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Abstract

The qualification paper deals with the English-Ukrainian translation of Air Force Doctrine
Note 25-1: Artificial Intelligence and the analysis of Al terminology in military-doctrinal discourse.
The aim of the study is to identify the genre, linguistic, and translational features of Al terminology
and to examine the techniques used in its Ukrainian rendering. The research focuses on the genre and
stylistic peculiarities of military-doctrinal discourse, the linguistic features of Al terminology, and
the main translation difficulties. The practical analysis is based on 119 terminological units and the
classification of translation techniques proposed by Molina and Hurtado Albir. The study shows that
calque and established equivalent are the most frequent techniques, while modulation, amplification,
transposition, description, borrowing, and generalization are used in more specific cases. The main
problems include structural compression, semantic ambiguity, and institutional mismatch.

Keywords: artificial intelligence, military-doctrinal discourse, Al terminology, translation
techniques, military translation.

AHoOTAaNIiA

KBanidikariiiny poOoTy MPUCBSIYCHO aHIIIO-YKpaiHChbKOMY Tiepekiiaay nokymenta Air Force
Doctrine Note 25-1: Artificial Intelligence ta anamizy TepMiHOJOTIi INTYYHOTO IHTEJICKTY Y
BIICBKOBO-IOKTPUHAIBHOMY JAMCKYypci. MeTa IOCHIKEHHsI MOJSIrae y BHSBICHHI JKaHPOBHX,
MOBHHUX 1 mepexnaganbkux ocobmuBocreit LI-repminonorii Ta anami3i mpuiiomMiB ii BiATBOPEHHS
YKpalHChKOI0 MOBOI. Y pOOOTI pO3IISHYTO KAHPOBO-CTHIIICTUYHI OCOOIMBOCTI BIHCHKOBO-
JOKTPUHAIBHOTO JUCKYpCcy, MOBHI pucu IllI-TepmiHOoNOrii Ta OCHOBHI TPYAHOIII NepeKyary.
[IpakTyHa 4YacTWHA IPYHTYeThCs Ha aHamiizi 119 TepMiHONOTIYHUX OAMHHUIBL 1 Kiacudikarii
nepeKiIafanpbkux npuiioMiB Momiau Tta Ypramo AnbOipa. YCTaHOBJICHO, MO0 HAWYACTOTHINTUMU
pUiioMaMu € KaJlbKyBaHHS Ta YCTaJICHUN BiIMOBIAHUK, a MOAYJISIIIS, aMILTi(iKallisl, TPAaHCTIO3HULIi,
ONMCOBHI TepeKyall, 3alo3WYeHHSI i TeHepalli3allisi 3aCTOCOBYIOTHCS y CKJIAQIHINIMX BHITAIKaX.
OcHOBHI Tpo0GJIeMH NEpeKIIay OXOIIIOTh CTPYKTYPHY KOMIIPECit0, CEMAHTUYHY HEOJHO3HAYHICTh
Ta IHCTUTYLIHHY HEBIAMOBIIHICTb.

Kuaro4oBi ciaoBa: 1UTyyHMil 1HTENEKT, BiMCbKOBO-IOKTpUHaANbHUM auckype, III-
TEPMIHOJIOT1s, epeKIaAalbki MPUHOMH, BIMCHKOBHM MepeKial.
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Introduction

The relevance of the translation project of Air Force Doctrine Note 25-1: Artificial
Intelligence lies in the growing importance of artificial intelligence in modern military operations,
security strategies, and defence policy. The translation of this doctrinal document is significant
because it expands access to professionally relevant military and technical information for Ukrainian
specialists, cadets, and researchers, and contributes to the development of Ukrainian terminology
related to Al and military aviation.

The state of the study of the problem includes the analysis of genre and stylistic features of
military-doctrinal discourse, as well as the translation of Al and military-technical terminology in
specialized texts. This problem is broad and interdisciplinary, combining linguistic, stylistic,
terminological, and translation-oriented approaches. The theoretical basis of the study includes works
by V. Georgieva and A. P. Jackson on military and doctrinal discourse, J. Byrne, P. Newmark, M.
Baker, and V. Karaban on technical translation and translation problems, L. Molina and A. Hurtado
Albir on translation techniques, as well as ISO/IEC terminological standards, works on Al-related
translation issues, and others.

The object of the research is Al terminology in military-doctrinal discourse. The subject of
the study is the techniques and problems of rendering Al and military-technical terminology from
English into Ukrainian in Air Force Doctrine Note 25-1: Artificial Intelligence.

The purpose of the research is to examine the theoretical and practical aspects of translating
Al terminology in military-doctrinal discourse and producing an adequate Ukrainian translation of
the selected doctrinal document.

Objectives of the study are:

1. to provide an equivalent, adequate, and stylistically appropriate Ukrainian translation of Air
Force Doctrine Note 25-1: Artificial Intelligence in accordance with the genre and
communicative purpose of the document;

2. to identify and analyze the main linguistic, stylistic, and terminological features of the source
text;

3. to determine and summarize the translation techniques used in rendering military and Al
terminology into Ukrainian.

The research material is the official military-doctrinal document Air Force Doctrine Note 25-1:
Artificial Intelligence, issued by the Department of the Air Force and the author’s Ukrainian
translation. The paper consists of an introduction, a translation part, an analytical part devoted to the
study of translation techniques and specific linguistic features of the text, conclusions, references and
appendices. The total number of translation project consists of 44 pages. The source text contains
approximately 6,191 words (around 37,584 characters without spaces), while the Ukrainian
translation comprises about 6,000 words (around 40,623 characters without spaces).

The approbation of the research was carried out at the XV II All-Ukrainian Student Scientific and
Practical Conference “Foreign Languages in the Modern Communicative Space”, held on April 16—
17, 2026. The main aspects of the study were presented in Section No. 2 “Current Issues of
Translation” and published as conference theses in the conference proceedings (Parkhomenko &
Radetska, 2026).



Chapter 1. Translation of Air Force doctrine note 25-1: Artificial intelligence

Source language
FOREWORD

This Air Force Doctrine Note (AFDN) describes Artificial Intelligence (Al)
and anticipates its role in air operations across the competition continuum. It
references various sources, including pertinent joint and service policy and
strategies, public law, academic and industry writings, and subject matter
expert consultations. This AFDN supplements existing Al policy and
strategies of the Department of Defense (DoD). It is intended to be
authoritative and informational, but not directive.

This AFDN examines problems and potential solutions to support Air Force
doctrine development at the operational level. It informs forecasted
doctrinal gaps regarding operational topics that will have Service-wide
impacts in the near term. The AFDN socializes emerging lessons learned
and best practices that commanders and staffs can use in strategy
development and air operations planning.

Finally, this AFDN acknowledges that opinions differ amongst Al experts
regarding the exact definitions of Al-related terms and concepts. Therefore,
this AFDN provides descriptions of Al-related terms to facilitate Airmen’s
understanding and to align future Service and Joint Al policy. If there are
any conflicts between this AFDN and a joint or service policy publication,
the respective policy takes precedence for the United States Air Force
(USAF) activities.

CHAPTER 1: INTRODUCTION

Target language

MMEPEJIMOBA
s noxTpunansHa HoTaTKa [loBiTpstHUX crit (AFDN) onucye mTydHuii iHTEIEKT
(LLIT) Ta mporHO3ye€ HOTO pOJIb Y MOBITPSIHUX OMEPAIisiX Y MEKaX KOHTHHYYMY
CTpaTeriyHoi KOHKypeHLii. BoHa nocunaeTscs Ha pi3Hi JpKepena, 30KkpeMa
BiJINIOBiTHY MIKBH/IOBY TIOJIITUKY Ta TMOJITUKY BHIIB 30pOHHUX CHJI, CTpaTerii,
myOJiyHe MpaBo, HAYKOBI1 Ta Taly3eBi Mpalli, a TAKOK KOHCYJIbTAIIIT 3
npodinbHUME eKkcriepTaMu. L{eit TOKyMeHT TOTIOBHIOE YHHHY TTOJIITHKY Ta
ctparerii MinictepctBa o6oponu (DoD) y chepi LLII. Bin mae aBTopuTeTHHII Ta
iHpOopMaLiiHuii, ane He TUPEKTUBHUIN XapakTep.

Y HbOMY PO3IIIAIAI0THCS TPOOJIEMH Ta MOTEHIIIIHI PIIICHHST IS i ITPUMKH
PO3BUTKY NOKTpUHHU [1OBITpSIHMX CHJI HA OllepaTUBHOMY piBHI. BoHa BUCBITIIIOE
IIPOTHO30BaH1 JOKTPUHAIbHI IPOTAJIMHU CTOCOBHO ONEPATUBHUX MUTAHb, K1
MaTUMYTh BILJIUB Ha PiBHI BCbOTO BUAY 30pOHHUX CUJT Y HAOMMK4ii
nepcnekTuBi. Lleit ToKyMeHT 1OBOAMTH 0 BijioMa HOBI HaOYTi YPOKHU Ta
nepeIoBUil 10CBIM, K1 KOMaHIUPH Ta MITa0U MOXYTh BUKOPUCTOBYBATH IiJ1 yac
PO3pOOKHU CTpaTerii Ta INIaHyBaHHS MOBITPSIHUX ONepalii.

Hacamkinenp, y 11iif HOTaTIi BU3HA€ETHCS, 110 cepe ekcnepTiB y chepi LI
ICHYIOTh p0O301’KHOCTI 11010 TOYHUX BU3HAYCHb TEPMIHIB 1 TOHSTH, TIOB’SI3aHUX
31 IITYYHUM 1HTENEKTOM. ToMy 1eil TOKyMEHT MICTUTh OMMCHU BiJMOBIAHUX
TEPMIHIB JJIsl COPUSIHHA iX pO3yMIHHIO aBiaTOpaMu Ta y3ro/KEHHsI Mail0yTHHOT
MOJIITUKY BUIIB 30pOMHUX CHIT 1 MKBHI0BOT MOMITUKH y cepi LI
VY pa3i BUHUKHEHHS OyAb-IKHX CYIepeYHOCTEH MIXK I[1€10 HOTATKOIO Ta
nyOuiKari€ro, 1110 BU3HaYa€ MKBUIOBY MOMITUKY a00 MOJITHKY BUAY 30pOoiHUX
cuJ1, epeBakHy cuity Juist aisibHocTi [oBiTpsuux cun CLHA (I1C CIIA) mae
BIMOBIAHA ITOJITHKA.

PO31JI 1: BCTYII



THE PROMISE OF Al

Computers transformed how wars were fought. The British “Bombe,” an
early computer, cracked the German Enigma cipher in World War 1. This
produced exquisite intelligence for the Allies and turned the tide in the
Battle of the Atlantic.

The development of early electronic supercomputers, powered by vacuum
tubes, enabled massive calculations supporting the space and missile
programs. In addition, the introduction of silicon-based semiconductors
revolutionized computing by enabling miniaturization. In turn, the
advancement of transistors played a key role in driving innovation in both
Cold War-era defensive systems and advanced weaponry. These
advancements in armed platforms with onboard computing power
transitioned the USAF from its reliance on mass to unprecedented precision
attacks in Operation DESERT STORM.

A new data-driven era has emerged. Academic and commercial innovations
are creating cutting-edge capabilities at increasingly affordable prices. Our
environment is saturated with "smart" devices that connect us through a
digital domain of unprecedented information. High-speed data processing,
the availability of large data sets, and big data analytics from machine
learning (ML) are all contributing to the emergence of new Al technologies
with seemingly unlimited possibilities.

Al will supercharge Intelligence, Surveillance, and Reconnaissance (ISR)
by providing networked sensors capable of identifying hidden “needles in a
haystack” without prior threat knowledge. Al will fuel robotics
advancements and enable intelligent swarms of autonomous agents to
perform tasks once thought to exist solely under human control. Al is

MNEPCHEKTUBU LITYYHOI'O IHTEJIEKTY (LLI)

KoM’ totepu JOKOpiHHO 3MIHWIIM XapaKTep BeJeHHs BiiiHU. bpuTancbka maimmHa
«Bombey, oauH i3 mepmmx KoM 0TepiB, emudpyBaia Ko HiMEIbKOT
«Enirmm» mig yac pyroi cBiToBoi BiitHH. Lle 3a06€3me4miio cOr03HUKIB BUHATKOBO
BXJIMBUMH PO3BIIyBAIBHUMH JaHUMH Ta 3MIHWIO Xi7 BUTBM 32 ATnaHTHKY.

Po3pobka nepumx eneKTpOHHUX CYIIEPKOMIT IOTEPIB Ha €JIEKTPOHHUX JaMIlax
YMO>KJIMBUIIA TPOBECHHS HAJICKJIQAHUX O0YHMCIIEHB 15 3a0€3MeUeHHS
KOCMIYHHUX Ta PAKETHUX MTPOTpaM.

Kpim Toro, BipoBapkeHHS HAIIBIIPOBITHUKIB HA OCHOB1 KPEMHIIO 31HCHUIIO
PEBOJIIOIIIO B OOYUCITIOBAIBHIN TEXHIIll, yMOKIUBUBIIN MiHIaTIOpU3aIito. ¥
CBOIO Yepry, BAOCKOHAJICHHS TPAH3UCTOPIB BIAIrpasio KIIOYOBY POJIb Y
CTHMYJIIOBaHHI IHHOBAIliH sIK B 0OOPOHHHMX CHCTEMAaXx YaciB XOJIOHOI BiHH, TaK i
B HOBITHIX 3pa3kax 030poenHs. L{i qocaraeHHs y cTBopeHH1 00i0oBUX T1aThopm
13 OopTOBMMH 00UUCTIOBATBHIMH TTOTYX)HOCTIMU Ao3Boivm [1C CIHIA mijx gac
omneparii «byps B mycreni» nepelTy BiJl TAKTUKA MAaCOBAHOTO 3aCTOCYBaHHS CHIIH
JI0 HaHECEHHS yapiB Oe3MpereICHTHOT TOYHOCTI.

Hacrana HoBa epa, 110 IpyHTY€ThCS Ha JaHuX. [HHOBAIlIT B HAYKOBOMY Ta
KOMEPIIIHOMY CEKTOpax CTBOPIOIOTH MEPEI0BI CIIPOMOKHOCTI 3a Jiefani
JMOCTYMHIIMMH 1iHamMu. Hartre cepeoBuiie HaCMUE€HE «PO3YMHHME)
MPHUCTPOSIMH, 110 TOETHYIOTh HAac y (poBOMYy MpocTopi 3 Oe3npereAeHTHUMHU
oOcsaramu iHpopMari.

BucokomBuakicHa 00poOka TaHUX, HAsSBHICTh BEIMKUX MAaCHBIB JaHUX Ta
aHaJIITUKA BEJIMKUX JIaHUX Ha OCHOBI MamMHHOro HaB4anHa (MH) cpusitots
nosiBi HoBuX TexHouorii LI 3, Ha nepmmii morisa, HeoOMeKEeHUMHU
MOYKJTUBOCTSIMHU.

I 3HaYHO TTOCKIIUTB PO3BIJIKY, CIOCTEPEKEHHS Ta pekorHocuupoBky (ISR),
3abe3neuyroun poOoTy MEpPEeKEBUX CEHCOPIB, 3JaTHUX BUSABISATH MIPUXOBaH1
«TOJIKM B CiHI» 0e3 nmonepeaHboi iHpopmaii npo 3arposy. LI crumyntoBatume
nporpec y poOOTOTEXHilll Ta YMOXJIMBUTh BUKOPUCTAHHS IHTEJIEKTyalbHUX POiB
aBTOHOMHUX areHTiB /Il BAKOHAHHS 3aB/aHb, K1 paHillle BBaXKaIHCS



anticipated to accelerate training, create information advantage, strengthen
readiness, and generate synthetic experiences that ultimately drive both
machine and human learning.

Al will assist planners with advanced tools to plan for highly complicated
tasks, such as sustainment, and then wargame solutions informed by real
time analysis of the environment and our adversaries’ potential actions. It
will assist in the testing and evaluation of various strategies and operational
concepts in a virtual sandbox. In international affairs, Al will support the
design and implementation of cooperation and assistance programs to
strengthen strategic partnerships. It may even recommend new partnership
scenarios for strategic advantage.

Al has great promise. There are significant national security implications
for United States leadership in developing safe, secure, and trustworthy Al
while fostering a stable and responsible international governance framework
to manage risks and promote global benefits. Al will help commanders
make more informed decisions across the strategic, operational, and tactical
levels of warfare.

THE RISK OF Al

Despite its novelty, Al is ubiquitous and already proving its value as a force
multiplier in competition and conflict. Al technology could prove to be a
cost-effective way that limited resourced countries enhance their
capabilities to erode U.S. strategic advantage. In the realm of Great Power
Competition, our competitors and potential adversaries, such as China and
Russia, invest heavily in Al. The People’s Republic of China publicly stated
its goal is to lead the world in Al development by 2030. Today, China is

HiAKOHTPOJILHUMH BUKIIIOYHO JitoquHi. [Ipornosyerscs, mo I npuckoputs
MiITOTOBKY 0COO0OBOIO CKJIaly, CTBOPUTH iH(POpMAIliiiHY TIepeBary, MOCHINTh
OOErOTOBHICTH Ta FeHEPYBAaTUME CHHTETUYHUHN JIOCBIiJI, 1110 B KIHIIEBOMY MiJICYMKY
CHPUATHUME HAaBYAHHIO SIK MAILMH, TaK 1 JIIOACH.

T nonomaraTume MmIaHyBaJbHUKAM 32 JOTIOMOTOIO TIEPEIOBUX iHCTPYMEHTIB Y
MJIaHyBaHHI HAJCKIIAIHUX 3aBJaHb, TAKUX K MaTeplaJIbHO-TEXHIYHE
3a0e3neueHHs], a IOTiM MOJISTIOBAaTUME PillIeHHs (IIPOBOJAUTUME BOEHHI ITpH) HA
OCHOBI aHaMi3y 00CTaHOBKH B peaJIbHOMY 4aci Ta MOTeHUIWHUX [}
CYNpOTHBHHKA. BiH cipusiTiMe BUIPOOYBaHHIO Ta OL[IHIOBAHHIO PI3HUX CTpaTeTii
Ta ONEpaTUBHUX KOHIENIIH y BIpTyaabHIl «TiCOUHUI». Y MIKHAPOIHUX
cnpasax LI migrpumyBaTtume po3poOKy Ta BOPOBAKEHHS IPOTPaM CIiBIpall Ta
JIOTIOMOTH JIJIsI 3MIITHEHHS CTPATETiYHUX MapTHEPCTB. BiH Moke HaBITh
PEKOMEHIyBaTH HOBI clieHapii mapTHEPCTBA ISt 300YTTS CTPATEriyHOl epeBary.

I mae Benuki nepcnexktusu. JlinepctBo Crnonyuenux IITarti y po3po0iii
Oesmneynoro, 3axuiieHoro ta Haairxoro LI Mae Baromi HacaIAKHA s
HalllOHAJIbHOT O€e3MeKH, BOJHOUYAC CIIPUSIOUN po30y10Bi CTaOlIbHOT Ta
BIJIOBIAAJILHOT CUCTEMHU MIXHAPOJIHOTO PETrYJIIOBAaHHS Ui YIPABIIHHS pUSHKaMU
Ta crpusiHHA riobansHuM Onaram. I nonomoxxe komanupam npuitMaty O1IbII
OOTrpyHTOBAaHI pPILLIEHHS HAa CTPATEr1YHOMY, OTIEPATUBHOMY Ta TAKTUYHOMY PIBHSX
BEJICHHS BIMHM.

PU3UKH LI

[Toripu cBoto HOBU3HY, LI BKe MHUPOKO BUKOPUCTOBYETHCS 1 BXKE TOBOAUTH
CBOIO I[IHHICTh SIK YMHHUK, 10 TPUMHOXKY€E OOHOBI MOXIJIMBOCTI, B YMOBaxX
KoHKypeHuii Ta koHpaikTy. Texnounorii LI MOXyTh BUSBUTUCS €KOHOMIYHO
e(eKTUBHUM CIIOCOOOM, 32 JIOMOMOTI0I0 SIKOTO KpaiHU 3 00MEXEHUMH pecypcamMmu
MOCHJTIOIOTH CBOT CITIPOMOYKHOCTI JUIsl HiBEIOBaHHS cTpaTteriyHoi nepeBaru CILIA.
VY cdepi cTpareriyHoi KOHKYpPEHLIi BETUKUX JIepKaB Hallll KOHKYPEHTH Ta



using Al to monitor and repress its people at scale. Its access to US citizens’
data, particularly Airmen, creates new pathways for Al-enabled attacks
against the US and targets in the Homeland.

Both China and Russia are wagering on the potential of Al for military
applications. China is accelerating efforts to become an “intelligentized”
force that is optimized by human machine teaming. In addition to investing
in autonomous vehicles and intelligent robotic systems, China is focused on
applying Al to command decision-making, logistics, cyber operations,
swarms, missile guidance, and the cognitive domain. Similarly, Russia is
integrating Al into its doctrine and strategies. Russia is making great strides
in Unmanned Aerial Vehicles (UAV), autonomous ground vehicles, and
underwater systems. Both China and Russia are focused on integrating Al
for more effective command and control, targeting and reconnaissance, and
electronic warfare systems.

We anticipate Al will strengthen many warfighting capabilities, but
warfighters must be aware of its potential pitfalls. Specifically, decision-
making delegated to Al may lower the threshold for conflict by accelerating
actions and responses beyond the capability of traditional “human
firewalls.” Also, given the collaborative nature of Al system development,
which often involves commercial, academic, and military organizations
with varied information security standards, it is crucial to carefully
determine both the data that Al systems can access, and the individuals
authorized to access that data. Further, adversary efforts and inaccurate data
sets can “poison” Al systems with bad data, leading to erroneous decisions
and pathways for deception and surprise. This will challenge our trust in Al
and inhibit its adoption. Therefore, we must embrace responsible Al
through understanding and experimentation. As Airmen, we must employ

MOTEHIIIHI CYyMPOTUBHUKH, Taki sik Kutait Ta Pocis, 341iiCHIOIOTh 3HAYHI
imBectuilii B L. Kuraiicbka Haponna PecrmyGiika my6i1iuHO 3asBHIIa PO CBOKO
METy CTaTH cBiTOBUM Jigepom y po3pooiri I 1o 2030 poky. Croroaai Kurait
BukopuctoBye LI 1y MacimTaGHOro MOHITOPUHTY Ta penpeciii IPOTH BIACHOTO
Hacesnenns. Moro nocryn no mauux rpomazsa CIIIA, 30kpema aBiaTopis, CTBOPIOE
HOBI NUISIXM [ aTak 13 BukopucTanHsaM LI mporu CHIA Ta 1ineit Ha Teputopii
KpaiHH.

I Kurai, i Pocist poGuisats craBky Ha norenmiain I st BificbkoBoro
3acrtocyBaHHA. KuTail mpuckoproe 3yCusuis 3 METOI0 TIEPEeTBOPEHHS Ha
«IHTEJIEKTYyalli30BaHy» CHIIy, OIITUMI30BaHy 3aBISKH B3AEMOJIT «JIIOIHA-
MamHay. OKpiM 1HBECTYBaHHS B aBTOHOMHI TPaHCIIOPTHI 3aco0u Ta
IHTENeKTyanbHI poOOTH30BaH1 crucTeMu, Kurtail 30cepeKyeThesi Ha 3aCTOCYBaHHI
I y npuifHATTI KOMAaHAMPCHKUX PillIEHb, JIOTICTHUII, Kibepomeparrisx,
[TexHOMOTisX| pOiB, HABEICHH] paKeT Ta y KOTHITUBHIH chepi. AHAIOTIYHIM
yrHoM Pocis interpye LI y cBoi nokTpunu Ta crpaterii. Pocis nocsirae 3Haq4Horo
nporpecy y cdepi 6e3ninorHux Jitanpaux amapatiB (BI1JIA), aBToHOMHUX
Ha3eMHMX TPaHCIOPTHHUX 3ac0o0iB Ta miaBoAHUX cucteM. I Kurai, 1 Pocis
3ocepemkeni Ha iHTerpartii LI mist migBuieHHs eeKTUBHOCTI CUCTEM
KOMaHyBaHHs Ta ynpasiinHs (C2), nijgeBka3zaHHs 1 PO3BIJIKH, a TAKOXK
pagioeNeKTPOHHOT O0POTHOH.

Mu nporuozyemo, mo I nocunute 6arato 60MHOBUX CIPOMOKHOCTEH, OJTHAK
BiliCbKOBOCTY0O0BIII TOBUHHI YCBiJOMIIFOBAaTH HOTO MOTEHIIIHI MPUXOBaH1
HeOe3nekn. 30KpeMa, JIeNIeryBaHHs MPOLECY NPUHHATTS PillieHb IITYYHOMY
IHTENIeKTY MOXe 3HU3UTHU MOPIr MOYaTKy KOHDIIKTY Yepe3 NPUCKOPEHHS A1l Ta
peaxiIIiil, mo BUXOIATH 3a MEX1 MOKIMBOCTEH TPATUIIIMHUX «TFOJCHKUX
3anoOikHuUKIBY (human firewalls). Kpim toro, BpaxoByroun CriibHAN XapakTep
po3pobku cucteM LI, 1o sikoi yacTo 3amyyaroThCs KOMEPIIiiHI, HAyKOBI Ta
BICHKOBI Oprasizaiiii 3 pi3HUMH cTaHaapTaMu iH(popMalliitHoi 6e3neku,
KPUTHYHO BOXJIMBO PETEIILHO BU3HAYATH SIK JaHi, 10 sskux cuctemu LI MoxyTh
MaTH JOCTYII, TaK 1 0ci0, yIIOBHOBAKEHUX HA JOCTYII JI0 LIUX JaHHX.



Al to enhance kinetic and non-kinetic capabilities while defeating adversary
disinformation campaigns.

Since our service’s inception, Airmen have harnessed new technologies to
strengthen our nation’s strategic advantage. Al is no different. We must
accelerate ethical enterprise adoption, experimentation, and fielding of Al-
enabled capabilities to rapidly develop the required infrastructure and
Governance required to successfully employ Al.

CHAPTER 2: Al OVERVIEW
WHAT IS AI?

Recent technological breakthroughs and application development within the
field of Al have uncovered opportunities and possibilities once considered
impossible. In many ways, these exponential developments out-paced our
ability to deliberately develop a shared understanding and consensus on Al-
related topics. Across academia and industry, there are nuanced distinctions
among Al definitions and terminology. Currently, DoD has not established
a doctrinal definition for Al but has deferred to, and directed the Services to
utilize, U.S. Code and Executive Orders to establish Al-related definitions
and guide policy development.1 This AFDN does not establish official
Department of the Air Force (DAF) definitions for Al or its associated
terms. Rather, this AFDN provides descriptions of Al terminology and
concepts, which are intended to provide a better understanding of Al’s
potential in USAF operations. Generally speaking, Al uses technology

ba 6inbie, 11ii CynmpOTHBHHUKA Ta HETOYHI HAOOPH JAHUX MOXKYTh «OTPYITH»
cucremu LI xubHO0O 1HGOpPMAaIIi€TO, IO TPU3BEIE 0 MOMUIKOBHX PIIICHb Ta
CTBOPUTH IUISXH JIUIsI BBEJCHHS B OMaHy 1 JOCATHEHHs panToBOCTi. Lle Moxe
nigipBary Hamry noBipy 1o I Ta ctpuMyBatu Hioro BnpoBapkeHHs. ToMy Mu
MOBHMHHI BIPOBA/XKYBaTH MPUHIIMIY BiANoBiAanpHOro Bukopuctanus LI uepes
rMOOKe pO3yMiHHSA Ta EKCIIEPUMEHTYBaHHS. SIk aBiaTOpH, MU TTOBUHHI
3acrocoByBatu LI 1y1st MOCMIICHHS KIHETUYHUX Ta HEKIHETHYHUX
CIPOMOYKHOCTEH, BOJTHOYAC HEUTpaII3yr0uH Je3iHdopmaliiiiHi kammnaHii
CYNPOTHBHHKA.

3 MOMEHTY CTBOPEHHS HAIIOT0 BUIY 30pOHHMX CHJI aBiaTOpU OMaHOBYBAJIM HOBI
TEXHOJIOT11 3aJJ1s1 3MIIIHEHHS CTpaTeridyHoi nepeBaru Hammoi nepxasu. 111 He €
BUHATKOM. MU IMOBHUHHI PUCKOPHUTH ETUYHE BITPOBAHKCHHSI,
EKCIIEPUMEHTYBaHHS Ta PO3TOPTaHHA CIIPOMOXKHOCTEH Ha ocHOBI L1, 00
IIBUJIKO Po30yayBaTH iHQPACTPYKTYPY Ta CHCTEMY PETrYJIIOBaHHS Ta YIIPABIiHHSI,
HeoOXiHi 1t ycrmimHoro 3actocyBanHs 111

PO3JILJ 2: 3BATAJIBHUI OTJISI LT
1O TAKE II?

HemonaBHi TeXHOJIOT1YHI IPOPUBH Ta po3poOKa 3acToCyHKIB y chepi 11T
BIJIKPHUIT MOXKJIMBOCTI Ta IEPCHEKTUBH, SIKI KOJIMCh BBAKAINCSA HEMOXKIMBUMH.
baraTto B YoMy 111 €KCIIOHEHI[IM{HI TEMIIU PO3BUTKY BUIIEPEAUIIN HAIly 3AaTHICTh
BUBAXEHO (DOPMyBaTH CHUIbHE PO3YMIHHS Ta KOHCEHCYC 111010 TE€M, ITOB’ I3aHUX
31 II. V HaykoBuX Ta ragy3eBUX KojaX ICHYIOTh II€BHI BIAMIHHOCTI Y
BU3HaveHHsAX Ta repminosnorii 1. Hapasi MinicrepctBo o6oponu (DoD) ne
3aTBEpAMNIIO TOKTpUHAIbHOTO BU3HaueHHs LI, HaTomMicTh BOHO MOKIIaAaeThCs Ha
Konekc 3akoniB CLLIA ta Yka3u IIpe3uaenta i 30608’ s13a110 Buau 30poitHUX cri
BUKOPHCTOBYBATH iX JUIsl BCTAHOBJIEHHS BU3HAau€Hb, OB’ sa3anux 31 L1, Ta
KEpiBHHUIITBA PO3POOKOIO MOJITHKH.

I{s HOTaTKa HE BcTaHOBIMOE o(imiitHux Bu3HaueHb MinictepcrBa BIIC (DAF) nns
I a6o cymyTHix TepMiHiB. HaTomicTh, 11e# JOKYMEHT MICTUTh OITUCH
TepMiHoorii Ta moHaTh I, moxnukaHi nokpamuty po3yMinns norexuiany LI B



systems, in combination with rule-based and ML approaches, to
approximate aspects of human cognition. However, unlike humans, Al is
limited in that it does not critically examine the validity of its system’s
inputs or the broader consequences of its outputs.

DESCRIPTION OF Al TERMINOLOGY

To integrate Al into military operations, it is essential to understand Al
terminology. The examples in this Doctrine Note are not exhaustive but
illustrate true distinctions between related and complementary Al
disciplines and aspects.

The terms ""Narrow Al and ""Weak Al'" have slight nuanced differences
but are used interchangeably in this document. These terms refer to Al
systems that are limited to performing a specific task or function and do not
have the ability to learn new tasks.

In contrast to Narrow or Weak Al, Artificial General Intelligence (AGI)
aims for Al with human-like understanding, learning, and adaptation across
tasks. AGI does not currently exist, and some experts argue it may never
exist. However, there is consensus that AGI is not possible with today’s
capabilities. AGI is a long-term goal facing technical, ethical, and
philosophical challenges. Despite this, there is progress towards AGI with
new algorithms and hardware. While AGI systems are not ready for
airpower employment, Airmen must consider ethical and practical
challenges in operations and planning if AGI becomes a reality.
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onepauiax [Toitpsauux cun CILIA. VY 3aransHOMY po3yminHi, LI BukopucroBye
TEXHOJIOTIYHI CUCTEMH y TIO€THAHHI 3 IMiIX0JaMH, 110 IPYHTYIOTHCS Ha MTPpaBUIIaxX
Ta MamrHHOMY HaBuaHHi (MH), 11t HabMM>KeHOTo BiATBOPEHHS ACTIEKTIB
mosicbkoro mucieHHs. [lpore, Ha Biqminy Bin mroauHu, L1 oOMexenuid TuM, 110
HE 3/1aT€H KPUTHYHO OLIIHIOBATH JIOCTOBIPHICTh BXIJHHUX JaHUX CHCTEMH 200
IIUPIII HACIKHA PE3yJIbTaTiB CBOET POOOTH.

OIIUC TEPMIHOJIOI'TI I

106 inTerpysaru LI y BiificbKOBI orneparlii, BXXJIHBO PO3yMiTH TEPMIHOIOTIIO
LI IMpuknaay B 1iKi JIOKTpUHAIBHIM HOTATIll HE € BAYCPITHUMH, OJJHAK BOHU
UTFOCTPYIOTh peajbHi BIAMIHHOCTI MK CYMDKHHMH Ta B3a€MOJIONIOBHIOBAIbHIMH
nucuuIuiHaMu | acriektamu 11

Tepminu «By3bkwuii I1I1» (Narrow Al) ta «cmabkwuii II» (Weak Al) marots
HE3HAYH1 3MICTOBI BIZIMIHHOCTI, aJie B IIbOMY JOKYMEHTI B)KHBAIOTHCS SIK
B3aemo3aMiHHi. L{i Tepminu cTocytotees cuctem LI, siki oOMexeHi BUKOHAHHIM
KOHKPETHOTO 3aB/IaHHs a00 (YHKIIIi Ta HE MalOTh 3[aTHOCTI HABYATHCSI HOBUM
3aBJJaHHSM.

Ha Binminy Bix By3bkoro abo cnadkoro LI, 3aranbuuii mry4nnii intenext (AGI)
Mae Ha MeTi ctBopeHHs 111 3 moackkuM piBHEM pO3yMiHHS, HABUAHHS Ta
amanrarii 10 pi3Hux 3aBaanb. Ha ceorogni AGI He icHye, 1 1esKi ekcrepTu
CTBEPIKYIOTb, LII0 BIH MOXKE HIKOJIM HE 3 IBUTUCA. Y TIM, ICHY€ KOHCEHCYC, 1110
ctBopeHHs1 AG| HemMoxIuBe 3a HassBHUX cripoMoxHOcTel. AGI 3anumaerscs
JIOBIOCTPOKOBOIO METOIO, TIOB’A3aHOI0 3 TEXHIYHUMHU, ETUYHUMHU Ta
¢inocopcrkumu BUKIMKaMu. [Tonpu 11e, 3aBSKKM HOBUM aJlTOpUTMaM Ta
armapaTHOMY 3a0€3IEeUeHHIO CIIoCTepiraeThes mporpec Ha nuwsixy 1o AGI. Xoua
cucremu AGI 11e He TOTOBI /10 3aCTOCYBaHHS B aBiallii, aBiaTOpH MOBHHHI
BpaxoBYBaTH €TUYHI Ta MPAKTUYHI BUKJIMKH 1] 4aC IPOBEIACHHS Onepariiii Ta
rianyBaHHs, Ko AGI crane peanpHICTIO.



Expert Systems, meant to complement and not replace human experts, use
human expert knowledge combined with rule-based and/or advanced
mathematical representations to solve narrowly defined problems. A
common application in decision support applications is a medical diagnosis
consultant system.

Machine Learning (ML) is a field of Al concerned with the development
and study of statistical algorithms that can learn from data and generalize to
unseen data and thus perform tasks without explicit instructions. ML-based
Al systems do not follow traditional programming rules. Instead, they draw
from various disciplines such as computer science, statistics, psychology,
neuroscience, economics, and control theory to analyze data and extract
patterns from the data. However, ML does not possess the ability to
understand or utilize these disciplines independently. Rather, it finds
patterns in the data based on how it was programmed. The ML behind Al
systems that defeated human champions in cognitive games such as chess or
Go still required significant human knowledge to be encoded into its design
before the ML process started.

Training Data is the information used to teach Al models to make
predictions and classify data by identifying patterns from input-output pairs.
The quality, quantity, and diversity of the training data impacts Al system
performance and accuracy, with any unintended biases or inconsistencies
leading to incomplete or erratic results. Test Data is data not used during
training and is reserved to evaluate the performance of the model after
training. After a system is trained and tested, additional training and testing
may be required if the input data begins to differ substantially from the
original training data.

11

ExcnepTHi cucTemMu, sKi MOKJIMKaHI JOMIOBHIOBATH, a HE 3aMIHIOBATH JIFOJICH -
€KCIIepPTiB, BAKOPUCTOBYIOTh 3HAHHS (DaxiBIliB y MOEIHAHHI 3 MPEJCTaBICHHAMU
Ha OCHOBI IIPaBWJI Ta/ab0 MepeOBUMH MAaTEMATHYHUMU MOJICIISIMH JIJIS
BHpIIIIEHHS BY3bKO BU3Ha4YCHHX MpobieM. [Tommpenum npukiaaom y chepi
HiATPUMKH MPUAHATTS PillIeHb € CUCTEMa-KOHCYJIbTAHT 3 MEIUYHOT 1IarHOCTUKH.

Mammunne HaBuanas (MH) — ne ranyss LI, mio 3aiimaeTbest po3poOKoro Ta
BUBYCHHSIM CTaTUCTHYHHX QJITOPUTMIB, 3JJaTHUX HABUATHCS Ha TAHKX 1
y3arajlbHIOBaTH PE3yJIbTATH JIJI1 HOBHUX JIAHUX, BAKOHYIOYH TAKHM YHHOM
3apnanHs 6e3 npamux iHcTpykiiid. Cuctemu LI Ha ocHoBi MH He kepyroThest
TPaAULIHHAMU TIPABHIIAMU TPOTpaMyBaHHs. HaTOMiCTh BOHU BUKOPHUCTOBYIOTh
METO/IM 3 PI3HUX JUCIMILIIH, TAKUX K iHHOpPMATHKA, CTATUCTUKA, IICUXOJIOT,
HelpoHayKa, EKOHOMIKa Ta TEOPis YIpaBIiHHS, IS aHATi3y JaHUX 1 BUSBICHHS B
HUX 3aKoHOMipHOcTel. Onnak MH He BoJoJlie 3MaTHICTIO CAaMOCTIITHO PO3YMIiTH
a00 3aCTOCOBYBATH IIi JUCIUILTIHUA. BOHO JiHIIIe 3HAXOAUTH 3aKOHOMIPHOCTI B
JTAHUX Ha OCHOBI TOTO, sIK OyJ10 3anporpamMoBane. MH, nokiaieHe B OCHOBY
cucteM 111, 1m0 mepeMoriu JIOACHKUX YEMITIOHIB Y iHTENEKTya IbHUX Irpax,
TaKMX 5K [axu abo 1o, Bee 1e moTpedyBaio 3akiIaeHHs 3HAYHOTO 00CsTY
JIOJICHKUX 3HaHb Y CBOKO apXITEKTYpPY Mepe]l OYaTKOM MPOIIeCy HaBUAHHS.

HapuaabHni nani — e iHpopmartis, 110 BUKOPUCTOBYETHCS /17151 HABYAHHS
mozeneit LI poduTtu nporHo3u Ta kiacu(ikyBaTy AaHl HUISIXOM BHUSBJICHHS
3aKOHOMIPHOCTEH y mapax «BXiJI-BUX1I». SIKiCTb, KUTBKICTh Ta PI3HOMaHITHICTh
HaBYAIBHUX JIAHUX BIUIMBAIOTH HAa IPOAYKTUBHICTH 1 TOuHiCcTh cuctemu LI, mpu
1IbOMY OyJIb-sIKi HCHABMHUCHI yIepe>KeHHs a00 HEB1IMOBIIHOCTI PU3BOAATH 10
HEMOBHMX a00 XaOTHYHUX pe3ynbTariB. TecToBi AaHi — 11€ naHi, 10 He
BUKOPHCTOBYBAJIMCS I11J1 YaC HaBYaHHS 1 3ape3epBOBaHI ISl OLIHIOBAHHS
e(eKTUBHOCTI MOJIe MiCis 3aBepieHHsl HaB4aHHsL. [1icis Toro sik cuctemy
HABYEHO 1 MPOTECTOBAHO, MOKE 3HAIOOMTHCS JJOJJATKOBE HABUAHHS 1 TECTYBaHHA,
SKIIO BX1/IHI JaH1 MOYHYTh CYTTEBO BIAPI3ZHATUCSA BiJl IOYATKOBUX HaBYAIBHUX
JaHMX.



Neural Networks (NN) are inspired by the human brain. NNs are
composed of interconnected units called neurons arranged in multiple
layers. At a minimum, an NN will have three layers (an input layer, at least
one hidden layer, and an output layer). In the past, NNs were not often used
due to the computational burden of training and operating them. However,
with advances in computational power and access to more data, NN have
become more complex and layered.

Deep Learning (DL) is merely a multi-layered neural network that employs
more than one hidden NN layer to learn from complex datasets and create
more accurate associations between inputs and outputs. DL models are
powerful tools in Al applications because they learn complex features or
patterns that are not recognizable by people.

Natural Language Processing (NLP) uses DL as a core technique to allow
computers to comprehend, interpret, and generate human language using
multi-layered NNs, which analyze and understand the structure and
meaning of text. NLP is used for a wide range of tasks, such as machine
translation and speech recognition, and is the core technology behind virtual
assistants like Siri, Alexa, and translation devices.

Generative Al analyzes vast amounts of data to find patterns and
connections between words, audio, images, and video to generate content.
Al systems that can process multiple modalities (or types) of inputs (e.g.
images, text, video, etc.) at once are called Multimodal Al. Unlike large
language models (LLMSs) that focus on language-based data, Generative Al
trains algorithms on vast datasets to learn inherent patterns and structures.
Post-training, these algorithms replicate data styles, characteristics, and
distribution of the data to produce new content.
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Heiiponni mepe:xi (HM) natxHeHHi 0y0BOIO JIIOACHKOr0 MO3Ky. HM
CKJIAJIAl0ThCA 31 3’ €THAHUX MK CO00r0 OJIOKIB, 1110 HA3UBAIOTHCSI HEUPOHAMH,
pO3TanIoBaHuX y Aekinpka mapis. HM Mae monaiimenme Tpu mapu (BXiaHUH
map, MpuHaiMHI OJMH MPUXOBAHUH IIap 1 BUXiIHUN map). Y munyiomy HM
BUKOPHUCTOBYBAJIKCS HEYACTO Yepe3 3HAYHE O0UUCITIOBAIbHE HABAHTAKEHHS,
HEOOXiJIHEe /ISl IX HaBUaHHS Ta ekcruryaTailii. OIHaK 13 pO3BUTKOM
00YHCITIOBAIBHUX MOTYKHOCTEH Ta JOCTYNOM /10 OIbIIol KiibKOCTI Janux HM
cTajy OUTBII CKJIAJHUMU Ta 6araTomapoBUMHU.

I'nu6oke napuanus (I'H) — 1e, mo cyri, 6araTomapoBa HEHPOHHA MEpeka, SKa
BUKOPHUCTOBYE O1JIbIlIe OJIHOTO MpUxoBaHoro mapy HM amns HaByaHHS Ha
CKJIQJIHMX HaOOpax JaHWX 1 CTBOPECHHS TOYHINIMX acOIialliid MiX BXiTHUMH Ta
BuxigHuMu qanumu. Moneni I'H € moTyKHUMH IHCTpyMEHTaMU B 3aCTOCYHKaxX
1, ockiTbKM BOHU BUBYAIOTH CKJIAIHI O3HAKU 200 3aKOHOMIPHOCTI, K1 HE
PO3MI3HAIOTHCS JTIOAUHOIO.

O6podka npupoanoi mou (NLP) BukopucroBye I'H sik KITFOYOBY TEXHOJIOTIIO,
110 J03BOJISIE€ KOMIT I0T€paM pO3yMiTH, IHTEPIPETYBATH Ta T€HEPYBATH JIIOJICHKY
MOBY 3a JioriomMoroto 6araromapoBux HM, siki aHani3yoTh 1 po3yMitOTh
CTPYKTYypy Ta 3HaueHHs TekcTy. NLP BuKkopucToBy€eThCS AJIs IIMPOKOTO Kojia
3aBJlaHb, TAKUX K MAIIMHHUNA Nepekya i po3Mi3HaBaHHS MOBJICHHS, 1 €
OCHOBHOIO TEXHOJIOTIEIO BipTyaJIbHUX MOMIYHHUKIB, TakuX sk Siri, Alexa, ta
IPUCTPOIB MEpeKIIamy.

I'eneparuBumii LI ananizye BenudesHi 0OCATY JaHUX IS BUSBICHHS
3aKOHOMIPHOCTEH 1 3B’SI3KIB MIXK CJI0BaMH, ay/110, 300payKEHHSIMU Ta BiJI€O 3
METOI0 CTBOpeHHs KOHTeHTY. Cuctemu 1111, 31aTHi 00po0asiTH AEKiIbKA
MojiajgbHOCTeH (a00 TUITIB) BX1IHUX JaHUX (HANPUKIAJ, 300pakeHHs, TEKCT,
BiJICO TOINI0) OAHOYACHO, Ha3uBatoThcsa MyasTumoaaasuum LI, Ha Biaminy Bifg
BeIMKUX MOBHUX Mozenel (LLM), sxi 3ocepemkeHi Ha TEKCTOBUX JIaHUX,
renepatuBHuil 111l HaBuae anropuT™MH Ha BENMKUX MAacUBaxX JaHUX I BUBUEHHS
MPUTAMAaHHUX M 3aKOHOMipHOCTEH 1 cTpyKTYp. [licas HaB4aHHS 11 aITOPUTMHU



Large Language Model (LLM) is a type of Al model that uses
probabilistic models to analyze patterns and connections between words and
phrases to understand and generate human language. LLMs are trained on
large amounts of text data, such as books, articles, and web pages, and use
this data to learn the statistical relationships between words and phrases.
LLMs are used in a wide range of applications, including virtual assistants,
chatbots, language translation, and text summarization. One of the most
popular LLMs is Chat Generative Pretrained Transformer (ChatGPT),
which is a model developed by OpenAl. ChatGPT can generate answers to
user prompts and summarize topics by using its understanding of language
patterns and connections to generate coherent and relevant responses.

Computer Vision (CV) is a field of Al that extracts meaningful
information from digital images, videos, and other visual inputs. It involves
using techniques such as image processing, pattern recognition, and DL to
analyze and interpret visual data. CV algorithms process images at the pixel
level, which means they analyze the individual pixels in an image to extract
features and patterns. CV's applications are wide-ranging, including areas
such as surveillance, target recognition, autonomous navigation, and
medical imaging.

AUTOMATION VS AUTONOMY

"Automation" and "autonomy"" are critical terms regarding the military’s
employment of Al. Automation is a system’s ability to undertake a narrow
and constrained task with low levels of complexity, where that task is
highly repetitive and independent of choice. Autonomy is a system’s ability
to utilize rules-based processing to undertake a variety of tasks, of varying
levels of complexity, and to complete those tasks while achieving multiple
goals. Both systems are constrained by the goals (and authorities) delegated
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BIITBOPIOIOTH CTHJII, XapaKTEPUCTUKHU Ta PO3IOALT JAHUX JUIsl CTBOPEHHSI HOBOTO
KOHTEHTY.

Besuka moBHa moaenb (LLM) — e Tun mozeni 111, sika BUKOpUCTOBYE
IMOBIpHICHI MOJIENI JIJIs aHAJIi3y 3aKOHOMIPHOCTEH 1 3B’SI3KIB MIXK CIIOBaMH Ta
¢dbpazamu 3 METOIO0 PO3YMIHHS Ta TeHepailii o cbkol MoBu. LLM HaBuaroThcs Ha
BEJIMKUX 00CATaX TEKCTOBHUX JaHUX, TAKMX K KHUTH, CTaTTi Ta BEOCTOPIHKH, 1
BUKOPHUCTOBYIOTH I1i IaHi JJIsI BUBUCHHS CTATUCTUYHHX 3B’ S3KIB MIXK CJIOBAMH Ta
¢dpazamu. LLM 3acTOCOBYIOTHCS Y HIMPOKOMY CHEKTP1 3aBJaHb, 30KpeMa y
BIpTyaJIbHUX MOMIYHHKAX, 4aT-00TaX, MOBHOMY TIepeKiIai Ta pedepyBaHHi
tekctiB. Omnieto 3 HarnonysstpHimux LLM e Chat Generative Pretrained
Transformer (ChatGPT) — mozens, po3pobieHa kommnaniero OpenAl. ChatGPT
MOJKE TeHEpPYBATH BIMOBI/II HA 3aIIUTH KOPUCTYBAUIB Ta y3arajJbHIOBATH TCMH,
BUKOPUCTOBYIOYH CBOE PO3YMiHHSI MOBHUX 3aKOHOMIPHOCTEH 1 3B’SI3KIB IS
CTBOPCHHS 3B’ SI3HUX 1 PEJICBAHTHUX BiAMOBIICH.

Komn’rworepunii 3ip (CV) — e rany3p 11, sika BUTsrye 3Hauyiiny iHhopmaitiio 3
nu(poBUX 300pakeHb, BiI€O Ta IHIINX Bi3yallbHUX BXITHUX daHUX. BoHa
nepeadavyae BUKOPUCTAHHS TaKUX METO/IIB, sIK 00poOKa 300pakeHb,
po3nizHaBaHHA 00pa3iB Ta ['H, nns ananizy Ta iHTepnperalii Bi3yaJbHUX JaHUX.
Anroputmu CV 00po6isitoTh 300paXKeHHsl Ha piBHI MIKCeNiB, TOOTO aHaNi3YIOTh
OKpeMI TKce 300paxeHHs JUisl BUAUICHHS O03HaK 1 3akoHoMipHOcTel. Cdepa
3actocyBaHHs CV € HIMPOKOIO 1 BKIIIOYAE TaKi HAIPSMHU, K CIIOCTEPEKECHHS,
pO3Ii3HABaHHS 1IlJIeH, aBTOHOMHA HaBIraIlis Ta MEIUYHA Bi3yasizaiisl.

ABTOMATHU3AIISA TA ABTOHOMHICTb

«ABTOMaTH3aIlIs» Ta «ABTOHOMHICTBY € KPUTHYHO BAXKIIUBUMH TEPMiHAMH B
KOHTeKCTI 3actocyBaHHs L1 BilicbkoBUMH. ABTOMATH3allisl — 1€ 3/1aTHICTh
CHCTEMH BUKOHYBAaTH By3bKe Ta 0OMEXEHe 3aB/JaHHs 3 HU3bKUM piBHEM
CKJIaJTHOCTI, sIKE € 6araropa3zoBO MOBTOPIOBAHUM 1 HE Tiepe10adae MOKITMBOCTI
BUOOPY. ABTOHOMHICTh — 1€ 3[JaTHICTh CUCTEMHU BUKOPHCTOBYBATH 0OpOOKY
JTAHUX Ha OCHOBI IIPABUJI /I BUKOHAHHS PI3HOMAaHITHUX 3aBJaHb PI3HOTO PIBHS
CKJIaTHOCTI Ta 3aBEPIIYBATH I1i 3aBJIaHHS, JOCATAI0OYHN KUIBKOX LIed. J[isnbHICTh
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to them. Stated another way, automation tasks are more comparable to the 000X cucTeM 0OMeKeHa IUISIMU (Ta TOBHOBAXCHHIMH ), IO OYJIM M JIe/IeroBaHi.

auto factory line while autonomous tasks are more like self-driving IHakie KaKy4u, 3aBJIaHHs aBTOMATH3allii OlIbIIe CX0Ki Ha poOOTy KOHBEEpa

vehicles, which must dynamically react to unknown variables. aBTOMOOLJIBHOTO 3aBOJTY, TOJIi SIK aBTOHOMHI 3aBJIaHHSI HAra(ylOTh PyX
CaMOKEpPOBaHUX aBTOMOOLIIB, SIKi TOBUHHI JUHAMIYHO pearyBaTH Ha HEB1JOMI1
3MiHHI.

The USAF uses a mix of automated and semi-autonomous systems that [1C CIIIA BUKOPUCTOBYIOTb MTOEHAHHS aBTOMATU30BaHUX Ta HAIIIBABTOHOMHHUX

augment an Airman’s performance. With a holistic Al understanding, the CHCTEM, L0 NOCUIIOITh €(heKTUBHICTh pOOOTH aBiaTopa. Marouu 1inicHe

USAF can apply the same developmental mindset to Al systems as it does ~ po3yminns LI, ITositpsai cum CLIA mMoxyTh 3acTocoByBatu A0 cuctem L1
to aviation, every achievement is an innovation stepping-stone. Just as pilots Taxwuii camuii miaxija 010 PO3BUTKY, SIK i 0 aBiallii: KOXKHE JOCATHEHHS €
gain confidence and competence with each sortie, each automated or CXOJMHKOIO 1HHOBAIIi#. Tak caMo sK MiJIOTH Ha0yBalOTh BIICBHEHOCTI Ta
autonomous system’s process repetition builds a system’s competence. This KOMIETEHTHOCTI 3 KOXKHUM BHJIbOTOM, IOBTOPEHHS IIPOLIECIB KOKHOT
competence increases an Airmen’s confidence in their ability to leveragea ~ aBTomMaTH30BaHOI 00 aBTOHOMHOI cUCTEMH (POPMy€ KOMIIETCHTHICTb IIi€l
system for decision-making. cucteMu. Ll KOMIETeHTHICTh Mi/IBUIIY€ BIEBHEHICTh aBiaTOPIB y ixHii
CIIPOMOYKHOCTiI BUKOPHCTOBYBATH CUCTEMY JIJISl IPUUAHSTTS PillICHb.

CHAPTER 3: Al APPLICATION PO3JI1JI 3: BACTOCYBAHHS II
HUMAN-MACHINE TEAMING B3AEMOIIA «JTIOIUHA-MAIHINHA»
The USAF approach to Al employment will be Human-Machine MMinxoxom IIC CHIA no 3acrocyBannsi LI 6yae B3aemonisi «1r0auHa-

Teaming (HMT). Al systems will augment the performance of Airmen  mammua» (HMT). Cucremu HII mixBumyBaTuMyTh eeKTHBHICTH pO6OTH
and the execution of USAF operations. Ideally, HMT will function as an aBiaTopiB Ta Bukonanus onepauiii [IC CILA. B ixeani, HMT cayryBatume
amplifier for Airmen capabilities. Military discretion lies with Airmen, MiICIITIOBaYeM CIPOMOSKHOCTel aBiaTopiB. BilickkoBHii po3cya 3aIuIIaeTbes
but Al can enable faster and superior operational decisions. Though Al 3a aBiatopamu, ane [1I1 Moxke cripusTé NPUAHSATTIO MBUANIMX i SKICHIIIHX
quickly processes large datasets, it lacks context sensitivity and reasoning. orepatuBHUX pimeHb. Xoua I mBuaKo 00po0Iisie BeTUKiI MAaCUBH JaHUX, HOMY
In HMT, human strengths (e.g. intuition and reasoning) and machines (e.g.  Opakye 4yTJIMBOCTI 10 KOHTEKCTY Ta 3/IaTHOCTI JI0 MipKyBaHHs. ¥ pamkax HMT

fast data processing) combine to maximize capability. For Al-enabled CWJIbHI CTOPOHHU JIFOJIMHU (HAMIPHUKIIA/, 1HTYIllisS Ta 3JaTHICTh O MIpKyBaHHS) 1
processes, the exercise of appropriate human judgment is an important MaIliHU (HAIpUK/IaI, MIBUIKA 00pOOKa TaHUX ) MOETHYIOTHCS IS MaKCUMI3allii
consideration, especially in strategically high-risk operations. The human- CIpOMOKHOCTEH. J1Jis porieciB, 1mo BUKopuctoByroTh 111, 3acTocyBanHs
machine relationship is dynamic and situation-dependent in complex Al HAJISKHOI OI[IHKH 3 OOKY JIFOJTUHU € BaXKJIMBUM (PaKTOPOM, OCOOJIMBO B

systems. Airpower leaders must acknowledge this conditions-based CTpaTeriuHO PU3MKOBAHMX omeparlisx. Y ckinaauux cucrtemax LI BigHOCHHM

construct to make critical decisions on the input Airmen will provide the Al «TroarHa-MamMHa» € AMHAMIYHAME Ta 3aj1eXarh Bij cutyartii. Jlizepu asiartii
system. Leaders’ risk tolerance decisions should inform the appropriate MOBHMHHI YCBIJJOMJIIOBAaTH 110 00YMOBJIEHY 00OCTaBUHAaMU MPHUPOJY B3a€MO/Iii, 1100



level of human judgment required. In situations where an occasional false
prediction or misclassification is tolerable, the appropriate level of human

judgment may be lower, and the machine may be granted more autonomy.

Conversely, in situations where machine miscalculations would create
significantly detrimental effects, the appropriate level of human judgment
may be higher, resulting in closer supervision.

Common Human-Machine Teaming Constructs*

Human-in-the-Loop-The machine makes recommendations and, the
person makes the decision (e.g. proximity alerts in your car).

Human-on-the-Loop-The machine makes recommendations, and the
machine recommendation will be implemented unless the person
vetoes the machine action (e.g. lane keeping).

Human-off/out-of-the-Loop-The machine makes the decision, and
the person cannot override the machine’s action (e.g. engine
compression ratio, antilock braking action).

* These common constructs have been used colloquially within
industry and academia to discuss the human-machine relationship
within Al. This inset is included for information only and does not
constitute USAF endorsement or policy for executing appropriate
human judgment.
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npuiMaTH KPUTHYHO BAXKJIMBI PIIIEHHS 11010 BXIIHUX JTAHUX, SKi aBiaTOpH
HagaBatuMyTh cucteMi L. PimenHs nigepiB 1mo/10 NpUHHATHOTO PIBHS PU3UKY
MOBMHHI BU3HAYATH HEOOX1THUI PiBEHB JIFOACHKOI OLIHKU. Y CUTYaIlisX, /e
MMOOIMHOKI ITOMHUJIKOB1 MPOTHO3M a00 HenmpaBuiIbHA Kiacudikallis €
JIOITyCTUMHUMH, HEOOX1THUI PiBEHB JIFOJICHKOT OI[IHKH MOXKE OYTH HIKYUM, a
MaluHi Moke OyTH HaJaHO OlbIIIe aBTOHOMHOCTI. | HaBIaku, y CUTYyalisax, J1e
MPOPaxXyHKH MAIIMHU MOXKYTh MPU3BECTH J0 3HAYHHUX 3TyOHUX HACIIJIKIB,
HEOOXITHUH PIBEHB JIFOJICHKOT OLIHKK Ma€e OyTH BUIIUM, III0 BUMAaraTuMe
MWIBHIIIOTO HATJISITY.

[Mommupeni moaei B3aemMoii «JII0OAHHA-MAIIMHA» ¥

Jlroauna B kouTYpi ynpasJjinus (Human-in-the-Loop) — marmimHa Hazmae
PEKOMEH/Iallii, a JIFOJJMHA IPUMAE PillieHHs! (HAPUKIIAI, MONEPE/KCHHS
po 30JMKEHHS y BallloMy aBTOMOO1II).

Jlronuna Ha koHTYpi ynpasainust (Human-on-the-Loop) — marmna
HaJa€ peKOMEH Iallii, 1 111 peKoMeH a1l Oy Iy Th peanai3zoBaHi, SKIIO JI0IMHA
HE HaKJIaJle BETO Ha JiI0 MAallMHU (HANPHUKJIaA, CUCTeMa yTPUMaHHS CMYTH
pyxy).

JIvonuHa nmo3a koHTypom ynpasiainas (Human-out-of-the-Loop) —
MalIuHa puitMae pilieHHs, 1 JTI0JIMHA HEe MOYKE CKacyBaTH /10 MallTUHU
(HampuKJaj, CTYHiHb CTUCHEHHS JIBUTYHA, poOOTa aHTUOIOKYBaIbHOT
CUCTEMH TaJIbM).

* [{i nowupeni mooeni wupoko sUKOpUCmo8yomscs 6 iHoycmpii ma
HAYKOBUX KOIaX 0715 002080peHH s BIOHOCUH MIJIC TOOUHOI0 MA MAWUHOK )
cehepi L1 1]a 6cmaska nasedena BUKIIOYHO OISl iHpopmayii i He €
cxsanenuam 3 6oy I1C CLLA abo nonimukorw wo0o 30iliCHeHHs HAeHCHO20
JIHOOCLKO2O CYOHNCEHHS.



Tactics that optimize the balance between decision speed and risk tolerance
will evolve to integrate HMT into Air Force Al systems. As the relationship
between Airmen and Al strengthens, HMT optimization will improve
through communication, coordination, cooperation, social intelligence,
language exchange, and shared situational awareness. In addition, trust
evaluation methods between humans and machines must consider factors
like distrust, trust evolution, and team goal changes. Transparency and
explainability in Al systems are crucial for understanding system behavior
and building confidence in the HMT. Training HMT as a unit helps build
accurate mental models, while key design decisions impact human
workload, situational awareness, and overall success. Ultimately, Al system
responsivity, predictability, and “directability” enhance trust.

Al APPLICATION: AIR FORCE CORE FUNCTIONS

Future warfighting requires Airmen to understand the relationship between
Al development and Air Force Functions. In coordination with the Science
and Technology community, Airmen must identify operational gaps that are
well-suited for Al and autonomous systems applications. HMT must
capitalize on the best of human intuition and reasoning, combined with AI’s
extremely fast data processing capability, to strengthen kinetic and non-
Kinetic effects across all missions.

AIR SUPERIORITY

The USAF is called to conduct offensive and defensive operations to
achieve air superiority as part of joint operations. Al will advance our
efforts in contested environments by facilitating improved and timely
execution of various air missions designed to achieve air superiority and
information advantage. Al-enabled early warning and detection systems, as
part of our integrated air and missile defense systems, will provide data to
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TaxTHKa, 0 ONTHMIi3y€ OaaHC MK IBUIKICTIO IPUHHSTTS PillIeHb Ta
MPUAHSATHUM PIBHEM PU3HKY, PO3BHBATUMEThCS 3 MeTOrO 1HTerpanii HMT y
cuctremu LI IMoBiTpstHux cui. Y Mipy 3MilIHEHHS B3a€MOJIii MK aBiaTOpaMHu Ta
LI, onrrumizamiss HMT nokpaiyBaTuMeThCsl 3aBIIKM KOMYHIKaIlii, KOOpAuHAIIii,
CHiBIpalli, COIiaIbHOMY IHTEJIEKTY, MOBHOMY OOMIHY Ta CHUIbHIN CUTyauiiHii
06i3HaHocTi. KpiM TOro, MeTOI1 OIiHIOBaHHS JOBIPH MiX JIFOJIbBMH Ta MAalllMHAMM
MOBHHHI BPaxOBYBaTH Taki ()aKTOPH, K HEIOBipa, €BOMIOLIS JOBIPH Ta 3MiHU
nined komanau. [Ipo3opicts Ta mosicHroBaHicTh cuctem I € kpuTHaHO
BOXJIUBUMH JUIS PO3YMIHHS MOBEIIHKM CUCTEMH Ta (POpPMyBaHHS BIIEBHEHOCTI Y
HMT. IlinroroBka HMT sik eauHoro 11is1oro gonomarae popmyBaTu TOYH1
MEHTaJIbHI MOJIEINI, TOJI SIK KJIFOUOBI PillIEHHs ITPH MPOEKTYBAaHHI BIUIMBAIOThH HA
poOoue HaBaHTaKEHHS JIIOAUHU, CUTYallliHy 0013HAHICTh Ta 3arajlbHUA yCHiX.
3pemroro, 3patHicTs cuctemu LI o pearyBanus, nependadyBaHiCTh Ta
«KEpOBaHICTh» MOCUIIIOIOThH JIOBIPY.

3ACTOCYBAHHJ LlII: OCHOBHI ® YHKIII MOBITPSAHUX CUJI
Benenns 60ioBux aiil y MaiilOyTHbOMY BUMAarae BiJl aBiaTOpiB pPO3yMiHHs
B3a€MO3B 3Ky MK po3BUTKOM LI Ta pynkuismu [loBiTpsHux cun. ¥V
KOOp/IMHAIII] 3 HAyKOBO-TEXHIYHOIO CHUIBHOTOO, aB1aTOPH MMOBUHHI BUSBISATH
onepaTUBHI IPOTaJIuHU, JUIsl yCYHEHHS SIKMX A00pe miaxoauTh 3actocyBanns L1
Ta aBTOHOMHUX cucteM. HMT Mae criupartucst Ha Halkpallli pucH JII0JIChKO1
snatHicTio I 10 06po0Oku nanux, Mo0 NOCUINTH KIHETUYHI Ta HEKIHETUYHI
e(eKTH y BCbOMY CIIEKTp1 3aB/IaHb.

ITOBITPAHA IIEPEBAT A

[1C CHIA nokivkaHi MPOBOAUTH HACTYTMaJIbHI Ta 0OOPOHHI oneparii s
JOCATHEHHS TlepeBaru B MOBITPi B paMKax 00’ ennanux onepariit. LI mocunuts
HaI Jii B yMOBax >KOPCTKOi IPOTUALI, CIIPUSIIOYH ITOKPAILIEHOMY Ta CBOEYACHOMY
BUKOHAHHIO PI3HOMAHITHUX MOBITPSHUX 3aBJaHb, CIIPIMOBAHUX Ha TOCATHEHHS
repeBaru B IOBITp1 Ta iHPOpMaIliiiHOT TepeBary.



airpower C2 systems to alert Defensive Counterair (DCA) assets to threats.
For Offensive Counterair (OCA) to gain or retain air superiority it is
imperative that Al-powered ISR systems, targeting mechanisms, and
aircraft support all aspects of air operations ranging from Combat Air Patrol
(CAP) missions over adversary terrain to Suppression of Enemy Air
Defenses (SEAD), and to Air Interdiction operations designed to destroy
adversary aircraft on the ground.

As an example, aircraft such as autonomous swarms and semi-autonomous
Collaborative Combat Aircraft (CCA) may be used in multiple air
superiority-associated missions. In a demonstration of the growing
confidence and trust between humans and Al-enabled aircraft, the Secretary
of the Air Force was the passenger in a modified F-16 with an Al-controlled
dogfighting module in May 2024. The CCA program, and related
experiments as part of the Autonomous Collaborative Platform (ACP)
program, demonstrate the ability of semi-autonomous aircraft to support
manned fighter aircraft. CCA’s potential capability to act as weapons
platforms or ISR platforms also serves as a sign of the possibilities of HMT
and human-directed engagement. The success of these initial developmental
efforts represents a solid foundation for further advancement.

GLOBAL PRECISION ATTACK

In Global Precision Attack, the USAF strives to achieve technological
advances to attack anywhere, anytime, more quickly, and with greater
precision than ever before. Al improvements to aircraft and munition
targeting are making great strides in this arena. As an example, Al CV,
combined with improved target recognition and tracking algorithms, will
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CucrtemMu paHHBOTO TIOTIEPEPKEHHS Ta BUsBICHHS Ha ocHOBI 111, sk ckitagoBa
HAIIMX IHTETPOBAaHMUX CHCTEM MPOTUIOBITPSHOI Ta IPOTUPAKETHOT 000POHH,
Ha/IaBaTUMYTh JIaH1 cUCTeMaM KOMaHyBaHHs Ta ynpasiinas (C2) aBiaui€ero ams
OTIOBIIIIEHHS 3ac001B 000pOHHOT MpoTUNOBITPsIHOT 00poTHOM (DCA) mpo 3arposu.
Jljis ycniniHoro npoBeieHHs HAaCTyNalbHOI NpoTUroBiTpsiHoi 60poTsou (OCA) 3
METOIO 3aBOIOBAHHS a00 YTPUMAaHHS IEePEeBaru B MOBITPi KPUTUYHO BAXKIIMBO, 100
CHCTEMH PO3BIIKH, CIIOCTEPEKEHHs Ta pekorHociupoBku (ISR) na 6asi 111,
MEXaHI3MH I[IJICBU3HAUCHHS Ta JITAIbHI anapaTy MiATPUMYyBaIH BCl aCIIEKTH
HOBITPSIHUX OMEpalliii: BiJl 3aBJaHb NaTpy IroBaHHs MoBiTpsiHoro mpocropy (CAP)
HaJl TEPUTOPIEI0 CYNPOTUBHHKA JI0 MIPUIYIICHHS IPOTUIIOBITPSHOT 000pOHU
npotuBHuKa (SEAD) Ta onepariii 3 HOBITPSIHOT 1301111, MPU3HAYCHUX IS
3HUILEHHS aBiallii CyIpOTUBHUKA Ha 3eMJIi.

SIk mpuKITan, Taki JiTaabHI anapaTH, SK aBTOHOMHI poi Ta HalliBaBTOHOMHI 00HOBI
nitaneHi anapaty crniabHOI 1ii (CCA), MOKYTh BUKOPUCTOBYBATHCS B UNCIIEHHUX
MiCisiX, TTOB’sI3aHUX 13 3aBOIOBAHHSM IepeBaru B MoBiTpi. JleMoHcTpallieto
3pOCTar0voi BIEBHEHOCTI Ta JJOBIPH MiXK JIFOJbMH Ta JIiTaKaMu 3 migTpumkoro LT
ctaB noJiiT Minictpa [ToBiTpstHuX cun y TpaBHi 2024 poKy K Macaxkxupa Ha
Mou(pikoBaHOMY BHHHILYyBaul F-16 13 MogyseM OJIM>KHBOTO OBITPSHOTO 0010
nia ynpasmiaasaM LI ITporpama CCA Ta noB’s3aHi 3 HEI0 €KCIIEPUMEHTH B
paMKkax mporpaMu ABTOHOMHUX Tutatdopm crinbHOI aii (ACP) neMoHCTpyroTh
3JIaTHICTh HaNliBABTOHOMHMX JIITAJIbHUX arapariB MiATPUMYBaTH MiJIOTOBaHI
BuHUIyBadi. [ToTenniitna cipomoxHicts CCA nisitit K HOCii 030po€eHHS a00
iatdopmu ISR Takox € o3HaKor0 MoxiauBoctet HMT Ta GoiioBoro
3aCTOCYBAHHS I1J] KEPIBHUITBOM JIOJMHU. Y CIIX LHX MOYaTKOBUX PO3POOOK
CTBOPIOE MILIHY OCHOBY JJISl OAAJIBILIOTO MTPOTpecy.

I'JTIOBAJIBHUM BUCOKOTOYHUM Y]IAP

VY cdepi riodansHOro BUCOKoTouHOTrO yaapy, [IC CIIA nmparnyTs 1ocsrtu
TEXHOJIOTIYHOTO Mporpecy, o0 3aBaaBatu yaapiB Oyab-ae, Oyab-KOIH, IBUIIIE
Ta 3 OUTBIIIO0 TOYHICTIO, HIK OyAb-KOJIM paHimie. Y T0CKOHAJIEHHS JTITATBbHUX
arapariB Ta CUCTeM HaBeZeHHs Ooenpunaci Ha ocHoBI LI nemoHCTpyIOTH
3HaYyHUI nporpec y it chepi.



further minimize civilian risk caused by high precision, low collateral
damage munitions. Additionally, continued use of Al-enabled modeling will
improve U.S. stealth capabilities and continue to offer options for striking
targets in denied areas. In the realm of targeting and “sensor-2-shooter”
integration, Al empowers an automated C2 capability to accelerate the
decision cycle, rationalize risk, and enable effects faster. Advancements in
CCA and preventative maintenance are just two examples of Al-enabled
airpower tools to achieve and improve Global Precision Attack.

RAPID GLOBAL MOBILITY

The Agile Combat Employment scheme of maneuver requires adaptive
basing and rapid, responsive logistics in contested environments. Al will
prioritize operating location selection by analyzing the criteria of potential
locations for survivability, efficiency, resiliency, and sustainment
capacities. Al systems use predicative analysis to detect failure and usage
trends at scale to improve predictive maintenance processes while
optimizing the inventory and transportation procedures to strengthen
adaptive logistics planning and execution. To these ends, there have been
many breakthroughs in how we execute logistics for dispersed operations.
One example is AFWERX collaboration with an industry partner to develop
a semi-autonomous airlift capability. During the Bamboo Eagle/Agile Flag
exercises in August 2024, an Air Expeditionary Wing’s A4 successfully
leveraged the semi-autonomous airlift asset to deliver over 20 urgently
needed Mission Capable Parts orders to multiple geographically separated
locations. These just-in-time airlift operations, controlled at the tactical
level, relieved pressure on traditional airlift assets. Further, it provided
flexibility for the A4 and maintenance personnel while accelerating an
aircraft’s return time to a mission capable status. These experiments show

18

Sx npuknan, komn totepauii 3ip (CV) Ha ocnosi 111 y noeananHi 3
MOKPAIIEHUMH aJITOPUTMAMU PO3IMi3HABAHHS Ta CYIPOBOKEHHS L1JIeH 103BOJIUTH
JOJJATKOBO MiHIMIi3yBaTH PU3UKH JJIsl IMBIIBHOTO HACEJIEHHS MPHU 3aCTOCYBaHHI1
BHUCOKOTOYHHUX OO€NPUITIACIB 3 HU3bKUM PIBHEM CYIMYTHbHOT IIKOIH.

Kpim Toro, nmojanplie BUKOPUCTAaHHS MOJICIIIOBaHHS 3a oromororo I
MTOKPAITUTh aMEPUKAHCHKI CIIPOMOKHOCT1 MAJIOIIOMITHOCTI («CTEJIC») 1 Hagaui
3a0e3rneyyBaTuMe BapiaHTH YpaKEHHS IIel y pailoHax 3 00MEKECHHUM JOCTYTIOM.
VY cdepi mineBU3HAYCHHS Ta IHTETPAIlli UKITY «BiJ] BUSBIICHHS 10 ypaxeHHsD» 1111
3a0e3rneuye aBTOMaTH30BaHy CIIPOMOXKHICT C2 JiIsi MPUCKOPEHHS IIUKITY
MPUAHATTS PillICHb, pallioHaJIi3allii PU3UKIB Ta IBUIMIOTO JOCSITHEHHS €EKTIB.
Hocsraenns y chepi CCA Ta mpodimak THIHOTO 00CIIyTOBYBaHHS — II€ JIUIIIE JBA
MPUKJIAIU THCTPYMEHTIB MOBITPsiHOT cuiu Ha ocHOBI LI, mo cnyryroTs ans
peainizaliii Ta BAOCKOHAJIEHHS TJI00aJIbHOTO BUCOKOTOYHOTO yIapy.

HIBUJKA I''IOBAJIBHA MOBLJIBHICTb

Cxema MaHeBpy B pamkax ['Hyukoro 6oioBoro 3actocyBanns (ACE) Bumarae
allanTHBHOTO 0a3yBaHHS Ta MIBUAKOI, Yy TIUBOI JOTICTUKH B YMOBAX JKOPCTKOL
npotuii. I Bu3HauaTMe NpiopUTETHICTH BUOOPY MICI[b ONEPATUBHOTO
PO3ropTaHHs, aHAJI3YI0UM KpUTEPii MOTEHIIIHHUX JIOKAIIIH 1100 )KUBYYOCTI,
e(EeKTUBHOCTI, CTIMKOCTI Ta CIPOMOXKHOCTEH BCEOIYHOTO 3a0€3MeYeHHSI.
Cucremu 1] BUKOPUCTOBYIOTh TPOTHO3HUM aHAI3 ISl BUSBJICHHS TEHICHIIIM
BIJ]MOB Ta BUKOPHUCTaHHs 00J1a/THAaHHS B BEJIMKUX MacIITabax, 100 MOKPALUTH
MIPOLIECH MPOTHO3YBaHHS TEXHIYHOIO 00CIYTrOBYBAaHHS, OJTHOYACHO ONTHUMI3YIOUH
IpoIelypy YIPaBJIiHHS 3allacaMy Ta TPAHCIOPTYBAHHAM JUIsSl TOCUJICHHS
IUTaHYBaHHS Ta BAKOHAHHS aJallTUBHOI JIOTICTUKU. 3 IIEF0 METOIO OYJI0
JOCATHYTO 6arato NpopHBiB Y TOMY, SIK MU 3/11IHCHIOEMO JIOTICTHKY IS
po3ocepekeHux omnepartid. OHUM 13 MPUKIIA/IIB € CITIBIPALS MAPO3ILTY
AFWERX 13 mpoMHCIOBUM apTHEPOM ISl pO3pOOKH HaliBaBTOHOMHOT
CIPOMOYKHOCTI TIOBITPSIHKX MepeBe3eHb. [1in uac HaBuanb Bamboo Eagle/Agile
Flag y cepmai 2024 poky, ciryx0a norictuku (A4) aBialiitHOro eKcreIumiiHoro
KpuJjia yCHIIIHO BUKOPHCTAIa HalliIBABTOHOMHHUM 3ac10 MOBITPSHUX MEPEBE3EHb
JUI AOCTaBKH 1MoHa 20 TepMiHOBO HEOOXITHUX 3aMOBJICHb Ha 3all4yacTUHH,
KPUTHYHI JUIsl BAKOHAHHS Micli, 10 KIJIbKOX reorpadiyHo po3HeceHuX Jiokamii. L1



the promise Al and ML-enabled systems represent for future USAF
operations.

GLOBAL INTELLIGENCE, SURVEILLANCE, AND
RECONNAISSANCE

The operational capability for multi-intelligence, cross domain data fusion
shows promise with multi-modal Al (i.e. systems that can translate and
process data sets that are in different formats and of different types). These
Al systems can assist with real-time popup threat detection and
identification along with multi-domain situational awareness
synchronization. Al-enabled programs can be leveraged to eliminate
disconnects between Service-unique intelligence platforms and processing
programs. In addition, autonomous ISR platforms offer the potential for
persistent audio, visual, signals, or electromagnetic collections in previously
denied areas.

COMMAND AND CONTROL

Al will assist the processes of targeting, resource allocation, planning,
and scheduling in support of multi-domain C2 and battle management.
Al-enabled communications networks will provide resiliency and
survivability for C2 in contested, degraded, and operationally limited
environments. For example, if communication between two operation
centers is severed, Al-driven communications networks could re-direct
communication pathways to instantaneously restore a connection. In
addition, if a higher echelon’s C2 capability is degraded, an Al-
enabled communications system could revector data feeds to
subordinate C2 elements to maintain C2
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orepatii MOBITPSHUX MEPEBE3CHB 3a MPUHLIUIIOM «TOYHO B CTPOK», KEPOBaHi Ha
TaKTUYHOMY PiBHI, 3MCHIIIUJIN HaBaHTAKEHHS HA TPaJAMIIiiTHI 3aCO0N
aBianepeBe3eHb. KpiM Toro, 11e 3a0e31me4ymiio rHydKicTh st A4 Ta TEXHIYHOTO
NepCOHANy, MPUCKOPHBIIY Yac MOBEPHEHHSI JITaKiB 10 6oe3maTHOTO crany. Lli
EKCIIEPUMEHTH JEeMOHCTPYIOTh IEPCIIEKTUBHICTD, IKY CHCTeMH 3 miaTpuMkoro LT
ta MH (MammHHOTO HaBYaHHS) CTAaHOBJIITH i1 MaOyTHIX omnepartii [1C CIIA.

I'/IOBAJIBHA PO3BIJIKA, CHOCTEPEKEHHS TA
PEKOT'HOCHHUPOBKA

OmnepaTuBHA CIIPOMOKHICTB JI0 MKIIOMEHHOTO 00’ €THAHHS JJAaHUX KOMIUICKCHOT
PO3BIIKM J€MOHCTPY€E 3HAUHI MEPCIEKTUBU 3aB/SIKU MyJabTUMoAaJbHOMY LI
(ToOTO cucTemam, 31aTHUM MEPETBOPIOBATH Ta 00pOOISATH HAOOPH JaHUX PI3HUX
¢dopmaris 1 TuniB). i cuctemu I MoxxyTh omomMaraT y BUsSBICHHI Ta
imenTudikamnii panToBUX 3arpo3 y peaJbHOMY 4aci, a TAKOXK y CHHXPOHi3aIii
CUTYyaliiHOo1 0013HaHOCTI B 0aratbox qomeHax. [Iporpamu 3 miarpumkoro 1111
MOXYTb OyTH 3aisiHI JUIS yCYHEHHS PO3PHBIB Y CYMICHOCTI MiX
PO3BiIyBaJIbHUMH IIaT(HOpMaMH Ta CUCTEMaMU 0OpPOOKH TaHUX OKpeMHX BHAIB
36poiinux cui. Kpim Toro, aBroHoMHi matgopmu ISR npononyroTs noteHIian
Ui 6e3nmepepBHOro 360py ay/io-, Bi3yaJbHHUX, CHTHAJIbHUX 200
€JIEKTPOMArHiTHUX JaHUX y pailoHax, Kl paHille BBAXKAJIUCSI 30HAMH 3
00OMEXEHUM JIOCTYTIOM.

KOMAHJIYBAHHS TA YIIPABJITHHS (C2)

LI cripusitiMe Tiporiecam IiIEBU3HAUYEHHS, PO3MOILUTY peCypCiB, TUTAHYBaHHS Ta
CKJIaaHHs rpadikiB Ui NIATPUMKHN OaratogqoMeHHoro C2 ta ynpaBiiHHS
OoroBumu nisMu. Mepexi 3B’ s3Ky 3 miarpumkoro 111 3a6e3neyars cTiKicTh Ta
XKUBYYIiCcTh cucteMu C2 B yMOBax ’KOPCTKOT MPOTUIL, Jerpajallii Ta 0OMeKEeHUX
OTIEPaTUBHUX MOXJIUBOCTEH. Hanpukiaa, AKIo 3B’ 130K MK IBOMa
OINepaTUBHUMHU LIEHTpaMH OyJie po3ipBaHO, KOMYHIKaIliiHI Mepexi i
ynpasmiaHEM I MOXXyTh IepeHanpaBuTH MapIIPYTH TepeIadi JaHUX TS
MUTTEBOTO BiTHOBJICHHA 3’ €1HaHHs. Kpim Toro, sikio cnpomoxxHocti C2 BHUIIOro
ellesaony OyayTh 3HHWXKEH], cucTema 3B’ 513Ky Ha 0a3i L1I moxe nepenanpaButu
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MOTOKH JIAHUX JI0 MiANOPSIKOBAaHUX efeMeHTiB C2 1i1st 30epekeHHs
Oe31epepBHOCT1 YIIPaBIIiHHS.

Autonomous Collaborative Platforms
The Air Force is developing ACP, variants of semi-autonomous
aircraft, which work in concert with more expensive crewed,
platforms, to provide the ability to operate runway flexible aircraft
capable of expeditionary launch and recovery operations to
complement major weapons systems already in acquisition. The ACP
Ecosystem of Capabilities includes CCA and collaborative mobility,
surveillance, bomber, and training aircraft.

CCA use semi-autonomous software to enable seamless and effective
collaboration with and augmentation of the performance of manned
combat aircraft by providing enhanced situational awareness, greater
lethality, and improved survivability in highly contested
environments.

CCA development will leverage the existing crewed-uncrewed
teaming efforts from previous generations of ACP development such
as the XQ-58A and XQ-67A. These generations of ACP have proven
the ability to build relevant combat capability fast while treating low
cost as the primary objective. More modern CCA, such as the YFQ-
42A and the YFQ-44A will build on success of previous ACP
development.

Concepts of the uncrewed fighter aircraft YFQ-42A (bottom) and the
YFQ-44A are pictured in artwork. The aircraft are designed to
leverage autonomous capabilities and crewed-uncrewed teaming to
defeat enemy threats in contested environments. (U.S. Air Force
artwork courtesy of General Atomics Aeronautical Systems, Inc. and
Anduril Industries)

ABToHomHi ILtardopmu Criabnoi dii (ACP)
[MoBiTpsiai cunu po3podsiroTh ACP (ABTOHOMHI mIaThopMu CIUTBHOT J1ii)
— BapiaHTH HaNiBaBTOHOMHUX JIITAIBHUX arapaTiB, K1 TIFOTh y3TOHKEHO 3
OLITBII TOPOTOBAPTICHAMH MiIOTOBAaHUMHU 1iaTdhopmamu. Lle 3abesmeuye
MO>KJIMBICTh BUKOPUCTAHHS JIITaKiB, HEBUOATJIMBHUX JI0 3TITHO-TIOCAIKOBHUX
CMYT, 3[JaTHHX JI0 SKCIIEAMIIIMHOTO 3aITyCKy Ta TOBEpHEHHS, 100
JIOTIOBHUTHU OCHOBH1 CHCTEMHU 030pO€EHHS, K1 BXKe NepeOyBaroTh Ha eTarli
3akymiBii. Ekocucrema cipomosknocteid ACP Bkimogae CCA (6oiioBi
JiTaJdbHI arapaT CIUIBHOI J1iT), @ TAKOXK JIITaabHI anapaTy CIUIbHOT i s
TPAHCIIOPTYBaHHS, CIIOCTEPEKEHHS, 00MOapyBaHHS Ta HABYAHHSI.

CCA BUKOpPUCTOBYIOTh HaIliBABTOHOMHE MPOTpaMHe 3a0e3MeYeHHs 1S
3a0e3nedeHHs Oe3MepEIIKoIHOI Ta €)EKTUBHOT B3aEMO/IIT 3 MIJIOTOBAHUMU
OOHOBUMM JIiITAKAMHU Ta MIOCWJICHHS iXHBOI epekTrBHOCTI. Lle mocsraeThes
[UIIXOM HaJaHHs MOKPAIIeHO1 CUTYyaIliitHOi 00613HaHOCTI, O1BIIOT
JIETAJIbHOCTI Ta MiJABUILEHOT )KUBYYOCTI B YMOBaX >KOPCTKO1 IPOTHI].

Po3pobka CCA crimpaTtumeThest Ha iCHYIOU1 HallpamioBaHHS I0/I0 B3aEMOIIi
MiJOTOBaHUX Ta OE3MIIOTHUX CHCTEM, OTPUMAHI IiJl 4ac CTBOPEHHS
noniepeanix mokoJiinb ACP, Takux sik XQ-58A ta XQ-67A. 1i mokoiHHS
ACP noBenu 31aTHICTh IIBUJIKO CTBOPIOBATH aKTyallbHI O0MOBI
CIIPOMO’KHOCTI, PO3TJISAaI0UN HU3bKY BAPTICTh SIK MPIOPUTETHY METY.
binbi cyqachi CCA, Taki sk YFQ-42A ta YFQ-44A, 6azyBaTUMyThCs Ha
ycIixy nornepeaHix po3poook ACP.

Ha xymosxxHiit imrocTpariii 300pa’keH0 KOHIENTH Oe3MUTOTHUX BUHHUIITYBayiB
YFQ-42A (3um3y) ta YFQ-44A. JlitaneHi anapatu CIpOEKTOBaHI Jis
BUKOPHCTAHHS aBTOHOMHHUX MOXJIMBOCTEH Ta B3a€EMO/I1 MJIOTOBAHUX 1
0e3MUJIOTHUX CHCTEM 3 METOI0 HEeHTpai3allii BOPOXKUX 3arpo3 B yMOBax
xopctkoi npotunii. (Imroctparis [HosiTpsiaux cui CILIA, Hagana



CHAPTER 4: CONSIDERATIONS FOR EMPLOYMENT
The USAF must be positioned to capitalize on the commercial sector’s Al
advancements. Current and forthcoming DoD and USAF policy and
governance structures for Al will shape the manner Al is employed across
the USAF. This section highlights several considerations planners and
commanders should understand when harnessing Al for their mission.

Al-READY FORCE

USAF personnel must be Al fluent to integrate its capabilities into
operations. In the context of this doctrine note, Al fluent implies
proficiency beyond simple literacy. Airmen should not just possess a basic
Al understanding, but they should comprehend the application,
interpretation, and effective navigation of Al systems. Airmen must seek to
utilize Al-powered tools and experiment with available tools to find areas
for improvement, how to provide feedback, and apply corrective actions. Al
capability awareness and understanding underpins effective collaboration
with automated systems, informed decision-making, and risk mitigation. Al
fluency keeps personnel competitive, enables a strategic edge for the
integration of more technologies and lays the foundation for our Al
ecosystem.

DATA

Data must be treated as a valuable enterprise-level asset. Everyone in the
enterprise must understand the importance of data management and
collection efforts, including the curation of records and information made
available for Al development and implementation. The collection and
management of high-quality data is a critical challenge in the development
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kommanismu General Atomics Aeronautical Systems, Inc. Ta Anduril
Industries)

PO3ALJ 4: IUTAHHSA 3ACTOCYBAHHSA
[1C CIIA maroTh 3aiiHATH MO3UIII0, 10 JO3BOJIUTH IIOBHOIO MipOI0 BUKOPUCTATH
JIOCSTHEHHST KoMepItiiHoro cekropy y cdepi LI, [Torouyni Ta MaitOyTHI momiTHKA 1
CTPYKTYpH yIpaBJiHHS Ta peryntoBanas MinicrepctBa oooponu (DoD) 1 T1C
CIIA dopmyBatumyTh crioci6 3actocyBanns LI B yciit ctpykrypi I[1C CIIA. Y
I[bOMY PO3/IiJIi BUCBITIICHO KiJIbKA aCTIEKTiB, SIKi MAIOTh PO3YMITH (axiBiii 3
IUIaHyBaHHS Ta KOMaHupu npu 3ainy4denHi L1 1o BukoHaHHs cBOiX 3aBIaHb.

CIWIN, 'OTOBI 10 POBOTH 3 LII

Oco6oBuii ckiaan I1C CIIIA noBuHeH BiibHO Bos1oaiTu inctpymentamu L1,
1100 iHTerpyBaTH HOro cipoMo:KHOCTI B onepauii. ¥ KOHTEKCTI 1€l
JOKTPUHAIBLHOI HOTATKH, «BiIbHE BosoAiHHA LI» mepenbauae KOMIETEHTHICTD,
1110 BUXOJUTh 3a MEXI1 IIPOCTOI TPAMOTHOCTi. ABIaTOpU NOBHHHI HE IPOCTO MaTH
6a3zoBe po3yminns I, a i po3ymiTH IPUHIMITN 3aCTOCYBaHHS, IHTEpIIPETaIlii Ta
egexTrBHOI HaBirauii B cucremax IlII. ABiaropu NOBHHHI NparuyTu
BUKOPHUCTOBYBAaTH 1HCTpyMeHTH Ha ocHOBI 111l Ta excriepMeHTyBaTH 3 HasIBHUMU
3aco0amH, 11100 BUSABISATH HAPSAMKHU JJIs1 BAOCKOHAJIECHHS, HaJJaBaTH 3BOPOTHUI
3B 30K Ta B)KMBATU KOPUTYBAJIbHUX 3aX0/11B. O013HAHICTh II0JJ0 MOXKIIUBOCTEN
I ta iX po3yMiHHS € OCHOBOIO JUIsl €(peKTUBHOI CHIBIpalli 3 aBTOMAaTU30BaHUMHU
CUCTEMaMHM, IPUUHATTS MO1HGOPMOBAHUX PillIEeHb Ta MiHiIMI3allili pu3uKiB. BinbHe
BostontiHHA 1111 no3BosIsIE 0OCOOOBOMY CKITay 3aiaMIIaTHCS
KOHKYPEHTOCIIPOMOKHUM, 3a0e31euye cTpaTeridyHy nepesary JUisl iIHTerpamii
HOBMX TEXHOJIOTIH 1 3aKiajae GyHIaMeHT A Hamoi ekocuctemu 11

JAHI

JaH1 ciig po3risiaaTH sIK IIHHANA aKTHB 3araibHOB1IOMYOTO piBHA. KoXxeH y
BiJIOMCTBI ITOBUHEH PO3YMITH BaXXJIUBICTh YIPABIIHHSA JAHUMH Ta 3yCUJIb 3 iX
300py, BKJIIFOYAIOYH YIIOPSAKYBAaHHS 3aMUCIB Ta iHPOpMaIIii, 10 HaTa€ThCs IS
po3poOku Ta BripoBakeHHs L. 36ip Ta yrnpaBiiHHS BUCOKOSIKICHUMU JaHUMHU €
KPUTHYHUM BUKIIMKOM Yy po3poOii Ta BipoBakeHHl iHcTpyMeHTiB L. TounicTh
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and implementation of Al tools. The accuracy and reliability of Al models i naniiinicts Mozaeneii 1111 3HaYHOIO MipOIO 3aJIEKATh BiJl SKOCTI JaHUX, IO

are heavily dependent on the quality of the data used for training and BHUKOPHCTOBYIOTBCS [T HABYAHHS Ta TECTyBaHHSA. TOMY HaJICKHE YIIPABIiHHSI
testing. Therefore, proper data management and collection efforts are JTAHMMH Ta iX 30ip € HEOOXIAHUMH JIJISl OTPUMAHHS HAJIC)KHUM YHMHOM

essential to gather properly conditioned data across datasets. These efforts MiArOTOBJIEHUX JaHUX y Pi3HUX MacuBax. L{i 3yCHsuIs Ipu3BOAATH 10 KPamioi

lead to better performance and practical utility of Al models. As eeKTUBHOCTI Ta MpakTUUHOi KoprcHocTi Moaeneit L. Ockinbku mapTHEpCTBO
partnerships between the USAF and industry produce excellent Al tools, mixk I1C CIIIA Ta mpoOMHUCIIOBICTIO CTBOPIOE JocKoHaui iHcTpymenTs LI, mutanus
data ownership, storage, and processing will present risks and opportunities  BiacHocTi Ha JaHi, iX 30epiraHHs Ta 0OpPOOKH CTBOPIOBATUMYTD K PU3HMKH, TaK i
for USAF decision-makers. Airmen must consider these factors when MOJKJIMBOCTI JUIst 0¢i0, 110 npuiimaroTh pimenns y [1IC CIIIA. ABiaTopu MOBHHHI
developing Al tools and implementing them within the enterprise. BpaxoBYBaTH Li akTopu rnpu po3podbui incrpymentis LI ta iX BopoBamKeHHI y

MeXXax BiloMCTBA.

COMPUTE OBUYUNCJIIOBAJIBHI TIOTYXKHOCTI

Currently, training and running Al models requires a massive amount of Hapasi nHaBuanHus Ta 3amyck mojesneit 11 Bumarae Benmae3Horo oocsry
compute power, which will drive a recurring demand signal for increased 00YHCITIOBAILHUX MOTY)KHOCTEH, 110 (OPMyBaTUME MOCTIHHU#T 3aITUT Ha
computer and technology acquisitions for host platforms. This reality can be 36inbiieHHS 3aKymiBe/Ib KOMIT IOTEPHOTO 00J1aTHAHHS Ta TEXHOJIOTIN JIJIs

a critical deciding factor in Air Force Al integration. Al-use plans should mwiatopM-HOCITB. Ll peanbHICTh MOKE CTATH KPUTHIHUM BHPIIIAIbLHIM
outline computing, data collection and storage, mission assurance, ¢axropom y npouieci interparii LI y [Topitpsiaux cunax. [Tnanu BukopucTaHHs
communications, authorization to operate, and energy requirements for I moBMHHI OKPECTIOBATH BUMOTH JI0 00YKCIICHD, 300py Ta 30epiraHHs JaHUX,
development, testing, and deployment at the enterprise level. At the same rapaHTyBaHHsS BUKOHAHHS 3aBJaaHb (MISSION assurance), 3B’s3Ky, aBTOpH3allii Ha
time, leaders should balance the risk associated with fielding open source eKCILTyaTallilo Ta eHepro3ade3rnevyeHHs Ha eTarnax po3poOKH, TECTyBaHHS Ta

and commercial Al tools with the speed and increased computing power pO3ropTaHHS Ha 3arajbHOBIIOMYOMY piBHI. BomHOYac KepiBHUKY MOBUHHI

often resident in commercial sources. 3HaXOAMTH OaTaHC MK PU3HKAMH, TIOB’I3aHUMH 3 BBEJICHHSM B €KCILTyaTaIlit0

iHcTpyMeHTIB LI 3 BiAKpUTUM BUXITHUM KOJIOM Ta KOMEPLIHHUX IHCTPYMEHTIB, 1
MIBUJIKICTIO Ta MiJABUILEHOI 00UYHCIIOBAIIBHOO MOTYKHICTIO, 1II0 4aCTO
MpPUTAMaHHI KOMEPLUIHHUM PIILIEHHSM.

TALENT

The USAF’s Al subject matter experts are sparsely scattered across staffs KAJIPOBUH NOTEHIIIAJI

and in centers such as the Air Force Research Laboratory. However, to [Tpodinbhi excneptu [1C CILA 3 nutans I He3HauHOIO MiporO po3ocepeKeHi
build an Al-fluent force, we must find, recruit, develop, and incentivize o mrabax Ta IeHTpax, Takux sk Jocaigauipka madopatopis [ToBiTpsHUX CHIT
individuals who can build, operate, and lead an Al enterprise. This goal (AFRL). Onnak, 11106 CTBOPUTH CHIIH, SIKi BUTbHO BotoA1itoTh LI, My moBuHHI
requires collaboration across various specialties, including partnerships 3HAXOJUTH, PEKPYTYBaTH, PO3BUBATU Ta MOTHBYBATHU OCI0, 31aTHUX OyIyBaTH,
between developers and operators, scientists and ethicists, coders and eKCIUTyaTyBaTu Ta 040JitoBaTH Biomuy ctpykTypy LI L5 meta Bumarae

system architects, planners and programmers, and military personnel. CHiBIpaIli Mi’K PI3HHUMH CIIEIaTbHOCTSIMH, BKJIFOYAI0YX ApTHEPCTBO MIX



Outreach to strategic partners, academia, labs, and industry underpins a
future Al-fluent force.

PROBLEMS Al CAN SOLVE

Al is best suited for military applications with consistent patterns. Practical
Al usage requires substantial high-quality data and computational power. In
addition, understanding the problem structure is critical. While simple
problems may not need advanced techniques, Al can address complicated
and some portions of complex problems.

COMPLICATED PROBLEMS

Complicated problems and systems, like designing and running intricate
machinery or aircraft components, involve multiple aspects and challenges
that possess consistent structures and activity patterns over time. Since the
problem-solving approaches are mostly the same every time, they can be
adequately modeled with mathematical formulas. Specifically, Al excels in
solving these problems with probabilistic mathematics to detect patterns at
scale and speed. The logistics industry demonstrates Al's effectiveness in
dealing with complicated problems, optimizing inventory management,
transportation, and enabling predictive maintenance through accurate
demand forecasting and part failure predictions.

COMPLEX PROBLEMS

Complex problems (often called “wicked”) are unpredictable, with
frequently changing rulesets and patterns of interaction that make it difficult
or impossible to adequately or reliably model the kinds of mathematics
currently used by Al. For instance, social issues are inherently complex.
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PO3pOOHHUKAMH Ta OTIEpaTOpaMH, HAYKOBIIMHU Ta (PaxiBISIMH 3 €TUKH, KOJACpaMU
Ta CHCTEMHHMH apXiTeKTopamH, (haxiBISIMU 3 TUTAHYBAaHHS Ta IpOrpamicTamMu, a
TaKOX BIHCHKOBHM NepcoHaIoM. B3aemonist 31 cTpaTeriyHMMU NapTHEpaMH,
aKaJeMIYHUMH KOJIaMH, J1a00paTopisIMH Ta MMPOMHUCIIOBICTIO € (yHJIAMEHTOM JIJIst
MaROyTHIX CHJI, 10 BUILHO BOJOit0Th L1

MMPOBJIEMMU, SIKI MO’KE BUPILITYBATH HII

LI nafikpaie miaxoauTh 11 BINCBKOBUX 3aCTOCYBaHb, IO MAOTh CTIHKI
3akoHOMipHOCTI. [IpakTnune Bukopuctanus I1II Bumarae 3Ha9HUX 0OCHTIB
BUCOKOSIKICHUX JJAHUX Ta O0YMCITIOBAILHUX MOTYXHOCTEH. KpiM TOro, KpUTUYHO
BOXJIUBUM € PO3YMiHHS CTPYKTYpH Ipobaemu. Xo4a mpocTi mpodIeMH MOXKYTh
HE MoTpedyBaTH nepeoBux MeTouk, 111 31aTen BupinryBaTH yeKJIaqHeHi Ta
OKpEeMi YaCTHHH CKJIATHUX (KOMILJIEKCHUX) ITPOOIICM.

YCKJIAAHEHI ITPOBJIEMHA

YcknaaHeHi mpo0JieMy Ta CUCTEMHU, TaKi sIK MPOEKTYBaHHS Ta €KCILTyaTallis
CKJIQJIHUX MEXaH13MiB 400 KOMITOHEHTIB JIITaKiB, BKIIOYAIOTh YUCICHHI aCIIeKTH
Ta BUKJIMKH, SIKI MAlOTh CTilKi CTPYKTYpU Ta MAaTepHU aKTUBHOCTI MPOTATOM 4acy.
OCKUIBKY TXO0U A0 BUPIIIEHHS MTPo0JieM 3/1e01IbII0r0 MI0pa3y OJHAKOBI, iX
MOYKHa aJIeKBaTHO 3MO/JIEJIIOBATH 3a JIOTIOMOI0OI0 MaTeMaTHYHUX (HOpMyI.
3okpeMa, LI nemoHcTpye BIAMIHHI pe3yJbTaTH y BUPILIEHH] IUX IpoOJieM 3a
JIOTIOMOT'0}0 IMOBIPHICHOT MaT€MaTUKH Il BUSIBJIIEHHS 3aKOHOMIpHOCTEH Y
BEJIMKUX MacITadax Ta 3 BACOKOIO MIBUIKICTIO. JIOTICTHYHA rany3b JEMOHCTPYE
epexTuBHicTh LI y po6oTi 3 yckiaAHEHUMH TPOOIEMaMu, ONTHUMI3YIOUH
YIpaBITiHHSA 3allacaMy, TPAHCIIOPTYBAHHS Ta 3a0€3MeUyI0UH IPOTHO30BAHE
TeXHIYHe 00CITyrOBYBaHHS 3aB/SIKK TOYHOMY IPOTHO3YBAHHIO MOMUTY Ta
nepen0avueHHIO BIIMOB JI€TalIeH.

CKJIAJIHI (KOMIIJIEKCHI) TPOBJIEMUA

Cxuagai mpobaemu (SIKi 4aCcTO HA3UBAKOTh «IIACTYITHUMI» 200
«HETpUBIATbHUMMY) € Henepea0auyyBaHUMHU, 3 HA0OpaMH MPaBUJI, 10 YaCTO
3MIHIOIOTHCS, Ta MOJICTISIMU B3a€MO/Iii, SIK1 pOOIATH CKIIaTHUM a00 HEMOKIUBUM
X aJleKBaTHE YK HaJiliHEe MOJIEIIOBAHHS 3a JIOITOMOI0OK0 MaTEMAaTHYHUX METO/IIB,



They typically require balancing between tightly coupled competing
interests that cannot be accommodated simultaneously. They require
managing human intuition and perception, including working out
compromises. Current Al models struggle with complex problems. They are
better suited for solving the individual, complicated tasks that make up
components of the larger complex issue. For example, some complex
problems, such as nuclear deterrence, fundamentally require human
characteristics like an understanding of context, judgment, wisdom, and
ethical considerations.

The Air Force Rapid Sustainment Office partnered with Defense
Industrial Base (DIB) command, control, and communications (C3)
Al to develop the Predictive Analytics and Decision Assistant
(PANDA), a System of Record for achieving Condition Based
Maintenance. PANDA uses Al to optimize fleet maintenance,
increasing aircraft availability, and minimizing downtime. PANDA
utilizes Enhanced Reliability Centered Maintenance (eRCM) and
Sensor Based Algorithms (SBA) to achieve these goals. eERCM uses
Al to analyze historical component failure data to predict component
failures. SBA uses Al to analyze sensor data to detect degrading
performance or impending component failure. PANDA synthesizes
aircraft-specific performance data with airframe-wide historical
failure data to preempt component failures.

GOOD DATA AND BIAS AWARENESS

Al systems need good training data. Obtaining accurate, properly labeled,
and conditioned data without introducing unintended or harmful biases is a
challenge. Quality results from Al depend on good data management, which
includes the gathering, contextualization, extraction, and dissemination of
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ki Hapasi BukopucroBye LI, Hampukiaz, comianbHi TUTaHHS € CKIaIHUMU 32
CBO€I0 IPUPOIO0. BOHM 3a3BHYaii BUMararoTh OaiaHCyBaHHS MK TICHO

OB’ I3aHUMH KOHKYPYIOUUMH 1HTEpPECaMH, SIKI HEMOXIIUBO 3a/I0BOJIBHUTH
BKJIIOYAIOUH MOIIyK KomrpoMiciB. Cyuacuum mozensm LI Baxxko garoTbes
ckJaHi mpobaemu. BoHu kparie miaxoasaTh A1 BUPIIISHHS OKPEMHX
YCKJIAJHEHUX 3aBJIaHb, 0 € CKJIaJOBUMHU MIUPIIOI KOMIUIEKCHOT TPOOIEMH.
Hamnpukian, gesiki ckiaaai mpo0aeMu, Taki K sSAepHEe CTPUMYBaHHS,
(byHIaMEHTAIEHO BUMAraloTh TAKHX JIFOJICHKUX XapaKTEPUCTHUK, K PO3YMIHHS
KOHTEKCTY, PO3CYJIUBICTh, MYIPICTh Ta €TUYHI MIPKyBaHHSI.

Odic mBuakoro 3abesneyenns [1C CIHA (Air Force Rapid Sustainment
Office) y maptHepctsi 3 nigpo3aiiom LI odoponHO-TIpoMuUCTOBOT Ga3u
(DIB) y chepi komanayBaHHs, yrpasiinas ta 38’s13ky (C3) po3poduin
«AcHCTeHTa 3 MPOTHO3HOT aHATITHKH Ta NpUiHATTS pimenb» (PANDA) —
odimiitny cuctemy 00Ky A7 peanizalii 00CcIyroByBaHHs 32 TEXHIYUHUM
cranom. PANDA Buxopucroye LI s onTumizanii TeXHIYHOTO
00CITyroBYBaHHS MapKy, MiABUILYIOUH TOTOBHICTb JIITAKIB 1O BUIBOTY Ta
MiHIMI3yt0uu yac npoctoro. s mocsraerns mux nuieid PANDA
BUKOpucToBye [Tokpariene o0cIyroByBaHHs, OpI€HTOBAaHE HA HAJIIHHICTD
(eRCM), Ta Anroputmu Ha ocHOBI naTuukiB (SBA). ERCM BukopucroBye
I nyig aHamizy iICTOPUYHUX JJAHUX MPO BIIMOBU KOMIIOHEHTIB, 11100
pOTHO3yBaTH MaiOyTHI moomMku. SBA Bukopucroye I mist anamizy
JTAaHMX 3 JIaTYMKIB, 11100 BUSABJIATH NOTIPLUIEHHS POOOYNX XapaKTEPUCTHK abo
HaOmkeHHs BigMoBU kKomrioHeHTa. PANDA cunTe3ye nani npo po6oty
KOHKPETHOTI'O JIiTaka 3 ICTOPUYHUMHU JAHUMH PO BiIMOBHU BCHOT'O MAPKY,
100 TTONIEPEIUTH BHUX1]T KOMITOHEHTIB 3 JIaJTy.

AKICHI JAHI TA YCBIJOMJIEHHS ITPOBJIEMHU YIHEPE/TZKEHOCTI
Cuctemam 111 notpiOHi sikicHI HaBYaNbH1 AaHi. OTpUMaHHS TOUYHUX, HAJIS)KHUM
YUHOM PO3MIYEHHUX Ta MIATOTOBJIEHUX JaHUX 0€3 BHECEHHS] HEHaBMHUCHHUX a00
HIKIATMBUX YIIEPEPKEHb € BUKIUKOM. SIKicHI pe3ynbraT podotH LI 3anexars
B/l HAJIEXXHOTO YIPaBIiHHSA JAHUMH, 110 BKIIIOYae 301p, KOHTEKCTyai3alliio,



properly curated data that sufficiently represents the problem or
phenomenon to which Al is applied. This requires finding, accessing,
reformatting, and restructuring data, eliminating unintentional biases, and
ensuring accuracy. Unintentionally biased data or algorithms may cause
discriminatory outcomes, leading to a lack of trust in Al systems. To
mitigate certain unintentional biases, developers and decision-makers must
address potential sources of bias throughout the Al development process
using diverse datasets, transparent and explainable algorithms, and regular
audits and evaluations. Only when data is accessible, understandable, and
filtered can military applications be built. The accessibility of data should
also be a planning consideration when deciding the classification level and
network requirements for Al systems.

CYBER DEFENSE OF BLUE Al

Robust cyber defense is required for implementing Al within the USAF.
The success of Al systems and Al-enabled operations relies on quality data
and uncompromised processes. Cyber defense for Al systems is crucial due
to their sensitivity and the criticality of processed data. Malicious cyber
activity often focuses on data poisoning to target ML models with
manipulated data. Data poisoning alters the fundamental behavior of Al
systems and results in false or misleading outcomes. In addition to
poisoning input data, an adversary gaining access to an Al model itself
could reverse engineer a system to reveal sensitive input data or manipulate
control of the data output. For example, with access to an ISR model trained
to detect military equipment in satellite imagery, an adversary could
develop a digital camouflage to prevent detection. To prevent such threats,
the cyber defense of Al systems must include multi-layer protection like
access controls, encryption, network security, intrusion detection, and data
verification processes. Failure to secure Al systems will lead to grave
consequences.
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BIJIYYEHHS Ta MOIIMPEHHS HAICKHUM YHMHOM YIOPSIKOBAaHHUX JaHUX, SIKi
JIOCTaTHBOIO MipOIO PENPE3eHTYIOTh MPOOIeMy ado0 SIBHIIE, 10 IKUX
3actocoByeThes LI Lle BuMarae nomyky, OTpuMaHHs JOCTYILY,
nepedopMaTyBaHHS Ta peCTPYKTYpH3allii JaHUX, yCyHEHHsS] HCHABMUCHUX
yrepeKeHb Ta 3abe3neyeHHst TOYHocTi. HeHaBMUCHO yriepepkeHi gani abo
AJITOPUTMHU MOXKYTh CIIPHYMHUTH AUCKPUMIHALIHI Pe3yJIbTaTH, U0 MPU3BEIE 10
BTpatu noBipu a0 cuctem LI. [I{o6 miHIMi3yBaTH NIeBHI HEHABMHCHI
yIepeKeHHS, PO3POOHUKHU Ta 0COOH, 1110 MPUIMAIOTh PIllICHHS, IOBHHHI yCyBaTh
MOTEHIIIHHI pKepera yIepeKeHOCTI MPOTATOM yChoro nporecy po3pooku 11,
BUKOPHUCTOBYIOUYH PI3HOMaHITHI HA0OpU JaHMX, MPO30P1 Ta MOSCHIOBAHI
(explainable) anroputmu, a TakoX peryJisipHi ayIMTH Ta OLIHIOBaHHs. BilicbkoBi
3aCTOCYHKHM MOKHA CTBOPIOBATH JIMIIE TOA1, KOJH JAaHI € JOCTYITHUMH,
3pO3yMUINMH Ta BiAQUIETpOBaHUMH. JIOCTYITHICTh JAHUX TAKOK TOBHHHA
BPaxOBYBaTHCS NPH IUTAHYBaHHI ITiJ] Yac BU3HAYECHHS PiBHS CEKPETHOCTI Ta
MepeKeBUX BUMOT Juis cuctem LI

KIBEP3AXUMCT BJACHUX CUCTEM LI dns suposamxenns Iy IIC
CIIA HeoOxigHuUM HaailiHui kibep3axuct. Ycmix cucrem LI Ta onepaiii i3
3actocyBaHHsM LI 3anexuTh Bij AKICHUX JaHUX Ta HECKOMIIPOMETOBAHUX
nporeci. Kibep3axuct cucrem LI € KpuTHUHO BaXXJIMBUM uepe3 iXHIO

Yy TJIMBICTh Ta KPUTUYHY 3HAUYLIICTh 00poOmoBanux nanux. lkianusa
KiOepIisUThbHICTh 4aCTO 30CePEIDKYEThCS Ha «OTPYEHHI Tanux» (data poisoning) 3
METOI0 YpasKeHHsI MOJIeIel MAaITMHHOTO HABYaHHS MaHIMyIbOBAaHUMH JaHUMHU.
OTpyeHHS 1aHUX 3MiHIOE (PyHIaMeHTaIbHy NMoBeAiHKY cucteM LI Ta mpu3BoIUTH
JI0 OTpUMaHHs XMOHUX a00 OMaHJIMBUX pe3yibTaTiB. OKpIM OTPYEHHS BXIAHUX
JTAaHUX, CYNIPOTUBHUK, OTPUMABILH J0CTYyN 10 camoi mozeni LI, moxe 3xnificHuTH
ii 3BOpOTHY po3poOKy (reverse engineering), mo6 po3KpUTH Yy TIMBI BXiTHI AaHi
a00 MepexonuTH KOHTPOJIb HaJl BUXITHUMU JaHUMHU (pe3ynbraTtamu). Hanpuknan,
Maro4u A0CTyn 10 Mozeni ISR (po3Biaku, ciocTepeXeHHs Ta PEKOTHOCITHPOBKH ),
HaBYEHOI BUSBIATH BiiCEKOBY TEXHIKY Ha CYITyTHUKOBHUX 3HIMKaX, CYIPOTHBHHUK
MO3K€e po3poOuTH UGPOBUN KaMyhIsDK JUIsl 3a00iraHHs BUsIBIIEHH!O. J1Jist
BIJIBEpHEHHsI TaKUX 3arpo3 Kibep3axuct cucreM LI moBuHeH BKitoyaTH
OaraTopiBHEBUI 3aXUCT, TAKUN K KOHTPOJIb IOCTYITy, IIN(PPYBaHHS, MEpExKeBa



Al AND ETHICS

The ethical use of Al tools is a significant concern. Al applications must be
consistent with law, policy, and used responsibly. In line with the Deputy
Secretary of Defense Memorandum on Implementing Responsible Al, all
DoD Al capabilities must be responsible, equitable, traceable, reliable, and
governable. The DoD Chief Digital and Artificial Intelligence Office (DoD
CDADO) and the DAF Chief Data and Artificial Intelligence Office (DAF
CDADO) lead the ethical development and adoption of Al-powered tools.

However, it is worth noting that our adversaries are not always beholden to
the same ethical guidelines, and the DoD may encounter significant
challenges when faced with systems employed with fewer ethical
considerations.

CHAPTER 5: A VISION FOR THE FUTURE

True technological innovation is unlocked not by the technology itself, but
how we are able to conceptualize and apply it. Our competitive advantage
will be amplified by our ability to gauge and shape implications of that
technology faster and more completely than our adversaries. Recent Al
developments are no exception. They require interdisciplinary efforts to
achieve benefits while avoiding pitfalls. Airmen must anticipate and
embrace Al’s changes while navigating potential vulnerabilities and internal
challenges. The USAF must invest in data collection, computing, energy,
communications, human capital, and multidisciplinary knowledge to
maintain a secure and ethical Al enterprise. Airmen must be ready,
innovatively minded, and willing to push that technology to its limits. Our
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Oe3reka, CCTeMH BHUSBIICHHSI BTOPIHEHb Ta Mpolecu Bepudikamii JaHuXx.
HesnarnicTs 3axuctutu cucremu 11 nmpusBene 10 TSHKKUX HACTIIKIB.

I TA ETUKA

Etnune Bukopucranus inctpymenTiB LI Bukinkae 3Ha4He 3aHENOKOEHHS.
3actocyBanns 111 mae BiamoBigaTH 3aKOHY, MOJITHIII Ta 31IHCHIOBATHCS
BiJIOBiAaNbHO. BinmosigHo 70 MemMopaHayMy 3aCTyITHUKA MiHICTpa 000pOHU
11010 BrpoBamkenns «Bixnosinaneroro II» (Responsible Al), yci
cupomoknocti LI MinictepcTBa 000poHM TOBHHHI OYyTH BiIIOBIJaIbHUMH,
CIpaBeUIMBUMH, BiJICTEKYBAaHHMH, HaJiIHHUMU Ta KepoBaHUMHU. ['otoBHE
YIpaBITiHHSA TUPPOBUX TEXHOJIOTIH Ta ITYYHOTO iHTENnekTy Mino6oponu (DoD
CDAO) ta l'onoBHe ynpaBniHHS JaHUX Ta IITYYHOTrO 1HTENEKTy JlemapTtameHTy
I1C (DAF CDAO) 0405010Th IPOIIeC ETHYHOI PO3POOKH Ta BIIPOBAKEHHS
iHCTpyMeHTIB Ha 06a3i LI

OpnHak BapTO 3a3HAYUTH, 1110 HAIIl CYNPOTUBHUKHU HE 3aBXKIU 3000B’s13aH1
JOTPUMYBATHUCS TUX CAMUX €TUYHUX HACTAaHOB, 1 MiHICTEpCTBO OOOPOHU MOKE
3ITKHYTHUCS 31 3HAYHUMU BUKJIUKAMU, TIPOTUIIFOUN CUCTEMAM, 1110
3aCTOCOBYIOTHCS 3 MEHIITUMH €TUYHIUMH OOMEKEHHSIMHU.

PO3/ILT 5: BAUEHHSI MAMBYTHBOT'O

CrpaB>KHS TEXHOJIOT1YHA IHHOBALlisSl PO3KPUBAETHCS HE CAMOIO TEXHOJIOTIETO, a
THM, SIK MU 37]aTH1 i OCMUCJIMTH Ta 3acTocyBaTu. Halla KOoHKypeHTHa niepeBara
Oy/ie mocuJIeHa HAIIOk0 3JaTHICTIO OLIIHIOBAaTH Ta ()OPMYBATH HACHIIKH ITi€]
TEXHOJIOT11 IBH/ILIE Ta MOBHIIIE, HIK Hallll CyIpOTUBHUKU. OCTaHHI pO3pOOKH Yy
cdepi LI e € BuasITKOM. BOHU BUMararoTh MbDKAUCHUILTIHAPHUX 3yCHITb IS
JIOCSITHEHHS TIepeBar Mpy YHUKHEHHI [TacTOK. ABIaTOpH MOBUHHI NiepedayaT Ta
npuiiMaTi 3MiHH, ki Hece 111, ogHOYacHO 07ar0uu MOTeHLIHHI BPa3IUBOCTI Ta
BHyTpimH1 BUKIUKU. [IC CIIIA noBuHHI iHBECTYBaTH y 301p AaHHUX,
00YMCITIOBAJIbHI TIOTYKHOCT1, €HEPreTUKY, KOMYHIKallii, JIIOICHKUI KamiTan Ta
MDKIUCIUTITIHAPH] 3HAHHS JIJIS1 IATPUMKN O€3MeYHOTO Ta €TUYHOTO B1IOMYOTO
nianpuemMctsa L. Aiaropu Mar0Th OYTH TOTOBHUMH, HAJIAIITOBAHUMH Ha



task will be to constantly demand the best of our Al tools for employment
integration

DAF Battle Network

The Advanced Battle Management System (ABMS) is a “system of
systems” designed to share data seamlessly and securely across
multiple weapons systems. ABMS, and overarching DAF
architectures such as the DAF Battle Network, will be critical enablers
to the Defense Department’s Joint All Domain Command and Control
(JADC?2) effort to connect sensors and shooters around the globe.

This doctrine note’s Appendix will help Airman prepare for the
employment of new Al tools and pursue the right opportunities to employ
Al today for victory tomorrow. For Airmen to continue their individual
journey in Al knowledge, reference products and webpages of Air Force Al

leaders such as AFRL, the DAF Al Accelerator at Massachusetts Institute of

Technology (MIT), and DAF Bot Operations Team (DAFBOT) at the
USAF Lifecycle Management Center (LCMC).

APPENDIX: QUESTIONS TO ASK BEFORE DEVELOPING AN Al

SOLUTION

The questions below are eant to assist an Airman’s assessment of how and
if Al systems can provide a solution to their problems. Airmen should also
reference DAF CDAO site (ai.af.mil) for information materials, tools, and
products to guide their Al journey.

Is the problem, question, or phenomenon sufficiently well-structured
to apply the desired Al tools, given the inherent limitations of the
mathematical tools being used?
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IHHOBAIIIT Ta TOTOBUMH BUKOPHUCTOBYBATH ITI0 TEXHOJIOTIIO HA MEXI 11
MOKJIMBOCTEH. Haille 3aB1aHHs MOJIAraTHME B TOMY, 1100 IMOCTIHHO BUMAratu BiJ
Hamux incTpymenTiB LI Mmakcumymy fuis inTerpauii y 60ioBe 3aCTOCYBaHHS.

boiioBa mepe:ka [denapramenty IIC

[Tepenosa cucrema ynpasiiaas 6oioBumMu aismu (ABMS) — e «cucrema

cHUCTEeM», po3pobJIeHa Tl 0€3MEePEIIKOTHOTO Ta Oe31IeYHOT0 OOMIHY

JAHUMHU MK pi3HUMHU cucTeMamu 030poenHs. ABMS Ta 3aranbhi

apxitextypu Jlenapramenty I1C, Taki sik boitoBa mepexxa DAF, ctanyTh

KPUTHYHO BOXJIMBUMH €IIEMEHTAaMHU, 110 3a0e31euaTh peasi3amilo KOHIeNil

Mino6oponu «O0’eHaHe KOMaHyBaHHSI Ta YIIPABIIHHS Y BCIX JIOMEHAX)

(JADC2) s 3’eqHaHHS CEHCOPIB Ta 3aCO0IB ypasKeHHS 110 BCbOMY CBITY.
JlomaTok 10 1i€i TOKTPUHU JOIOMOXKE aBiaTopaMm IMiAr0TyBaTHCS /10
3acTocyBaHHs HOBHX iHCcTpyMeHTiB LI Ta mrykatw mpaBUiIbHI MOKIHMBOCTI JUIS
Bukopucrans LI Bxe cboronui 3a1u1s1 nmepemoru 3aBrpa. L1006 aBiaropu Mornu
MPOIOBXKYBATH CBill iHAMBIyanbHUi UIsIX y mizHanHi LI, im ciig 3BepraTucs no
npoaykTiB Ta BeOcTopinok minepiB IIC y chepi LI, Takux sk AFRL,
Axceneparop I lenapramenty I[1C (DAF Al Accelerator) nmpu
Maccauycercbkomy TexHosoriunomy iHcTUTyTI (MIT) Ta Komanna 3 onepartiit
6otiB [lemapramenty I1C (DAFBOT) y LlenTpi ynpaBmiHHS KUTTEBUM UKIOM
I1C CIIA (LCMC).

JOAATOK: IIUTAHHS, SIKI CJI1 IOCTABUTH INEPE ]
PO3POBKOIO PILIEHHS HA BA3I 11

HaBezneni Hu)k4e NUTaHHS NOKJIMKaH1 IOTIOMOI'TH aBlaToOpy OLIHUTH, 5K 1 Y1
MoXyThb cuctemu LI HanaTu pimeHHs 1t Horo mpodiaeM. ABiaTopaM TakoX CIij
3BepraTHCs 110 caiity ['onoBHOro ynpasninas nanux ta LI (DAF CDAO)
(ai.af.mil) 3a inpopmaniiiHIMK MaTepiaaMH, IHCTPyMEHTaMH Ta MPOAYKTaMH IS
opienTaii y cgepi LI

e Uu e mpobiiema, nuTaHHA 200 SBUIIE TOCTATHHO 100pE CTPYKTYpPOBAaHUMU
JUIS 3aCTOCYBaHHs OaxkaHux iHcTpyMeHTiB LU, BpaxoByroun BracTuBi
00OMeXEeHHS] BAKOPUCTOBYBAHUX MaT€MaTUYHUX 1HCTPYMEHTIB?



The more well-structured the problem is, and the more the same
rules apply to multiple instances of the phenomenon, the better
suited the Al application.

Have operators who will be using the Al tool been involved in the
design of the tool, and is there a plan to ensure that the Al results
will be externally valid?

This is important to ensure developers ask questions and design Al
tools relevant to the field, and useable by the Airmen. It is also
important that operators are part of the data collection effort, to
ensure data is collected and categorized correctly.

Are there adequate edge cases to test safety and reliability of Al, and
how will they be tested?

Edge cases are situations in which the Al will fail or be insufficient
to deal with the external realities of a situation. Ideally, testing
should deliberately seek to identify and expose those edge cases to
either improve the Al model or limit what the Al is asked to do.
More complex situations potentially present an infinite number of
edge cases, which makes reliability testing increasingly difficult, and
failure in the field more likely.

Is there sufficient high quality labeled/curated/documented data for
the Al system to use? Is data conditioning sufficient and congruent
across aggregated datasets?

A lesson learned from an early Al defense project named Project
Maven was that data conditioning was an even bigger challenge than
creating algorithms, especially when trying to aggregate data across
many separately designed systems. Data often requires
annotation/labeling to indicate how and why it was collected, and
that context may determine if data collected to answer one question
is suitable to answer a different question in a different context. Data
labeling can also create problems if the system of labeling is not
consistent between different systems.
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Yum kpawe cmpykmyposana npodnema i yum 6invute 0OHI U mi cami
npasuila 3acmocosyromscs 00 YUCTeHHUX 6UNAOKI8 A8UWA, MUM Kpauje
nioxooums 3acmocyeants L1

Yu Oynu 3amydeHi 10 MPOEKTYBaHHS IHCTPYMEHTY OIEpaTOpH, sIKi Oy yTh
HOTO BUKOPUCTOBYBATH, 1 UM 1CHYE TIJIaH 3a0€31eUeHHs 30BHIITHBOT
BatiTHOCTI pe3ynbraTiB L7

Le sasicnuso 0nsa mozo, wjob po3poOOHUKU CMABUIU 3aNUMAHHS MA
cmeopiosanu incmpymenmu LI, akmyanvHi 015 peanvHux ymo8 i 3pyuHi
ons asiamopisg. Takooic saxcaugo, wob onepamopu opanu yuacms y 300pi
oanux, abu eapanmyeamu, wo Oari 30UpParmMebcsi Ma KiacupiKyiomscs
NPABUIILHO.

Uu icCHYIOTh a/IeKBaTHI TpaHUYH1 BUMIQJKH JJIsl TIEpEeBIpKU Oe3MeKu Ta
Haxinocrti 1L, 1 sik BoHu OyayTh nepeBipsaTHcs?

I'panuuni sunaoxu — ye cumyayii, 6 axux LI 3a3unac nesdaui abo
BUABUMBCS HEOOCMAMHIM OJis1 POOOMU i3 308HIWHIMU PeaisIMU CUMYaYil.
B ioeani mecmysannsa nosuHHo yinecnpsamo8aHo uyKamu ma eUsGisamu
Maxi epanuyti 6unaoku, woob abo nokpawumu modens LI, abo
obmedxcumu 3a80ants, ki cmagnamocs neped L. Binow cknaowi
(KomnaekcHi) cumyayii NOMeHYitiHO CMBOPII0Mb HeCKIHYEeHH) KITbKICMb
2PAHUYHUX BUNAOKIB, WO POOUMb NepesipKy HAJIIHOCMI 0edai
CKIAOHIWOM0, a 8IOMOBY 8 HONbLOBUX YMOBAX — OLIbUL IMOBIPHOIO.

Yu € 10CTaTHRO BUCOKOSIKICHUX
PO3MIYEHUX/yTOPSIAKOBAHUX/JOKYMEHTOBAHHUX JAHUX JJISi BUKOPUCTAHHS
cuctemoto LII1? Yu € migroroska (KOHAULIOHYBaHHS ) JaHUX JOCTAaTHbHOIO
Ta y3TO’KEHOI0 B arperoBaHuX Habopax JaHuX?

Ypok, sunecenuii 3 pannvozco ob6oponnozo npoeckmy LI nio nazeor
Project Maven, noasieas y momy, wo niocomoska oanux 6yna Hagimo
OINLUUM BUKTTUKOM, HIHC CTMBOPEHHS ANI2OPUMMIB, 0COOIUBO NPU CNPOOI
00’eonamu 0aui 3 6azamvox OKpemo CnpoEKMoBanux cucmem. /lami
yacmo nompebyromes anomayii/pozmimeu, wob exasamu, 5K i YoMy 6OHU
Oyu 3i0pani, i yeti KOHMeKCm Modice 8USHAYamu, 4u nioxooams OaHi,
3i0pani 0151 6I0N0GIOI HA 0OHe NUMAHHA, 0/ 8i0N0GI0T HA THUE NUMAHHS 8
iHuwoMy Konmexcmi. Posmimka oanux maxoc modice cmeoprosamu



Acre there protection measures for the entire system from either
accidental or deliberate data poisoning, model inversion attacks, or
algorithmic manipulation?

In addition to the internal challenges of protecting the systems and
data needed to apply Al, consider how vulnerable Al applications
will be to external adversarial actions or manipulation, and if
sufficient safeguards can overcome these countermeasures

Are there sufficient, consistent, and mission assured data storage,
power supply, and processing power for the Al task?

Many advanced Al applications require massive computing power,
hence lots of data storage and energy. Even edge computing on the
frontlines requires adequate power supplies and storage capability.
Is pursuing automation in this area justified given the amount of
natural learning and experience my personnel are likely to lose by
trusting the machine to perform this task versus performing them
with more traditional techniques?

One of the potential downsides of automation or applying Al to
tasks (normally accomplished by humans) is humans lose the “deep
knowledge” and experience in the subsumed function, and therefore
are unable to handle the “handover challenge” when the automated
system encounters a different situation than it was designed for.
People accustomed to accepting Al generated answers will lose the
benefits of research, which is slower when it comes to finding
answers to known problems, but also facilitates the serendipitous
learning and discovery that prepares them to handle new future
problems.

What are the opportunity costs of trying to use Al for a problem

versus using more traditional means or classical computing, and why

is the tradeoff potentially worth it?

Given a simple problem, traditional computing methods may be
more than adequate to assist. Above all, consider the new resources,
human capital, hours of labor, and potential new sources for

potential failure across the entire ecosystem if sophisticated Al tools
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npoobiemu, AKWO CUCMeMAa PO3MIMKU He € Y3200HCEHOI0 MIdC PISHUMU
cucmemamu.

U iCHYIOTh 3aX0/I 3aXKMCTY BCi€l CHCTEMH Bij] BUTIAJKOBOTO 200
HaBMHCHOTO «OTPYEHHS JaHUX», aTaK METOAOM iHBepcii Mozei abo
MaHIIyJIAIINA 3 AITOpUTMaMHK?

OKpim 6HYMPIWHIX GUKIUKIG 3aXUCMY CUCMEM [ OAHUX, HeOOXIOHUX OJls
3acmocyeanns LI, nooymatime, nackinoku epasiueumu 6y0ymo
s3acmocyuxku LI 00 308uiwHix 80opodicux Oill abo mManinyaayitl, i 4u
00CMamub0o 3ano0INCHUKIG OJis1 NOOOJAHHS YUX KOHMP3ax00is.

Uu € 1oCTaTHIMH, MTOCIIJOBHUMH Ta TAPAaHTOBAHUMU JJI1 BUKOHAHHS
3aBIaHHs 30epiraHHs JaHUX, EHEPronocTadyaHHs Ta 00poOKa JaHUX JUIs
3aBgagus HI1?

bazamo nepeoosux zacmocynxis LI eumazaromo eenuuesHux
00UUCTIOBATLHUX NOMYICHOCMEL, d OMdHCce, 8e/IUK020 00csA2y nam’ami ma
enepeii. Hagimv nepugbepitini o6yucients Ha nepedosill 6UMazarms
A0EK8AMHUX OXHCePel HCUBNEHHS MA MONCIUBOCMEU 30epieanHsL.

Yu BunpaBaHe nparHeHHs 10 aBTOMATU3allll B 1ii chepi, BpaxoByroUu
00cAr MpUPOJHOTO HaBYaHHS Ta JOCBiNY, SIKUH Miil mepcoHan, WMOBIPHO,
BTPaTUTh, JOBIPUBIIN BUKOHAHHS 1IbOTO 3aBJIaHHS MAaIllMH1, TOPiBHSHO 3
BUKOHAHHSM HOTro OLIbIII TPaJULIHHUMHU METOAAMU?

Oonum i3 nomeHyiuHux HedoniKie asmomamusayii abo 3acmocysanus LI
00 3a60aHb (AKI 3a36UYAL BUKOHYIOMbCS TH00bMU) € Me, W0 TH00U
empauaroms «2AUOUHHI 3HAHHAY MaA 00CBI0 Y nepedanii QyHKYii, i momy
He 30amHi 6nOpamucs 3 «<npobemoro nepeoadi YynpagninHsy, KOIu
ABMOMAMU308AHA CUCMEMA CIUKAEMbCA 3 CUMYAYIEI0, 8IOMIHHOIO 8i0
miei, 015 sKoi 6oHa Oyna po3pobrena. Jloou, AKi 36uKiu npuUUMamu
8i0n06i0i, 3eeneposani L1, smpamams nepesacu 0ociioHuybKoi pobomu,
SAKA € NOBLIbHIWLOIO Y NOWLYKY 8I0N08I0ell Ha 8I00MI NpoOiemMu, ale maKoic
CNpUAE HABYAHHIO Yepe3 HeCNOOiB8ani GIOKPUMMSL, W0 20Mye ix 00
BUPTUEHHS HOBUX MALLOYMHIX NpoOIeM.

SIki € anpTepHATUBHI BUTpaTH cripoou Bukopuctanus LI nis supimenHs
po6IeMH MOPIBHSHO 3 BUKOPUCTAHHAM O1JIbII TPaJUIIIHHUX 3aC00iB 200
KJIACUYHUX O0YMCIIEHb, 1 YOMY 1Ie KOMITPOMIC MOTEHLIHHO BapTUl TOro?
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are applied to problems that could be adequately addressed by less v’ s npocmoi npobremu mpaouyiiini Memoou 004UCieHb MOXNCYNb Oymu

sophisticated but also less vulnerable traditional methods. Oinbw Hidie docmamuimu. Ilepw 3a 6ce, spaxosyiime Ho8i pecypc,
JIIOOCLKULL Kanimai, 200uHU npayi ma nomeHyitiHi Ho8i 0xcepena
MOdACIUBUX 30018 ) BCill eKocucmemi, AKWO cKIaoui incmpymermu LT
3acmocogyiomvcs 00 npooiem, aKi mo2nu 6 6ymu a0eKeamuo upiuleHi
MeHU CKIAOHUMU, ae 1l MeHUL 8PA3IUSUMU MPAOUYIUHUMU MEMOOAMU.
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Chapter 2. Theoretical foundations of translating Al terminology in military-
doctrinal discourse

2.1. Genre and stylistic peculiarities of military-doctrinal discourse

Military-doctrinal discourse represents a specialized domain of institutional communication
that emerges within the administrative, strategic, and operational activities of the armed forces. To
understand its features, it is necessary to refer to the broader linguistic concept of discourse.
Originating from the Latin discursus, the term denotes rule-governed communicative patterns
associated with specific social spheres, such as law or medicine (Popa, 2020, p. 140). Therefore,
discourse may be understood not merely as an isolated text, but as a socially conditioned system of
communication shaped by the priorities, functions, and values of a particular institution. This
perspective is especially relevant for the analysis of military-doctrinal texts.

The United States Air Force, which produced the document examined in this study, regularly
issues doctrinal publications in order to standardize operational approaches and promote shared
professional understanding. Such texts are intended to organize military expertise, ensure conceptual
consistency, and support decision-making at different command levels. In this sense, doctrine may
be viewed as a framework that translates strategic concepts into practical guidance for military
personnel (Jackson, 2017). Doctrinal communication therefore influences the way military
institutions structure planning, professional reasoning, and operational action.

Air Force Doctrine Note 25-1: Artificial Intelligence serves as a relevant example of this
genre. The Note was developed in response to the growing role of Al in contemporary military
operations and to the need to integrate Al-enabled tools into planning and execution. As stated in the
foreword, the document draws on joint and service policies, academic research, and expert
consultations. At the same time, it is presented as an authoritative and informational source rather
than as a binding directive (AFDN 25-1, 2025, Foreword, p. i). If contradictions arise with higher-
level policy, the latter takes precedence. This combination of authority and non-directive status
contributes to the document’s objective, analytical, and standardized language.

Therefore, AFDN 25-1 can be regarded as a representative example of military-doctrinal
discourse. Such texts are characterized by institutional neutrality, conceptual precision, and formal
organization. They are structured hierarchically, divided into clearly defined sections, and presented
in a concise analytical form. Instead of relying on narrative development, they focus on definitions,
operational principles, and procedural clarification. To ensure interoperability and reduce
misunderstanding among military units, doctrinal communication depends on standardized
terminology and relatively stable syntactic patterns (Georgieva, 2015, p. 9). As a result, the lexicon
of such texts is dominated by nominalizations, acronyms, and institutionally marked vocabulary,
whereas figurative language and subjective evaluation are minimized. This aligns with the
fundamental principles of translating scientific and technical texts outlined by V. Karaban. He
emphasizes that such texts are characterized by logical sequence, maximum objectivity, and clarity,
which strictly prohibit emotional coloring or subjective interpretation by the translator (Karaban,
2004, p. 15). In military-doctrinal texts, this objectivity is not just a stylistic preference, but a matter
of operational safety.

At the syntactic level, the text frequently employs passive constructions and impersonal
phrasing. This shifts attention from the performer of an action to the action, rule, or principle itself.
Such a tendency contributes to the effect of objectivity and collective institutional authority typical
of official defense materials. Another notable stylistic feature is the high density of abbreviations,
including USAF, DoD, UAV, ISR, and C2. This form of linguistic compression facilitates rapid
information exchange among military specialists and supports terminological consistency within the
professional field (Georgieva, 2015, p. 37). In addition, abbreviations in military texts serve an
institutional function: they reflect a shared doctrinal culture and presuppose common professional
background knowledge. In multinational military contexts, this feature becomes particularly
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important, since insufficient standardization may lead to differences in interpretation across allied
forces.

Military-doctrinal discourse also differs from other forms of technical translation. While IT
documentation and engineering manuals are mainly concerned with explaining systems, procedures,
or equipment, doctrinal texts place technology within a broader framework of command, policy,
operational planning, and responsibility. Their function is therefore broader than simple instruction.
They do not merely explain technology, but also regulate professional understanding and shape
institutional action. This distinction is especially relevant for translation, since doctrinal terminology
carries not only technical meaning, but also strategic and organizational significance.

The content of AFDN 25-1 reflects these genre-specific features. The document addresses the
strategic importance of artificial intelligence, its potential application across different Air Force
functions, and the risks associated with its implementation in contested environments. It is concerned
not only with technical capability, but also with doctrinal applicability, institutional responsibility,
and national security considerations. In this way, the Note demonstrates that military-doctrinal
discourse integrates technical information with strategic and organizational perspectives rather than
treating technology as an isolated object of description.

The intended audience of the Note includes commanders, planners, analysts, and other
personnel involved in doctrinal interpretation and practical implementation. Since doctrinal texts
serve professional and operational purposes, they must remain accessible across different levels of
military decision-making (Jackson, 2017). The structure and style of AFDN 25-1 reflect this
requirement by presenting complex technological information in a neutral, informative, and logically
organized form.

This structural and functional rigour is becoming increasingly relevant for the Ukrainian
military environment. As the Armed Forces of Ukraine (AFU) continue their transition toward NATO
standards — ranging from linguistic proficiency frameworks like STANAG 6001 (National Defence
University of Ukraine, 2014) to operational templates — the translation and adaptation of such
documents require strict adherence to standardized terminology.

Thus, it can be concluded that military-doctrinal discourse is a regulated institutional genre
characterized by structural hierarchy, terminological consistency, and conceptual precision. AFDN
25-1 reflects these characteristics through its formal organization, analytical style, and non-directive
but authoritative status. The text combines lexical density, due to specialized terminology and
acronyms, with impersonal syntax in order to communicate efficiently with a professional audience.
These genre and stylistic features shape the character of Al terminology in military documents and
lead directly to the linguistic analysis presented in the following subsection.

Thus, military-doctrinal discourse constitutes a highly regulated and institutionally marked
genre that imposes specific linguistic and functional requirements on the texts it encompasses. Its
principal characteristics — structural hierarchy, terminological precision, conceptual consistency,
and restrained analytical style — are clearly reflected in AFDN 25-1. The document’s formal
organization, combined with its authoritative yet non-directive status, demonstrates how doctrinal
communication balances institutional authority with professional accessibility. The prevalence of
specialized vocabulary, acronyms, and impersonal syntactic constructions ensures efficient
communication with a professional audience while minimizing ambiguity. Ultimately, these genre-
specific features determine the nature and complexity of Al terminology in military documents and
set the analytical framework for the linguistic investigation conducted in the following subsection.

2.2. Linguistic features of Al terminology

The vocabulary related to artificial intelligence in military-doctrinal texts is influenced by two
simultaneous requirements: conceptual accuracy and practical applicability. Within Air Force
Doctrine Note 25-1: Artificial Intelligence, terminology functions as more than a set of labels for new
technologies. It serves to organize professional knowledge, facilitate joint operations, and guide
future military planning. As indicated in the document’s foreword, the Note acts as an explanatory
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resource aimed at improving comprehension rather than serving as a strict directive. Consequently,
terminological clarity is necessary not only for accurate description but also for proper institutional
interpretation (AFDN 25-1, 2025, Foreword, p. i).

Regarding standardization, the definitions provided by ISO/IEC 22989:2022 offer a reliable
methodological foundation for this analysis. The purpose of this international standard is to
systematize Al vocabulary and create a unified framework for professional communication (ISO/IEC,
2022, Clause 1, p. 1). According to the standard, an Al system is defined as an engineered system
that generates outputs on the basis of human-defined goals (ISO/IEC, 2022, Clause 3.1.4, p. 1). This
perspective shifts the focus away from anthropomorphic assumptions and toward system
functionality, outputs, and goal-oriented operation. Furthermore, the standard's Introduction clarifies
that cognitively marked words are used descriptively. Such terms indicate a limited simulation of
specific functions rather than attributing actual human cognition to the machine (ISO/IEC, 2022,
Introduction, p. vii).

Despite this standardized approach, the linguistic makeup of AFDN 25-1 demonstrates that
military doctrine continues to employ vocabulary associated with human cognition. The text
describes Al as a tool that partially simulates cognitive tasks, yet it notes that these systems lack the
capacity for independent critical judgment regarding their outputs (AFDN 25-1, 2025, p. 3).
Consequently, doctrinal Al terminology emerges at the intersection of two linguistic models. One
model utilizes cognition-related terms, such as learning, understanding, and reasoning. The other
model relies on the engineering-oriented vocabulary of datasets, rules, models, and outputs. This dual
nature contributes to the hybrid character of Al terminology in defense discourse and complicates its
translation.

In the analyzed document, the Al lexicon can be classified into three interconnected
categories. The first category is the technical domain, which comprises fundamental computer science
concepts like Machine Learning, Neural Networks, Deep Learning, Large Language Model, and
Computer Vision (AFDN 25-1, 2025, pp. 3-5). The second category represents the operational-
strategic domain, where Al is framed as a military capability through phrases such as Human-
Machine Teaming, Collaborative Combat Aircraft, Autonomous Collaborative Platform, ISR, and
sensor-2-shooter integration (AFDN 25-1, 2025, pp. 5-10). The third category is the administrative-
regulatory domain, encompassing vocabulary related to institutional oversight, ethics, and control,
including Al-fluent force, conditioned data, data poisoning, and the core principles of responsible,
equitable, traceable, reliable, and governable Al (AFDN 25-1, 2025, pp. 11-13). This classification
demonstrates that doctrinal Al terminology is not homogeneous but moves between engineering
description, operational function, and institutional regulation.

Before proceeding to the detailed analysis of terminology, it is necessary to clarify the concept
of a term as used in this study. Various scholars have approached this concept from different angles.
According to Newmark, a term is a standardized lexical unit that denotes a concept within a specific
subject field and ensures precision and consistency of meaning in professional communication
(Newmark, 1988, p. 166). Karaban similarly emphasizes that terms must be unambiguous, systematic,
and functionally appropriate within the specialized discourse to which they belong (Karaban, 2004,
p. 22). Drawing on these perspectives, in this research a term is defined as a specialized lexical unit
that denotes a concept within a specific professional domain and ensures precision and consistency
in communication. This definition encompasses both single-word units and multi-word expressions,
provided they carry a stable, domain-specific meaning.

The classification of Al terminology in this study is based on functional and domain-specific
principles. Terms are grouped according to their role in the discourse: technical (related to core Al
technologies), operational-strategic (related to military application), and administrative-regulatory
(related to governance and institutional control). Additionally, structural and semantic features such
as abbreviation, nominalization, and ambiguity are taken into account when analyzing each
terminological category. This approach allows for a more nuanced understanding of how terminology
functions within the hybrid discourse of military-doctrinal Al documentation.

Another notable characteristic of this vocabulary is a high degree of nominalization and lexical
compression. Military English frequently condenses complex actions into multi-word noun phrases.
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While this method increases the density of information, it reduces explicit grammatical connections.
Examples such as high-speed data processing, predictive maintenance processes, big data analytics,
and cross-domain data fusion illustrate this linguistic pattern (AFDN 25-1, 2025, pp. 1, 5, 8, 10, 12).
Although brevity is common in technical writing, it is particularly prevalent in doctrinal discourse,
where rapid recognition of concepts is required. This structural feature is relevant for translation, as
the Ukrainian language generally requires more explicit syntactic expansion.

Additionally, military-doctrinal discourse extensively utilizes acronyms and abbreviations. In
this environment, shortened forms function as a mechanism of terminological compression and rapid
professional recognition. Abbreviation is identified as a productive mechanism of military term
formation, necessary for linguistic economy and rapid communication (Georgieva, 2015, pp. 39-41).
In NATO-oriented contexts, this practice is also tied to interoperability, as personnel from different
countries must rely on unified designations to avoid misunderstandings (Georgieva, 2015, p. 6; pp.
83-84, 92). In AFDN 25-1, this is evident through the consistent use of acronyms like ML, AGlI,
HMT, NLP, LLM, ISR, and C2, which merge brevity with specific institutional meaning.

A related linguistic aspect is the controlled use of anthropomorphic metaphors. Words such
as vision, learning, reasoning, trust, and confidence linguistically frame Al as a partially intelligible
operational tool. While ISO/IEC 22989:2022 discourages attributing human-like mental states to Al
systems (ISO/IEC, 2022, Introduction, p. vii; Clause 3.1.21, p. 4), AFDN 25-1 retains this wording
for pragmatic reasons. Such metaphors help explain complex algorithms in accessible terms and
support the concept of operational trust within human-machine cooperation (AFDN 25-1, 2025, pp.
6-7).

Within this specific vocabulary, the distinction between automation and autonomy represents
an important semantic boundary. According to the Note, automation is linked to limited, repetitive
tasks, whereas autonomy involves rules-based operation across multiple goals (AFDN 25-1, 2025, p.
5). This differentiation aligns with ISO/IEC 22989:2022, which treats the two concepts separately
based on the degree of system independence and human oversight (ISO/IEC, 2022, Clauses 3.1.5—
3.1.7, pp. 1-2). Although the terms may appear lexically similar, they denote different operational
realities in doctrinal usage, making their careful differentiation essential for accurate translation.

Finally, the terminology in military Al documents is closely connected to the lexical fields of
risk, ethics, and data management. The recurring use of terms such as explainable algorithms, bias
awareness, conditioned data, and authorization to operate (AFDN 25-1, 2025, pp. 11-13)
demonstrates that this discourse goes beyond technical descriptions. It also reflects institutional
concerns regarding security, accountability, and lawful employment. Thus, the terminology performs
both a descriptive and a normative function.

From a translation perspective, these linguistic features create several recurring challenges.
First, translators need to differentiate between terms that are lexically similar but doctrinally distinct
(e.g., automation and autonomy). Second, heavily compressed English noun clusters generally require
syntactic expansion and semantic clarification in Ukrainian. Third, abbreviations present a choice
between localizing the term for readability or retaining the Latin script for interoperability.
Furthermore, anthropomorphic terms require a balanced approach to ensure they fulfill their
explanatory function without overstating the Al's cognitive abilities.

These challenges are closely tied to the risk of semantic ambiguity. A primary example is the
term intelligence, which requires careful contextual differentiation. It may refer either to the
engineering concept of Artificial Intelligence or to the military domain of Intelligence, Surveillance,
and Reconnaissance (ISR) (AFDN 25-1, 2025, pp. 8-10). Similarly, the term bias can cause semantic
distortion if translated mechanically. While it denotes a statistical skew in data science, in the context
of defense ethics, it implies harmful discrimination or unfairness (AFDN 25-1, 2025, pp. 11-12).
These examples demonstrate that the translation of military Al terminology depends not only on
lexical equivalence but also on contextual disambiguation, terminological standardization, and
sensitivity to institutional usage. These issues are examined in greater detail in the following
subsection.

Therefore, Al terminology in military-doctrinal discourse reveals a hybrid linguistic character
shaped by technical, operational, and institutional meanings. Its main features include lexical
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compression, abbreviation, controlled anthropomorphic metaphorization, and semantically sensitive
oppositions such as automation and autonomy. Thus, these characteristics explain why the translation
of such terminology requires not only lexical equivalence but also contextual and doctrinal precision.

In summary, Al terminology in military-doctrinal discourse is characterized by a hybrid
linguistic nature that combines technical, operational, and institutional layers of meaning. The three-
part classification — technical, operational-strategic, and administrative-regulatory — reflects the
multi-functional role of this vocabulary within defense contexts. The predominance of lexical
compression, nominalization, abbreviation, and controlled anthropomorphic metaphors creates
significant challenges for translation into Ukrainian. Furthermore, semantically sensitive oppositions
such as automation and autonomy underscore the importance of contextual interpretation over
mechanical substitution. Taken together, these features confirm that the translation of such
terminology requires not only terminological competence but also doctrinal awareness and sensitivity
to institutional meaning, issues that are addressed in the following subsection.

2.3. The problem of translating Al terminology in military-doctrinal discourse

Translating artificial intelligence vocabulary within military-doctrinal texts involves more
than direct lexical substitution. In documents such as Air Force Doctrine Note 25-1: Artificial
Intelligence, terminological units do not merely identify new technologies. They contribute to
operational understanding, reflect institutional structures, and guide practical application. Therefore,
translating such texts requires attention to semantic accuracy, the specific military register, and
interoperability across military systems and institutions. In contrast to literary translation, where
aesthetic effect is often a priority, the translation of military documents focuses on clarity,
standardization, and terminological responsibility. This institutional and regulatory context makes
defense-related translation a highly specialized field (Byrne, 2006, p. 10).

Recent research on translation technologies notes the dual role of automated tools in this
process. While Al-assisted translation improves speed and efficiency, it frequently encounters
difficulties with cultural nuances, semantic ambiguity, and ethically sensitive material. Due to these
limitations, current academic discussions generally support hybrid translation approaches. In
specialized fields where contextual accuracy and institutional accountability are required, combining
automated processing with human expertise is considered a practical solution (Shahmerdanova, 2025,
pp. 62-64).

Methodologically, this subsection employs the classification of translation techniques
developed by Lucia Molina and Amparo Hurtado Albir. Their functionalist approach allows
translation decisions to be classified at the micro-textual level and interpreted within the broader
functional and pragmatic context of the document (Molina & Hurtado Albir, 2002, pp. 499-510).
Using this model, the analysis examines selected English Al terms alongside their Ukrainian
equivalents, assessing their semantic accuracy, doctrinal relevance, and functional adequacy.

Furthermore, given the hybrid nature of the source text, the evaluation relies on two types of
terminological verification: foundational IT concepts are checked against the Glossary of Al Terms
(Ministry of Digital Transformation of Ukraine, 2021), while military-specific vocabulary is
evaluated according to the standardization guidelines provided in the Multilingual Explanatory
Dictionary of Military Terminology (National Defense University of Ukraine named after lvan
Cherniakhovskyi, 2021).

The practical analysis is based on a corpus of 119 terminological units. To ensure consistency,
each term was assigned one dominant translation technique. In cases where the target text retained an
English acronym but translated its expanded form into Ukrainian, the technique was determined on
the basis of the translated phrase. The retention of the acronym was treated as a standardization choice
rather than as a separate translation technique. This corpus includes core Al engineering concepts,
operational military terms, and administrative vocabulary, enabling a comparison of translation
patterns across different textual layers.



36

Before proceeding to the detailed discussion of individual examples, it is necessary to present
the overall distribution of translation techniques identified in the corpus. Table 2.1 summarizes the
dominant techniques used in rendering Al terminology in AFDN 25-1 and shows their frequency,
representative examples, and functional purpose. This quantitative overview is important because it
reveals not only which solutions were used most often, but also how translation choices were shaped
by the linguistic and doctrinal nature of the source text.

Table 2.1.
Translation techniques used in rendering Al terminology in AFDN 25-1
Technique oNfuchSbeesr Percentage Representative examples  Functional purpose
Machine Learning, Deep Preserves structural
Calque 36 45.6% Learning, Data poisoning, transparency and
Big data analytics engineering meaning
. Airmen,  Service policy, Ensures doctrinal
ESta}bl'Shed 20 25.3% Kinetic and  non-kinetic standardization and
equivalent . . ) -
capabilities, Sortie interoperability
Blue Al, contested Shifts perspective to match
Modulation 7 8.9% environments, sensor-2- Ukrainian military
shooter integration semantics
Al fluent, handover Explicates compressed
Amplification 6 7.6% challenge, crewed-uncrewed English units in analytical
teaming Ukrainian form
predictive maintenance, , .. .
. : .. " Adjusts grammatical form
Transposition 4 5.1% reverse engineer, mission
to target-language norms
assurance
force multiplier, Mission Explains highly specific
Description 3 3.8% Capable Parts, System ofunits lacking  concise
Record equivalents
. Preserves the
Borrowing 2 2.5% AFDNZ Chat ~ Generative recognizability of official
Pretrained Transformer
acronyms and proper names
Generalization 1 1.3% enterprise / enterprise-level Neutralizes unwanted

commercial connotations

See Appendix A for the frequency distribution of translation techniques used in the analyzed corpus.

The quantitative distribution of translation techniques shows which solutions were most
frequently used in the analyzed corpus. The predominance of calque can be explained by the
standardized nature of core Al terminology: structurally close rendering is appropriate when it
preserves referential meaning and follows target-language norms (Newmark, 1988, p. 70). This
approach is also relevant to scientific and technical translation, where accuracy, terminological
consistency, and attention to target-language norms are central requirements (Karaban, 2004). This
is visible in such examples as Machine Learning — mawunne nasuanns, Deep Learning — eauboxe
nasuanns, and Data poisoning — ompyenns oanux. However, qualitative interpretation also requires
attention to the problems that motivated these choices. In this analysis, they are grouped into three
categories: structural compression, semantic ambiguity, and institutional mismatch.

The first category is structural compression. It is typical of English military and technical
discourse, where complex concepts are often condensed into noun clusters or compact attributive
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constructions. In such cases, Ukrainian frequently requires a more explicit syntactic and semantic
structure. Therefore, amplification, description, and transposition become especially relevant.

(1s) Al fluent (AFDN 25-1, 2025, p.10) - (1t) eirbne sonoOinms incmpymenmamu L1

(Parkhomenko, 2026, p. 21).

This example illustrates amplification, since the compact English qualification is expanded
into a clearer Ukrainian construction that directly conveys practical proficiency in using Al tools. The
Ukrainian version makes explicit the idea of practical command of Al instruments, which is only
compressed in the source unit.

(2s) crewed-uncrewed teaming (AFDN 25-1, 2025, p. 9) - (2t) s3aemo0is niromosanux ma

besninomnux cucmem (Parkhomenko, 2026, p. 20).

This case also demonstrates amplification. The English term is a compressed noun cluster,
while the Ukrainian translation unpacks the relation between the elements and clarifies that the term
refers to cooperation between manned and unmanned systems. Such expansion is necessary to
preserve clarity and avoid an overly literal or unclear rendering.

(3s) Mission Capable Parts (AFDN 25-1, 2025, p. 8) - (3t) zanuacmunu, kpumuuni Ons

suxonanms micii (Parkhomenko, 2026, p. 19).

This unit is rendered through description. The source term is a specific military-logistical
expression that does not have a concise and fully established Ukrainian equivalent. Therefore, the
translation explains the function of the term rather than reproducing its structure literally. This
solution corresponds to Baker’s discussion of strategies for dealing with non-equivalence at the word
level, particularly translation by paraphrase, which allows the translator to convey the essential
meaning of a source-language item when a concise target-language equivalent is unavailable (Baker,
2011, pp. 38-40).

(4s) mission assurance (AFDN 25-1, 2025, p. 10) - (4t) capanmysanms suxonamnns 3a60ams

(Parkhomenko, 2026, p. 22).

This example may be classified as transposition, since the grammatical structure of the English
noun phrase is reorganized according to Ukrainian syntactic norms. The Ukrainian version shifts the
abstract compressed English structure into a more natural verbal-nominal construction.

The second category is semantic ambiguity. Semantic ambiguity refers to cases in which a
word, phrase, or sentence may have more than one possible meaning, and such ambiguity can lead to
misunderstanding when contextual cues are insufficient (Siahaan & Damanik, 2025, pp. 179-180).
In such cases, the translator must determine the relevant meaning before selecting the final equivalent.

(5s) Artificial Intelligence (AFDN 25-1, 2025, p. i) - (5t) wumyunuii inmenexm (Parkhomenko,

2026, p. 5, 26).

(6s) Intelligence, Surveillance, and Reconnaissance (AFDN 25-1, 2025, p. 1) - (6t) possioka,

cnocmepedicennst ma pexoenocyuposka (Parkhomenko, 2026, p. 6, 19).

The contrast between examples (5s)—(5t) and (6s)—(6t) demonstrates the problem of semantic
ambiguity. The word intelligence may refer either to the technological concept of Al or to the military
domain of intelligence activity. In Ukrainian, these meanings require different equivalents: inmenexm
/wmyunuil inmenexm in the first case and pozsioka in the second. This example shows that contextual
disambiguation is necessary before applying a translation technique.

(7s) bias (AFDN 25-1, 2025, p. 12) - (7t) ynepeoscenicms (Parkhnomenko, 2026, p. 25).

The term bias may refer to statistical skew in data science, but in the doctrinal discussion of
Al ethics, it is more often connected with unfairness or discriminatory outcomes. Therefore, the
rendering ynepeooicenicms 1S more appropriate in this context than a purely statistical equivalent such
as scye. This case demonstrates the importance of contextual interpretation and may be associated
with modulation, since the translation shifts the focus from a neutral statistical deviation to an ethical
and social risk.

(8s) automation (AFDN 25-1, 2025, p. 5) - (8t) asmomamuszayia (Parkhomenko, 2026, p. 13,

14, 30).

(9s) autonomy (AFDN 25-1, 2025, p. 5) - (9t) aemonomnicms (Parknomenko, 2026, p. 13).

Examples (8s)—(8t) and (9s)—(9t) show a semantically sensitive opposition. Although the
terms may appear close in general usage, in military-doctrinal discourse, they denote different levels



38

of system independence and human oversight. The use of established Ukrainian equivalents helps
preserve this conceptual distinction.

The third category is institutional mismatch. It arises when a formally close equivalent does
not correspond to the institutional or doctrinal conventions of the target language. This problem is
especially relevant in military translation, where terms reflect command structures, service
organization, interoperability requirements, and established military usage.

(10s) Joint policy (AFDN 25-1, 2025, p. i) - (10t) miowceuoosa noaimuxa (Parkhomenko, 2026,
p. 5).

(11s) Service policy (AFDN 25-1, 2025, p. 1) - (11t) noaimuka eudie 36potinux cun

(Parkhomenko, 2026, p. 5).

These examples illustrate the use of an established equivalent. A literal rendering of joint as
006 'eonanuil OF Service as cepsicnuil / ciyacoosuni would distort the institutional meaning of the source
terms. The selected Ukrainian variants are more appropriate because they reflect the doctrinal
distinction between inter-service policy and policy of separate branches of the armed forces.

(12s) Airmen (AFDN 25-1, 2025, p. i) - (12t) asiamopu (Parkhomenko, 2026, p. 9).

This example also belongs to an established equivalent. The chosen translation preserves the

institutional meaning of personnel belonging to the Air Force context. A transliterated or

overly literal version would be less suitable for Ukrainian military-professional discourse.

(13s) Blue Al (AFDN 25-1, 2025, p. 12) - (13t) éracni cucmemu 111 (Parkhomenko, 2026, p.
26).

This example demonstrates modulation. In military discourse, blue does not denote colour but refers
to friendly or own forces. Therefore, the Ukrainian translation shifts the perspective from the literal
colour meaning to the operational meaning of “own” systems.

(14s) “sensor-2-shooter” integration (AFDN 25-1, 2025, p. 8) - (14t) inmezpayis yuxny «8io

susienenns 0o ypasicennsy (Parkhomenko, 2026, p. 18).

This case is also best classified as modulation. A literal equivalent, such as cercop — cmpineys,
would be too narrow and person-oriented, while the chosen Ukrainian version reflects the operational
logic of the strike chain. The translation conveys the functional relation between detection and
engagement rather than reproducing the surface form of the English expression.

(15s) enterprise / enterprise-level (AFDN 25-1, 2025, p. 10) - (15t) idomcmeo /
3aeanvrosioomuozo pisus (Parkhomenko, 2026, p. 9, 22).

This example illustrates generalization. A literal equivalent, such as kopnopamusnuii, would
introduce inappropriate commercial associations into a military-administrative context. The
Ukrainian rendering broadens the meaning and adapts it to the institutional logic of defense discourse.

(16s) AFDN, ISR, C2 (AFDN 25-1, 2025, p. i, 1, 7) - (16t) AFDN, ISR, C2 (Parkhomenko,

2026, p. 5, 6, 17).

A separate issue in the translation of Al and military terminology concerns abbreviations and
acronyms. Since the source text contains internationally recognized forms such as Al, ML, ISR, C2,
NLP, LLM, CV, CCA, and ACP, they were generally preserved in the Ukrainian translation after the
first explanatory mention. The retention of these abbreviations may be interpreted as borrowing or
controlled retention of source-language forms. This solution is justified by the need to preserve
terminological precision, recognizability, documentary identity, and interoperability in military-
professional communication. At the same time, the first occurrence of each abbreviation was
accompanied by a full Ukrainian equivalent or explanation in order to make the translation accessible
to the target reader.

Thus, the analysis of translation problems demonstrates that translation techniques are not
applied mechanically. Each technique responds to a specific type of difficulty: amplification,
description, and transposition address structural compression; established equivalent and modulation
help resolve semantic ambiguity; and established equivalent, modulation, generalization, and
borrowing are used to overcome institutional mismatch. Therefore, the translation of Al terminology
in military-doctrinal discourse should be understood as a problem-oriented process in which the
choice of technique depends on the linguistic structure, doctrinal meaning, and Ukrainian military
context of each term.
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Table 2.2.
Problem-based comparison of selected translation alternatives

Problem Source term Chosen translation Rejecteo_l Justification
category alternative
In this context, the term refers
Semantic intelligence in o36i0Ka menexm to military intelligence
ambiguity ISR p " gathering, not cognitive ability
or Al.
In Al ethics, the term refers to
Semantic bias eDedCeHICE seve unfair ~ or  discriminatory
ambiguity ynep 4 outcomes rather than only
statistical deviation.
[ The chosen version explains
Structural Mission . boeczomosi  the logistical function of the
. Kpumu4dHi JIA . .
compression Capable Parts o sanuacmunu  term and avoids narrowing the
6UKOHAHHA MICl1 -
meaning.
. , The chosen equivalent reflects
Institutional . . . . 00 ’eonana . . .
. Joint policy  wmidiceuooea nonimuxa . Inter-service cooperation
mismatch nonimuka . "
rather than general “jointness.
The term blue refers to one's
In_stltutlonal Blue Al snacni cucmen I Opyoreniti LI own/friendly forces in m|I_|tary
mismatch usage, not emotional
“friendliness.”
SeNSOr-2- mespauis . The chosen translation reflects
Institutional ieepau HUIEY cencop —the operational strike chain
. shooter «BI0  BUABNEHHS OO . .
mismatch cmpineyb rather than a person-oriented

Integration  ypaorxcenuar literal rendering.

These alternatives indicate that a translator must evaluate not only lexical similarity, but also
the doctrinal and institutional function of each term. For example, translating sensor-2-shooter
integration literally as cencop — cmpineys narrows the operational meaning of the term, while
misinterpreting Joint policy or Service policy may distort the representation of military organization
in the target text. Therefore, the comparison of alternatives confirms that semantic ambiguity,
structural compression, and institutional mismatch are not isolated difficulties, but recurring patterns
that directly influence the choice of translation techniques.

The relevance of such translation choices becomes especially evident in the Ukrainian context.
As the Armed Forces of Ukraine (AFU) continue their transition toward NATO standards, including
the linguistic framework of STANAG 6001, terminological consistency is not only a linguistic issue
but also a practical one (National Defence University of Ukraine, 2014). The rendering of military
and Al-related terminology into Ukrainian should therefore take into account not only semantic
accuracy, but also interoperability, institutional usage, and the broader needs of defense
communication in Ukraine.

Consequently, it can be concluded that the translation of Al terminology is a complex
interpretative task. The effectiveness of the target text depends on the translator’s ability to balance
IT standardization, military-doctrinal accuracy, and the specific institutional requirements of the
Ukrainian defense sector through the purposeful application of various translation techniques.

To summarize, the analysis of translation problems in the corpus confirms that the rendering
of Al terminology in military-doctrinal discourse is a purposeful, problem-oriented process rather
than a mechanical operation. Three recurring categories of difficulty — structural compression,
semantic ambiguity, and institutional mismatch — determine the choice of translation technique in
each case. Calque and established equivalent predominate due to the standardized character of Al and
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military vocabulary, while modulation, amplification, transposition, description, borrowing, and
generalization address specific linguistic and institutional challenges. The relevance of these
observations extends beyond purely academic concerns: as the Armed Forces of Ukraine continue
their alignment with NATO standards, consistent and contextually accurate translation of defense-
related Al terminology becomes an operational as well as a terminological necessity. Consequently,
the translator of such texts must function not only as a linguistic mediator but also as a knowledgeable
interpreter of doctrinal and institutional meaning.
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Conclusions

The present translation project was devoted to the English-Ukrainian translation of Air Force
Doctrine Note 25-1: Artificial Intelligence and the analysis of Al terminology in military-doctrinal
discourse. The project aimed to produce an adequate Ukrainian translation of the selected doctrinal
document and to examine the main theoretical and practical aspects of rendering Al-related and
military terminology into Ukrainian.

The study has shown that military-doctrinal discourse is a regulated institutional genre
characterized by structural hierarchy, conceptual precision, terminological consistency, and a
restrained analytical style. Unlike general technical texts, doctrinal documents not only describe
technologies but also place them within the framework of military planning, command, policy,
responsibility, and operational application. Therefore, the translation of such texts requires not only
linguistic accuracy but also awareness of institutional and doctrinal context.

The analysis of AFDN 25-1 demonstrated that Al terminology in military-doctrinal discourse
has a hybrid character. It combines technical Al vocabulary, operational military terminology, and
administrative-regulatory units. The main linguistic features of the analyzed terminology include
compressed noun clusters, abbreviations, nominalization, controlled anthropomorphic vocabulary,
and semantically sensitive distinctions such as automation and autonomy. These features create
specific translation difficulties and require careful contextual interpretation.

The practical analysis was based on 119 selected terminological units. The most frequent
translation techniques were calque and established equivalent, which reflect the standardized nature
of both Al and military terminology. At the same time, modulation, amplification, transposition,
description, borrowing, and generalization were also used when direct rendering was insufficient.
The translation problems identified in the corpus were grouped into three main categories: structural
compression, semantic ambiguity, and institutional mismatch. Structural compression was mainly
resolved through amplification, description, and transposition; semantic ambiguity required
contextual disambiguation; and institutional mismatch was addressed through established
equivalents, modulation, generalization, or borrowing.

The study also confirmed the relevance of the Ukrainian context. In the conditions of the
Armed Forces of Ukraine’s adaptation to NATO standards and the growing importance of defense-
related translation, terminological consistency becomes not only a linguistic requirement but also a
practical necessity. Thus, the translation of Al terminology in military-doctrinal discourse should be
understood not as simple lexical substitution, but as a process of terminological interpretation that
requires semantic accuracy, doctrinal awareness, interoperability, and functional adequacy.
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Appendix A.

Frequency distribution of translation techniques
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Appendix B.

Classification of translation problems in rendering Al terminology

m Structural compression = [nstitutional mismatch = Semantic ambiguity
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