-score M\ 0.712 0 [% %2 0.483 2, [ 1R 2 %5 % T 2 B
b ZH 1 A T R 25 R . X — IR R I Y AR A AR &
FAT S 50T P A A R B R T U I, 2 7 AR
BHObR 2 1] 16 23 ] 27 AR AR A 1 M 7 O TG I 5 T 5
TR [ R A S 6. 7 o 1B SR BT 3 ek R R A b 4%
TN IE AU M T 2808 b B b i 5 S R0, D 4
JI T BB FE Precision 5 Recall 2 [8] A9 3% 442 57 £ 4 .
7E CompCert 2048 48 I, B8 B A& 2 HL 1 W) A T 3 1 1%
AEW i F B, H: F-score M 0.997 5% £ 0.939 0, Accu-
racy I [EME S A EH 2005 o IR CompCert 3 5t A
SERTE SN AEZ S5 AT R W] 76 S B4 S A R
D) 285 A 19 8 TEAT: 55 o, B0 A 1% Jmy S 00 15 2 ] A
Al BEXT ZE AR B e A BB I, B HLEI S A
Bl TR 8 2O A5 5 4 0T o, DA T it 1 27 A A U AE AN [+
U T B R A SR

X AIF S 0] 3 M S50 < T A S R A SRR L IR
P2 2] | AT 55 3R 2 M 2 AT 55 D A L T ArchiDis-
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tll 76 H sl 5250 T 5 3 5 A O 2 B H 4 A% 0 3K sl R
F AR M R AR Tk e e MEAE s AR AL 1, B
T N AL 1 5 %60 B AT 45 3F — 25 1 0 T AR AL AE R [H]
BOE g 5 T B R fE b S R AR R B, A& S AL A AL
GRS T AR AR R v O I A R A A ), R
T TR G A 5 T R R SE M
4.4 SRR B 4B

F T — B AF ArchiDistill 7632 78 #:4E & 4i 11
Bs Rk~ B s BT g R G e A R fe
J1, N 3 Ca) B, i g BRR A ) 4 E AT T 1-SNE F#

de ] AL AT AW ER F AN TR 26 i B R PR A I 4k
23 [ R BT TR X 35 W () AR 25 4, R WS R
U P 2 P2 A TR TR LR . R R EM
KM e BEE & )R LA — B & AR IX
3o B HE S 1 28 0 Al 1) 2, 0 O A L AR5
Yy e RO o 4l i A PR 43 B R TR, 2 o A T i 4R
M 45 R E W, ArchiDistill 75 {457 2 FiE LR A
PRI RS, BE RS ™ 58 5 1155 3 5 AH O 1 19 22 S RRAE
hJE B2 B sh A B g SR G e BRIt T A AL
o

40

20 |

—920 F

4

(a) TIN50 Ay T AL 52 R

(a) Visualization of predicted classes

J T i PR RETIAE AN [A] 5 L b A S0 e
WE 3(h) iR, 2 F -SNE Bk A 25 8] o B RE A 50 A
PEAT AT AL . T 3 Y (0 i 3R T OE A 1 3
FEAS, 218 SRR PO B 2 B REAS o AR AR 0 A ok
B, RERITE KB LAk 0y |, U RSB A A% O vh
B O% D47 250 e 1 TN MR 32 . SR, A2 38 70 e 50 L sl
S ) b P DX, 21 R A R X 25 4, 3R WA S ] B Y
FEMIE URNMAAERES K FBUPRIRE . 1,
TN BT D LT AR AR 0 I A R 28
M GAFIE T AU A TE R0 R . BT %
AL S0 GIE T ArchiDistill 77 4 £ ¢ 8 3 32 245 L
B B4 500 1 X 73 BE ), [R) I d 2 7n 1 el ik Ty
]« 7E 2 0] 30 B el il A2 U B 51 AT 55 2 AR
DA — 20 BR335SR OGS BN A A 1R 46

XF T4 A E S TR A SCRY i B, A& 4 (a)
JIE R, LIME A i B 4347tk s JH 35 L 52 R A9 1 1)
¥ AE A5 45 arm . pool Fl asid (address space identifier) o
X SRR 35 5 52 8 0 B %R OC ¢ arm BB 45 0] H AR
BN, asid ¥ S N A5 BB T, 1T pool 7 T X
T ECALE . EATIEE RAL T ArchiDistill X &

(b) ST TE 1 18 18 4 ] AL 52 R

(b) Visualization of correct and incorrect predictions

3 +-SNE FeZimT ik
Figure 3 t-SNE visualization

SR s R I . AL Z T is L aag  state
bits 45 ¢ fiE B K 3> 670 1) A, Sl ] T R Ge R AR B
A W AR T AR A P R R A . A, Ar-
chObj BAEJF 58 J5 , (EH 2 2 A SR Al X 57 1 Stk —
T T IEMHE . BERE, ArchiDistill %115
SR DG LAY T = AR B L SR ORI 2 S
REM XS~ RE Ll Tita % s M
Ktk

XF T A S TR 8 5 T G Y E L, LIME 43 By
F WA R W 2 B AT SIS . Qs 4(b) ir
7R, Rightarrow 1E A HE 44 55 — B9 1E [a] RR 1, 3% B HE 2R A5
SRR RS P R E & WA, sep
5 rec fF R B FRAE , #E— 2D SR 13X 4 g P ) 6
2R A B 3 U AT T AR B R REME . domain 5 lon-
grightarrow 55 R — 2 1F [ BT 8k , {EAT5 0 1] 4 52 18
JEE AR g 5 B R SC o H A 0 false | split
Ibrace \ rbrace 45 R fik 32 22 14 91 2 B AT A0 FIUE BH 25
A F LA E . I, ArchiDistll 32 %
R 3 A 2 22 A IR B 5 A PR AR 1O, Y ) 1 2 T
HAMKIE IO, NMTEZ TEIRAE R 510 5L
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(a) Feature importance analysis of positive samples
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domain [
longrightarrow |-
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-

split
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rbrace _
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(b) SUREAREG ) RHAEA 3 A

(b) Feature importance analysis of negative samples

4 LIME R EAE 5> H7

Figure 4 LIME feature importance analysis

. E FIE B v S 9 A) S 38R SR DGR

B O6EBIF 5T 0] 4 04 453 - 1-SNE [ 2 F] A0 AL
LIME 43 #7281 , ArchiDistill 68 % 4 0 #2 & #2185 3
R SC AR AR < X T 5597 7R DG B = S ROl st 17
LS AR, R A A O S 3R A 12 R IR B 25 A A
10, AT 552 B A L n] A R 1 11530 3 S5 A SR
4.5 RFAISH

R RN B A B TE 15 3 SR OGS B OIT: 55
o R B, X R A T A 9 1B BH 7 (False Negative,
FP) H1 8 B 1 (False Positive, FN) £ A #E47 T 20 #7 .
B BT 55 0 A% O 7E T i o2 BHLTE 195 B8 AP 28 4 5T
oW R0 E . X R A S e BN T A
R X EAEA R Z A TR AE T S5 R 2R 4 1
S AE DI, AT RS A MR AS B I AN 43 W1
I, X T K S FAEAS AR STy AR W O A A
125 DR ALY 3 C I AT A AE — e MR
4.5.1 {BRFHME(FP) 547

R B (FP) 2 8 A5 BUKE SI2 BR 7 5 8 7 22 44 1 7
i B IO TR B B L R R A R TR R
AHOCE L, R M L R R AR AE T BRI ) |
TR LA AR R 480 52 B, 7 52 B 5 2040 S F ol
o ] LR FEA S HAE R G450 AL T B Hl
w2 AR He T B DRI S — R R AR A S 4
155, 25 5y BB RS 551 A T R 5 253 T 19 o 21

LA choose_thread_guarded_pas_domain EH N
il 5 s, 2o B TEUE B AR I 7 ) 45 1 29 R
HIEE N A EBRAE IR IR R L A B G, HAEW]
W K P8 B 3K cur_domain . I 5t 2% A 31 ready_queues L)
MALFEYIA T B, RS Z AR ZE BAL
THIRA B2 AN B 25 K DUR 45 0 UL AR AR S 1B

SC, TR I A 1 SR 0 2R T AR 3l e B . AR,
TER R BB h R DA 5 R R B R 3]
AL A7 R S5 R I, 1 40 75 47 2 DR AT FIHL 8 R AT
WA o DRI, DATH SCHRE 151 A £ HE R, 1% BRLAG
TSR 5 S BR Z 1) AR DX, 52 B 2 AL
RS RIE . BRI P B T AOC R S5 15
7, I O LTI Oy 5 AT B g B, {H i T
JE B ANAFAE HL S B ZRAR AR, X — FIUI Jas T DR~
A

1 | lemma choose_thread _guarded pas_domain:

2 "\<Ibrace>pas_refined aag and valid_queues\<rbrace> choose_thread

3 \<lbrace>\<lambda>xb. guarded_pas_domain aag\<rbrace>"

4| apply (simp add: choose_thread_def guarded_switch_to_def | wp switch_to_thread_respects

5 | switch_to_idle_thread_respects gts_wp switch_to_thread_guarded pas_domain)+

6 | apply (clarsimp simp: pas_refined_def)

7| apply (clarsimp simp: tcb_domain_map_wellformed_aux_def)

8 | apply (erule_tac x="(hd (max_non_empty_queue (ready_queues s (cur_domain s))), cur_domain
9 [ s)" in ballE)

10] ..
11| apply forcet+
12| done
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Figure 5 False positive sample examples

4.5.2 {REAE(FN) 5347

B B (FN ) S 46 o BRAE 25 0 22 44 31 3% 1) 52 PR
T AR U, (LSRR O Ay 537 5 TE G E
Bk AR AR B e [R) AR A T 2 G A R 3 B
FEAIL AR RS SR (422 11 o SCrpr T 7 8 P A 3R T 2544
PRI, | THIEERX S KREME 2 el
FERAARL, FE sk = B X TE 2 HAR RGO, B
DAV % 40 DRIy HC A B85 A AT A% IR A T A T

LI 6 FT 7 1) %2 . dmo_getExMonitor_wp’ [wp | b
B o %2 BEUE B ML AR B2 1E getExMonitor 7F Hoare — JG
M T RFFHE BT P, HAT 8 5 5 &AW K& ma-

chine_state . exclusive_state . do_machine_op NS P
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SMHEF . getExMonitor H] T 15 ] 44 5 45 44 v i) it o 1
PRASIRS T A [F] Ak 2 25 2R A4 X i AL i 4 5 B8 7 XA
TEZE 5. DRI, I 28 0 37 5 0 A S 4 i i vl i
BRI H AR AR SCGHEATIE R, B TR s e
o AR, DB RE5H FF 1200 #1 R IE W] 5 #
YEZE Hoare = JUZH1E SUF PR¥5 45 & PE R, HE A
5 R MG E AR R4 s B, AR K
T AR AR B TE B 2% 1430 W 45 44 B X 484 & L
MR IIE “BAEX LR THLAR SRS "X — 18 L2
e b BRI RE U IR B AH S L U6 X 1y AR
200 1 X A AN )3 )2 9 (O HO R ML AR P AR )
T3 A A HE— 8 TR 23 )

lemma dmo_getExMonitor_wp'[wp]:
"\<Ibrace>\<lambda>s. P (exclusive_state (ksMachineState s)) s\<rbrace>
doMachineOp getExMonitor \<lbrace>P\<rbrace>"
apply (simp add: doMachineOp_def)
apply (wp modify wp | wpe)+
apply clarsimp
apply (erule use_valid)
apply wp
apply simp
done
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Figure 6 False negative examples

5 DESRE

A SCE X TR R G AE 2 5 8 B
FE BIE B Y 20 A6 50 F AAS =5 | T 52 AN 2 1 ]
P TR F AR A A 34 7k ArchiDistill, 528
T Ak BB oM 06 5 I 3 R T G
GBI B SIXSy . IS G 2 A5 AR TS SR
P2 ) SR 2% 7 AR OR RS AR 1 [R) B LA iR 1)
FIBIRE T S GBS . FET seld W Z1THE
55 B0 UE B 45 1) S 50 25 S R B, ArchiDistill 78 115
YoM o g BN AT 55 L HERf R LA g kit e
T 15% , FF 16 5% AU HE J8 T 38 31 5 28 8 1Ko 5
RUPPERE o IZWE IR AU BRI 1103 5 S 0 A
FIRA AL T 3 0 S i R R TR R R E R G K
Wil bl S5 R BE s T O kR

A ArchiDistill 78 [ 8l X 40158 47 52 M 56 51t
Ay IO P U T R AR (R A S )
B R AL RIER S — 2. KRB ST AT L
E— 2R R AN e A SR ) BEah -, S ) AN (R
TR s M A A S E AR, i AT
5 FE B TAE S . O, 072 B2 X sel4
WA T B SE 8, e 22 ] 9 Je 2 HA AR R 50 A% A
KIBLARAD P, LIS UE Hom A S vl 9 k.
A, ey e F s A PR s8R A s B AR SR
N, AT 2 AR P Pk o 2 — 2D Hb B ArchiDistill
5555 0k SR e B el R B e A A A A A

PR THI USSR B ] BEPE S AT SR . R AESEPR T
HAE S0 DA S0 UEAE 20 A TR I 4R B, OF S Rr S T
TG A S BEAR S B, KA Sz AR 4R A
F G0 AT UEAE 11 5 AL Y B 27 1

i A E e R IR BGATER,
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