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Annomayus. Co CTpEeMHUTEIbHBIM POCTOM HCIOJIB30BaHHS T'CHEPATUBHBIX HEHPOCETEBBIX MOJEICH
JUIsl pellleHus] MPaKTUYECKUX 3aJad Bce 0ojiee OCTpO BCTaeT mpobiieMa oObsicHeHHs MX pemieHuid. [lo
Mepe BBOJA PELIeHH HAa OCHOBE HelpoceTell B MEIUIIMHCKYIO MPAKTHKY, TOCYAapCTBEHHOE YIIPABICHNE
u chepy 000pOHBI TPeOOBAHHS K TAKMM CHCTEMaM B IUIaHE WX HHTEPIPETHPYEMOCTH OJHO3HAYHO OYIyT
pactu. B nanHO# paboTe mMpemioKeH METO] MPOBEPKH JOCTOBEPHOCTH CamMoO-00BSICHEHH, KOTOPBIC
MOJIENI JAIOT TMOCT(AKTYyM, MOCPEICTBOM CPAaBHEHHS pacIpelesieHHss BHUMAaHHS MOJEIH BO BpeMs
reHepanuy OTBETa U ero OOBsICHEHUS. ABTOPaMH MPEUIOKEHBI U pa3padOTaHbl METOABI ISl YACICHHON
OLICHKU CTCICHU JOCTOBEPHOCTH OTBETOB T€HEPATHBHBIX MpenoOydYeHHBbIX Tpancdopmepos. [Ipenmaraercs
UCTIONB30BaTh pacxoxaenue KymsOaka — Jleiibnepa Hax pacrpeneaeHUsIMA BHUMAHNS MOJICTH BO BPeMs
BBIJIAYM OTBETA M CIEIYIOIIErO 33 3TUM OOBACHEHHs. Taroke INpeaaraeTcss BBIYHCIATH OTHOIICHHE
BHUMAaHHMS MOJICTH MKy M3HAYAIBHBIM 3alIPOCOM U CTCHEPUPOBAHHBIM OOBSICHEHUEM C IIEJIBIO MOHSITS,
HACKOJILKO CaMO-OOBSCHEHHE ObLIO OOYCJIOBJICHO COOCTBEHHBIM OTBETOM. [l TOJMy4YeHMsI HAaHHBIX
BEJTMYMH TPEJUIaraeTcsi AIT'OPUTM JUISl PEKYPCHUBHOTO BHIYHMCIICHNS] BHUMAHHS MOJIEIH T10 IIaraM FeHeparyu.
B pesynbrate mccnenoBaHusi Oblia MPOJEMOHCTPUPOBAHA PabOTa MPEIOKEHHBIX METOJIOB, HaWICHBI
3HAUCHUSI METPUK, COOTBETCTBYIOIIUE KOPPEKTHBIM M HEKOPPEKTHBIM OOBSCHEHHSM U OTBeTaM. bBbul
MPOBEICH aHAIN3 CYIIECTBYIOMINX B HACTOSIINI MOMEHT METO/IOB ONPEeTICHUS JOCTOBEPHOCTH OTBETOB
TeHepaTUBHBIX MOJEJel, MPUYeM IOJaBIIoNIee OONBIIMHCTBO M3 HUX CIIOKHO HHTEPIPETUPYEMbIS
OOBIYHBIM TIOJIb30BaTENIeM. B CBSA3M ¢ 3TMM MbI BBIIBUHYJIM COOCTBEHHBIC METOJIbI, IPOBEPUB HUX HA
HanboJiee MIMPOKO HCIOJIb3yEeMbIX Ha MOMEHT HAIlMCAHHS TCHEPAaTHBHBIX MOJENSAX, HAXOSIIMXCS B
OTKPBITOM JIOCTyIie. B pe3ynbpraTe MBI MOJYYWJIM THIUYHBIE 3HAYEHHS JUIS NPEIJI0KEHHBIX METpHK,
QJITOPUTM HMX BBIYHCIICHHS M BU3YyaJIU3aIINH.
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MHOOPMATHKA U MTHOOPMALIMOHHBIE ITPOLIECCBI

Abstract. With the rapid growth in the use of generative neural network models for practical tasks,
the problem of explaining their decisions is becoming increasingly acute. As neural network-based
solutions are being introduced into medical practice, government administration, and defense, the
demands for interpretability of such systems will undoubtedly increase. In this study, we aim to
propose a method for verifying the reliability of self-explanations provided by models post factum by
comparing the attention distribution of the model during the generation of the response and its
explanation. The authors propose and develop methods for numerical evaluation of answers reliability
provided by generative pre-trained transformers. It is proposed to use the Kullback-Leibler divergence
over the attention distributions of the model during the issuance of the response and the subsequent
explanation. Additionally, it is proposed to compute the ratio of the model's attention between the
original query and the generated explanation to understand how much the self-explanation was
influenced by its own response. An algorithm for recursively computing the model's attention across
the generation steps is proposed to obtain these values. The study demonstrated the effectiveness of the
proposed methods, identifying metric values corresponding to correct and incorrect explanations and
responses. We analyzed the currently existing methods for determining the reliability of generative
model responses, noting that the overwhelming majority of them are challenging for an ordinary user to
interpret. In this regard, we proposed our own methods, testing them on the most widely used
generative models available at the time of writing. As a result, we obtained typical values for the
proposed metrics, an algorithm for their computation, and visualization.
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BBEJEHUE

3a mocnennue 7 et TpaHchopMepsl nepeBepHyu chepy riyookoro odyuenus [1, 2]. Oxgna-
KO BOINPOC MHTEPIPETUPYEMOCTH HEHPOHHBIX CETEH CTOMT JOBOJILHO JaBHO. I JTaBHBIM Ipeame-
TOM HCCIIEIOBaHUN B chepe 0OBSICHUTEIHHOTO NCKYCCTBEHHOTO nHTeIekTa (XAl) monroe Bpe-
Ms ABIISUIMCH cBepTOuHble HeipoHHble cetu (CNN). B uacTHOCTH, 1OBOJBHO JI0JTOE BpeMs B
chepe kommprorepHoro 3peHus (CV) riaBHBIM MexaHH3MOM 00bsicHeHus Obu1 Meton CAM
(class activation maps) [3]. B cBsi3u ¢ COBMECTHBIM HCIIOIB30BAHUEM TJI00AIBHOTO MyJUHTa U
JUHEHHOTO KJIacCHu(UKaTOpa ITH JIBE ONepali MO>KHO ObUIO TPEACTaBUTh B BUJE €IUHON MaT-
puibl KO3QPHUIUEHTOB, KOTOpast P COBMEUICHUH C KOHEYHBIMH KapTaMH aKTHBAIMH J1aBaya
METOJI OIICHKH 3HAYNMOCTH 30H N300pa’keHUs 110 OTHOIIICHHIO K BBIBOJIY CETH. BakHBIM MOMEH-
TOM SIBJISIETCS TO, UTO JAHHBIM MMOJIXO/ HE MPUBSA3aH TOJNBKO K chepe KOMIIBIOTEPHOTO 3pEHHs, HO
MOYXET OBITh TIPUMEHEH Be3[Ie, T1Ie Pe3yJIbTaThl padOTHI MOIYJIS TONYYAIOTCS MyTEM JIMHEHHOM
KOMOUWHAIMK BXOJHOTO BEKTOPa ¢ KOd(HUIIMEHTaMH.

B nocnenyromue roasl NOSBUINCH HOBBIE METOJbI OOBSICHEHUSI paOOThl HEHPOHHBIX CEeTel
BO BCEBO3MOXHBIX MojaibHOCTAX. Tak, meron LIME [4] mo3BossieT oOy4uTh MEHBIIYIO
HEeHpoceTh M alpOKCUMHUPOBATh U3y4yaeMylo, OH ObUI IPUMEHEH BO MHOTHX paboTax, BKIIIO-
yasi 1 UHTEepeCyIollyIo Hac 00paboTky ecTecTBeHHBIX sA3bIKOB (NLP). To ke camoe kacaercs u
metona SHAP [5].

Bonbmioli pepomonueld B rimyOOKOM OOy4YeHHMH CTalo M300peTeHHe, paclpoCTpaHEHHE H
yIIy4dlIeHUE ceTe Ha apXuTeKkType TpaHcdopmepa. [lo npupoae paboTel MexaHH3Ma BHUMAHHS
9TH CETH YXKE BKIIIOYAIOT B ce0s HEKYIO CTEIIEHb MHTEPIPETUPYEMOCTH. TakK, 0COOEHHO CHUIIBHO
BBIZICNIICTCSL KpaifHe TIyOoko mpopaboTaHHbli uHCTpyMeHT BertViz [6]. U xoTh wu3-3a

Hzeecmus Kabapouno-bankapckoeo nayunozo yeumpa PAH Tom 26 Ne 4 2024 55



INFORMATICS AND INFORMATION PROCESSES

HPUCYTCTBUSI MHOTOCIIOWHOTO TIEPLENTPOHA B TpaHchopMepax 00bsSCHEHHS HA OCHOBAHUH KapT
BHUMaHUA He sBisitoTcs Ha 100% 10cTOBEpHBIMU, OHM HaMEHEE MHBA3UBHBIC M TPEOOBATEIbHBIE K
apXUTEKTYpE, YTO KpaiHEe BaKHO JUIs OOBSCHEHUS y)KE CYHICCTBYIOIIMX Mozeield. OObsiCHeHHsI
TaKOI0 pojia MPUHAIKAT K chepe MEXaHUCTUIECKUX 00bsICHEeHHH [7].

ITOCTAHOBKA TIPOBJIEMbI T AJUTFOLIMHATIAMN
1 OBMAHA TEHEPATUBHBIX MOJIEJIEM, LIEJIU U 3AJAUA

Ha nmaHHBI MOMEHT TaJUTFOIIMHAIIMK SIBJISIFOTCS OJIHOM W3 KJIFOUEBBIX MPOoOJeM B 00JIacTH
O0O0BSICHUIMOTO HMCKYCCTBEHHOTO HMHTEIeKTa. OHM MPOUCXOAAT TOTJa, KOT/la HEHpOHHAs CETh
«BBIIYMBIBAET» (PAKThl UM CBS3H, KOTOPHIX HAa CaMOM JieJie He cyuiecTByeT. OJJHUM U3 METOJI0B
pereHust qaHHOM npoosemsl siBisieTcst RAG [8] (retrieval augmented generation). OHako WHBe-
CTHPYS PeCypchl B HEMapaMeTPUUECKYIO MaMsATh, MbI TEPSIEM PECYPChI, KOTOPbIE MOTJIU Obl OBITH
MOTPAYCHBI Ha caMy MOJIeNh; Oojiee Toro, 4To0bsl RAG mokaspIiBai XOpoIme pe3yIbTaThl, TPeOy-
eTcs JOBOJIBHO JIOporoe oOydeHHe BTOPOM MOJENH, KOTopas OyJeT HaXOAWUTh CBSI3aHHBIE C 3a-
MIPOCOM JIOKYMEHTHI.

Eme GonpmimMu yrpo3amu SIBISIFOTCS COKPBITHE U JIOKb. Tak Kak HelpoceTeBble MOAETH —
3TO YEpHbIE AUIUKH, TO Mbl HUKOT/Ia HE MOYKEM OBITh MOJTHOCTHIO YBEPEHBI, YTO MOJIETh OTBEYa-
€T Ha BOIMPOCHI YECTHO HIIM YTO €€ OOBSICHEHHS NOCTOBEpPHBbL. COKPBHITHE YACTHYHO PEIIAETCs
metoaoMm CoT [9] (chain of thought prompting), KOTOpPBIil, XOTh ¥ OBUT BBEIEH IS TIOBBIIICHHS
3G GEeKTUBHOCTH pabOTHl TeHEPATHBHBIX MOJENEH, TAKKE MO3BOJISIET HAM 3ariIsIHYTh B UX MBIC-
JTUTENBHBIN Tporiecc. OHAKO Jake B 3TOM cliydae yke Obuto mokazano, uto GPT (generative
pretrained transformer) Moaenu MOryT AeNerupoBaTh 4acTh 00pabOTKu MHGOpPMAIMU HA Mallo-
uHdopmatuBHble yacti TekcTta [10] (Hamprmep, MyHKTyaI[H0), TaK YTO HAM HEOOXOAMMO OT-
CIIeKUBATh, KyJ1a UMEHHO CMOTPHUT MOJEIb.

METO UICCIELOBAHUA. OIIMCAHUE IIPEJIOXXEHHOI'O PEIIIEHUA

Kak nepsbiii war Ha nytu k 1M, 0TBETHI KOTOPOrO MBI MOXKEM IPOBEPATH HA JIOCTOBEPHOCTD,
MBI NIpeIaraeM MCIoiib30BaTh attention rollout [11] ans momyyeHus kapT BHUMaHHUS MOJAETH BO
BpeMs T€HEepallii CBOMX OTBETOB U CaMO-O0BACHEHMs. B oTiMuMe OT mpeaplIyuux UMILIeMEH-
Talui Mbl coOMpaeMcs OTCIIeKUBAaTh BHUMAaHKE Ui T€HEpallui KaXkJI0T0 TOKEHA, II03TOMY Me-
tony Mbl naeM Ha3BaHue AROT (attention rollout over time). AAropUT™MBI U NOTyYEHUS KapT
BHUMaHUs NpUBeeHbl HIKe. Ha OCHOBE aHHBIX KapT Mbl BBOJAUM JBE YHCIIEHHBIE MEPHI — OT-
HOILIEHUE KOHTEKCTa K OTBETY BO BpeMs reHepaliu caMo-00bsCHEHUS U OTHOLIEHHE pacrpe-
JIEJIEHUs] BHUMAHUS 10 U NOcie TeHepaluuu oTBeTa. llepBas BenuuMHA MO3BOJISET HaM INpPHU-
MEpPHO MOHAThH, HE MPOSIBIISIIA JIM MOJIeJb U30BITOUHOE BHUMAaHNUE K CBOEMY )K€ OTBETY WM K
HE CBSI3aHHBIM C 33jJadeil sieMeHTaM 3arpoca. Bropas BennumHa MOKa3bIBaeT, OB JIM MBbIC-
JUTENBHBIN TIPOLIECC MOJIETU BO BpeMsl FeHepaluu 00bsICHEHUS CX0XK C T€M, KOTOPBIH OHa HC-
NBITHIBAJIa BO BpeMs reHepanuu oTeera. llepBas BelMunHA SIBIASETCS MPOMOPLHEN CyMM KO-
3¢ (ULMEHTOB BHUMAaHHUA /10 U TOCJE TeHepaluu oTBeTa. BTopas BBIUMCISAETCS C MOMOIIBIO
pacxoxnenus: Kynn0Oaka — Jleiibnepa Mexay pacnpeneneHUs MU BHUMaHUS BO BpeMsl 0ObsICHe-
HUSL OTHOCHUTEIBHO PACIIPENEIEHHS BO BPEMsI COCTABIICHUSI M3HAYAJIBHOIO OTBETA. Tak Kak pac-
xoxaenne Kynnbaka — JleliOnepa He orpaHUYEHO CBEpPXY, TO MOPOTOBbIE 3HAUEHUSI OYIyT MpH-
OJIMKEHHO HallIeHbI 3BPUCTHYECKH.

Attention rollout over time s aBTOPErpecCUBHON CETH € MPOXOJOM IO KaXJIOMy CTCHEpH-

POBaHHOMY TOKEHY (0a30BbIil aNropuTM, HE aJaNTUPOBAH Uil pabOThl BO BpeMsl I'€HEpalui,
aJanTUPOBAHHAS BEPCHS HUXKE)
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Bxon: cincok A, conepaxaruii t rerzopos pazmepom (I, h, p, p), rne p = ctx + i
CtX — JJTMHA KOHTEKCTa

t — 4KCII0 CreHepHPOBaHHBIX TOKEHOB

| — HOMep reHepupyemoro Tokena ot 0 o t

| — uncio cioeB mozeH

h — umci0 TOIOB BHUMAaHUS

P — JUTMHA MTOCJIeI0BATEIbHOCTH Ha Iare |

Jlucmumne 1. AJZZOpMWlM BbIUUCTICHUS BHUMAHUSL MOOEIU HA npomsdNCEeHUU Ulaco6 ceHepayuu.

def TimeRollout (A, ctx):
past = []

for i, token in enumerate (A) :
attention = torch.zeros (ctx+i)
attention[-1] =1

for layer in reversed(token):
map = layer.mean (0)
# M3-3a OCTATOUYHOM CBA3M MH OpeljlaraeM CYMMMUMPOBATH
pe3yJbTaT BHMMaHUA Ha mare t C BHMMaHMeM Ha mare (t-1)
attention += attention @ map

out = attention[:ctx]
for j§ in range (0, 1i):

out += attention[ctx-1+i] * past[]]
out /= out.sum/()

past.append (out)

return past[-1]

Jlucmune 2. Coemecmuas cenepayus u eviuucienue AROT

def GenAndAtt (text):
amap = [1] * len(text)
ctx = text.index (1217)

for 1 in range (100):
attention = torch.zeros(len (text))
attention[-1] = 1

inp = {'input ids': torch.tensor([text]), 'atten-
tion mask': torch.tensor ([amap+[1]*i])}

amap.append (1)

out = model (**inp)
pred = out.logits[0, -1]
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layerAttentions = torch.cat (out.attentions, 0)

for layer in reversed(layerAttentions):
map = layer.mean (0)

attention += attention @ map
out = attention[ctx:ctx+seqlen]
for j in range (0, 1i):
out += attention[ctx-1+i] * past[]]
out /= out.sum/()
past.append (out)
id = pred.argmax () .item()
text.append (id)
print (tokenizer.convert ids to tokens (id).replace('G', ''"))
if id == 128256:
break

return text, past[-1]

Pacxoxnenne Kynbbaka — Jleitbnepa

p'(x;)
p(x;)

D@ 1Ip) = ) p)-logE5)

Jlucmune 3. Pacxoocoenue Kynvoarxa — Jletibnepa

def KLDivergence (P, Q):
return (P * (P.log() - Q.log())) .sum()

OKCIEPUMEHT U PE3YJIbTATBI
Jns mpoBeneHHs JKCIepUMeHTa ObUIM B3ATHI open source moxaenu Llama 3 8B [12] —
Dolphin 2.9, Mistral 7-B [13], Zephyr 7-B-p [14]. Monensm ObLIH 3a1aHbl HECKOJIBKO BOIIPOCOB
U JIISI OTBETOB BBIUMCIICHBI TPEIUIOKEHHBIC METPUKH. [1J1s1 TIOTydeHHs U TIpe/ICTaBIeHUsT HHDOp-
Malyu O pacrlpenesieHHd BHUMaHHs, a TAaK)Ke BBIYUCICHUS METPUK OBbUI HAlMCaH CBOM Ipo-
rpaMMHBII KoJ, B3aumoneicTBytommii ¢ APl huggingface. [IpumMeps! moay4eHHBIX pe3yIbTaToB C
dolphin-2.9 mpunoxxeHs! HUXe:
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OTBeT
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the question asked for the
capital of Russia, and Moscow
The capital of Russia is is the correct and widely
Moscow. accepted answer.

PacxoxpeHne KJT: 0.0030
Puc. 1. Pacnpedenenue HuManus Kk KOHmMeKcmy 0iisi Oomeema u 00bsCHeHUs
¢ pacxoxcoenuem KJI mescdy Humu

Fig. 1. Distribution of attention to context for answer and explanation
and the divergence of CL between them

capital of -0.08

Russia <|im_end|> <|im_start|> assistant

0.06

capital of Russia
0.04

Moscow . <|im_end|> <|im_start|>

0.02
PAD PAD PAD

OTHONICHNE MEXTy BHUMaHHEM K KOHTEKCTY U oTBeTy =1.355078935623169

Puc. 2. Pacnpedenenue BHUMAHUSL K KOHMEKCMY U Omeemy 0Jis 00bACHeHUs
¢ KO3hpuyueHmom omHoueHus BHUMAHUSL

Fig. 2. Distribution of attention to context and response for explanation
with attention ratio coefficient

Kaxnoit Mmogenu 3agaBaiock 10 maeHTHYHBIX BONpocoB. Ha 0CHOBaHMM MPOBEIEHHBIX KC-
MEPUMEHTOB OBLIO 3aMEeUeHO, YTO KOTJa MOJIeh BBIAET MPABUIBHBIN OTBET, pacxoxaeHue KJI
npuHUMaeT Maibie yncia (<0,1), a oTHOIeHne BHUMAHUS K KOHTEKCTY YHCIIa OOJIbIINE €TUHHIIBI
(monmydeHHbIE 3HAYCHHSI — CpeTHee TT0 BCeM MOJIENsIM U 3ampocaMm). HaoGopor, rpu ommobke pac-
xoxenue KJI 3ameTHo Boime (>1), a OTHOIIEHWE BHUMaHUS HUXKE €IMHMIIBI BILTOTH 10 0,26.

BEBIBOJIBI

BBeneHo 1 mpoTecTUPOBAHO JIBa METO/A /ISl OLIEHKH JOCTOBEPHOCTH CaMO-O0BSICHEHUN MO-
JIeTI U €€ YBEPEHHOCTH B OTBeTax. JlaHHOE MccleoBaHue TIOCTYXUT (PyHIaMEeHTOM i Oy Ty-
HIMX HccaenoBaHui B chepe 0OBICHUTENBHOIO MHTEIUIEKTa, a 3TO B CBOIO OYEpe]b JacT HaM
Oosble rapaHTUi 0€30MaCHOCTH MCIONB3yEeMbIX HAaMU IeHepaTHBHBIX Helpocerell. HecmoTps
Ha MPUMEHEHHUE aHTJIOSN3bIYHBIX MOJIETel B MPOBEIEHHOM padoTe, cielyeT cAenaTh BBIBOJ, YTO
OHa IPUBEIET K MOBBIIICHUIO HHTEpEca K pa3padoTKe PyCCKOA3BIYHBIX aHANIOroB. Takke B CBA3U
C pacmpocTpaHeHHEeM Mojelel Ha ocHoBe Mamba [15], X 3KOHOMHYHOCTBIO 10 CPaBHEHHUIO C

Uszeecmus Kabapouno-bankapckozo nayunozo yenmpa PAH Tom 26 Ne 4 2024 59



INFORMATICS AND INFORMATION PROCESSES

MOJIETISIMU Ha OCHOBE TPaHC(POPMEPOB U BO3MOKHOCTHIO HHTEPIIPETALINY C TIOMOIIBIO MEXaHNU3Ma
BHUMaHUA [16] OHM SBJISIOTCS MICATBHBIM KaHAUIATOM JUIS JATbHEUIIETO0 M3YYeHUS W3MEPEHHs
CTETIEHH JJOBEPHUS K CaMO-00BSICHEHUSIM T€HEPATUBHBIX MOJIEIICH.
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