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[Iupokoe BHEApPEHHE HCKYCCTBEHHOTO HWHTEJUIEKTA JUI OLEHKH TEKYIIEero COCTOSHUS
MEPEMEHHBIX CHUCTEMBI B TPOMBINUICHHBIE POOOTOTEXHHMYECKHE YCTPOWCTBA M ABHOHUKY
C/IEP’KUBACTCS OTCYTCTBHEM (OPMAJIbHBIX TapaHTUIl BPEMEHHU BBINOJIHEHUS AJITOPUTMOB, BEllb
HOpMaTHBHbBIE JIOKYMEHTHI JJI JOBEPEHHOIO MporpaMMHoOro obecnedenust ycrpoiicts (DO-178C,
ISO 26262) TpebyroT 10Ka3aHHOTO OrpaHMUYeHHs worst-case execution time. IIpemyaraemas pabora
— mIar K TOMY, 4TOOBI MOKa3aTh, YTO COBPEMEHHBIC OOJETYCHHBIE S3BIKOBBIE MOJEIH MOTYT OBITH
a/IalTUPOBAHBI K Mapajurme *ECTKOro peaJbHOro BpEMEHH.

B cepuu pabot aBrop uccneayer cBoboanyo mukposaepayro OC POK [1], peanusyronryto
npuHIMN paszznenoB no crapaapty ARINC 653, kak miaardopmy Iisl SKCIIEPUMEHTOB, MOCKOIBKY
OHa o0ecrneynBaeT KOHLENT CTPOroil BpEMEHHON U MPOCTPAaHCTBEHHOM W30JIALIMKA KOMIIOHEHTOB —
HeoOxoaumoe ycioBue aiug Oynaymed ceprudukauuu. B kauectBe LLM Mmonenn B3siTa
KBaHTOBaHHas Bepcus TinyStories (15 MumoHoB mapameTpoB), a B KauecTBe KoAoBoi 6a3pl LLM
— xox mpoekTa llama2.c [3], cocoOHbIi paboTarh Ha ciabom >kene3e [oT Bpome OTHOMIATHBIX
KOMITBIOTEPOB.

Henp paboTbl — co3aTh A€MO, MOJEIHMPYIOIIEr0 paboTy «yMHOIO COBETYHMKa» MO MapaMeTpam
OKpyxarolei cpenbl. Kaxabie 3a1aHHOE KOJIMYECTBO MUJUTUCEKYH/ CUCTEMA JI0JKHA:

e Cuurarh mNoOKa3aHHs 4YETHIPEX MAaTUYUKOB WJIM HX OHMYJIATOPOB (TemmepaTrypa, BIAXXHOCTb,
JIaBJICHUE, CKOPOCTb BETPA).

* IIpeoOpazoBaTh UX B JIMHIBUCTUUECKHE OLEHKHU (BPOJE «KAPKO», KBETPEHO», KCYXO»).
* CdopmynupoBaTs 3anpoc Ha €CTECTBEHHOM sI3bIKe U nepenarb ero LLM BHYyTpU CUCTEMBL.

* CreHepupoBaTb TEKCTOBYI0 PEKOMEHIALUIO HE MO3/IHEE YCTAHOBJICHHOIO JA€/UIaliHa, JaKe €CIIU
MOJIeTIb HE yCIIeNa BbIJaTh CaMbli JIyUIlINii OTBET.

Mopaens TinyStories (dim=288, hidden dim=768, n layers=6, n_ heads=6,
vocab size=32000), Oputa kBaHTOBaHa a0 int8 (mIs YMEHBIICHUS TaMITH W TOMJICPKKH
BBIUMCIICHUH B IIETBIX YHCIax), IpeoOpa3oBaHa MporpaMMoil B OalThl NaHHBIX BHYTpH .h daiina u
BCTPOEHHA TOJYYHMBIIMMCSI CTaTHYECKUM MaccuBoM B koj elf-paitma pasnema (pasmep ~15 MB).
[psiMoit mpoxox MHGEPEHIIMK COCTOUT U3 MOCIENOBATEIILHOCTH TPAaHC(HOPMEPHBIX OJI0KOB. Bpems
00pabOTKU OJHOTO CIIOSI TOCTOSIHHO. DJTO Aa€T eCTECTBEHHBIM KBaHT AJIi KOHTPOJIS BPEMEHU —
MoCJIe 3aBEPUICHHUS KaXI0TO CJI0s BhI3bIBaeTcs pok time get(), 1, €ciu TeKyIee BpeMs IPEBBICHIIO
JieNaiiH, TeHepanus 3aBepiiaercs. Takoil mojaxoJ KOONepaTHBHON NMPOBEPKH HAa TPAaHULAX CIOEB
rapaHTHUPYET, YTO MOTOK JOOPOBOIBHO YCTYIHT YIPABICHUE HE MOIKE YeM uepe3 BpeMsi 00padoTKu
oxuoro ciaosg LLM.

Jnst cObopku u ycnemHoi pabotsl C-kona npoekra llama2.c B cpeae POK Heobxoaumo Obl1o
c/ieNaTh HECKOJIBKO peleHuil noprupoBanus. OpUrvHaIbHBIA KOJ MOCIE 3arpy3KH KBaHTOBAaHHBIX
BECOB Cpazy Jie-KBaHTH3YET BCIO TaOIUIly 3MOEIMHIOB TOKEHOB, TpeOys /s TinyStories okoio 36
nononHuTenbHbIX MbB (32000 * 288 * 4 6aiita). [lon ynpaBnennem POK Takoi equHOBpeMEHHBIH
3ampoc K MEHePKEpY Kydu MPHUBOAWI K OTKa3y. [ToaToMy perieHo ObUIO MOTHOCTHIO OTKA3aThCs OT
XpaHEeHHUs JIe-KBAaHTH30BAaHHON TAOIUIIBI M BBIYUCISATH SMOCIIMHT KaXKJJOTO TOKEHA «HA JIETY» TpHU
KaX/IOM IpsSMOM TMpoxoje. B 1enoM, MOKHO BooOIIe O0TKa3aThCsl OT JAWHAMHYECKOTO BbIIEICHUS
naMsT (3T0 B KOJIE JAENAaeTCsl B OCHOBHOM JI0 Hadajia paboThl npu nHunuanu3anuu LLM), 3amMmeHuB


mailto:serg_soft@mail.ru

BCE 3TO Ha CTaTUYECKHE MACCUBBI U apupMeTuKy ykaszareneil. anee, xora u B POK ects libm s
paboThel ¢ MaremMaTukoll M 4YacTh libc, HO OBUTO HEIOCTYIHBI HEKOTOpbIe (DYHKIUU BpoAe qsort,
bsearch, sprintf u Tak nanee. OHu ObUTH 100aBIEHBI WM KO OBLIT MEpeienaH.

B utore, B pemenun cBoboano moctynHoM Ha GitHub [4], BHyTpu omHoro paszmena POK
OpraHW30BaHbl TPU TIOTOKA, CHHXPOHH3WPOBAHHBIC C Momoibio cemadopos: (1) sensor job —
MEPUOAMYECKHA OMPAIIUBACT (IS JAEMO AMYIHUPYET C MOMOINBIO CIy4alilHOW TeHEepaluu U ydera
MPeIbIIyIIUX 3HAYEHUH MO METOJbl CKOJB3SILEro CPeJHEero) JaTyuKuh TEeMIEepaTyphl, CKOPOCTH
BETpa, JaBJIEHUS W BIAXHOCTH; (2) estimator job — mpeoOpasyeT 4YMCIOBbIE IOKa3aTeld B
ctpokoBbie kateropuw; (3) llm job — dopmupyer mpomnT, 3amyckaeT WH(pEpEeHIHIO (BBIBOA) H
BBIBOJIUT OTBET. Pe3ynbraT MoxHO mocMoTpeTh Ha Puc. 1.

[Estimator] classified temp=26 pressure=735 humidity=53 wind_speed=10

—-- scheduling partition: @, low:®, high:10
——- Scheduling processor: @
scheduling thread 2 (priority 42)
elected 2 !!!
non-ready: @ (1/stopped), 1 (4@/waiting), 3 (42/lock), & (@/stopped), 5 (@/stopped), 6 (@/stopped), 7 (@/stopped), 8 (@/sto

[Sensor] get temperature 25 C
[Sensor] get humidity 53 %

[Sensor] get pressure 733 mm
[Sensor] get wind speed 8 m/s

scheduling partition: @, low:®, high:10@
Scheduling processor: @
scheduling idle thread
non-ready: @ (1/stopped), 1 (40/waiting), (42/waiting), 3 (42/lock), 4 (@/stopped), 5 (@/stopped), 6 (@/stopped), 7 (@/st
scheduling partition: @, low:®, high:10
Scheduling processor: @
scheduling thread 2 (priority 42)
elected 2 !!!
non-ready: @ (1/stopped), 1 (40/waiting), 3 (42/lock), 4 (@/stopped), 5 (@/stopped), 6 (@/stopped), 7 (@/stopped), 8 (@/sto
scheduling partition: @, low:@, high:1@
Scheduling processor: @
scheduling idle thread
non-ready: @ (1/stopped), 1 (40/waiting), 2 (42/lock), 3 (42/lock), 4 (@/stopped), 5 (@/stopped), 6 (@/stopped), 7 (@/stopp
scheduling partition: @, low:@, high:1@
Scheduling processor: @
scheduling thread 1 (priority 40)
elected 1 !!!
non-ready: @ (1/stopped), 2 (42/lock), 3 (42/lock), 4 (@/stopped), 5 (@/stopped), 6 (@/stopped), 7 (@/stopped), 8 (@/stoppe
[LLM] generation:
Temperature is hot and pressure is comfortable and wind is windy and humidity is comfortable. What to do?
Her mom had a surprise for her. She brought out a bag of colorful popcorn and said, "Let's all eat this popcorn together!"
Alice was very excited and said, "Yay!" They all shared the popcorn and enjoyed it in the sunshine.

[TRUNCATED at 91 tokens due to deadlinel

[LLM] time for generate: 83422731

Puc.1 — Pabora POK LLM nemo [4] (moxens Stories 15M_Q8) Ha gemu-system-1386

B xauectBe mpoaomKeHHs BO3MOXKHA pealiu3alus MOJTHO(QYHKIIMOHAIBHOTO JIEMO C ABYMS
pasnenamu (mapTuuusimMu) — oqHuM Juist LM, a npyrum aJis 1aTYMKOB U 3aIyCK €ro Ha YCTPOMCTBE.
Mogens yxe Oblla NMpoBEepeHA Ha MHUKpPOKOMITbIOTEpe cemeiictBa Raspberry Pi m mokaszana
J0CTAaTOYHO cnalylo CKOpOCTh reHepanuu — 2.18 TOKeHa/CeKyHIy, HO 3TO M HOPMAJbHO IS
guctoro C-xoma 6e3 ontummzanuii. Ho m momyvaercsi, uro LLM Moxpens mgomxHa paboTarh B
CEKYHJHBIX JIe/JIallHaX, BBIMOIHSS JOJITOCPOUYHBIE IPOTHO3BI.

Takxe, NMpOCTOE 3aBEepIICHHE TEHEpPAalMU 10 BPEMEHU MOXKET OCTaBUTh OTBET
CUHTAKCHMYECKH He3aBepHIEHHBIM. MOXKHO peann3oBaTh OoJjiee SJIETaHTHBIA JBYXCTYyHEHUYAThIN
MEXaHu3M. 3a 3aJaHHOE€ B MPOLIEHTAX 10 MCTEYCHUs JeajiailHa BpeMs MOXKET aKTUBHUPOBATHCS
MATKUN AeqiiaiiH. Mozaens mpu 3TOM MPOAOIDKAET TeHEPUpPOBAaTh TOKEHBI, HO €il OyleT pa3penieHo
BBIIaTh HE 0OJIee 3aJaHHOTO HEOOJBIIOTO KOJIMYECTBA JOMOTHUTEILHBIX TOKEHOB. Eciii B TeueHHe
3TOTO OKHa BCTpeuaeTcs 3HAK OKOHYAHUS MPEANOKEHUS — TeHepalus HeMeAJIEeHHO
OCTAHABIIMBAETCS W OTBET MOJY4YaeTCs IPaMMaTHUYECKH 3aKOHUYCHHBIM, MHAuY€ MPOAOIIKAETCS [0
WCTEUEHUS Je]IaiiHa U OTBET MOIy4YaeTcs KaK eCTh.

B HUTOre¢, MOKHO KOHCTATUPOBATh, YTO 3aJja4a MOXKCT OBITh peaieHa co CBOMCTBEHHBLIMU
TaKUM MOACIIAM OIrpaHUYCHUAMHA W HYKHO UCKATh ClIydau €€ MOJIEC3HOI0 UCITOJIb30BaAHUS.
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