
qȹφȹʀȹεʤεἋȹεἋ ăἋƾϠ̓φ˯̼ʤε

ƾ˯˜ȹ̓Ἃßȹ˯



ᴜ ǙΡȹ̓ε˅͔Ρ̼ʤΡἋ Ρʈ˜˯φʤʈφϠΡʤ

f͔ΡʤἋʈ͔̼Θ͔̓ʤ̓φεᶻἋȹφφʤ̓φ˯͔̓Ἃ̼ʤʈ˜ȹ̓˯ε̼εᶻἋȹ̓ʓἋ

̼ȹφ˜ʤ̼ȹφ˯ʈȹ̞Ἃ˅͔Ϡ̓ʓȹφ˯͔̓εᶻἋʤЮȹ̼Θ̞ʤ

ᴝ ŗŗȹŢ Ἃ Ρʈ˜˯φʤʈφϠΡʤ

Ρʈ˜˯φʤʈφϠΡȹ̞Ἃ˯͔̓̓Сȹφ˯͔̓εἋȹ̓ʓἋ̕ʤгἋʓ˯˅˅ʤΡʤ̓ʈʤεἋ˅Ρ͔̼Ἃ

εφȹ̓ʓȹΡʓἋǙΡȹ̓ε˅͔Ρ̼ʤΡε

ᴟ Ţ˯ЮφϠΡʤἋ͔˅Ἃ|ЮΘʤΡφε

ǙΡȹʓ˯φ˯͔̓ȹ̞ἋŢ͔|Ἃ˯̓ἋφΡȹ̓ε˅͔Ρ̼ʤΡᶻἋqʤʤΘǋʤʤ̕Ţ͔|

ᴠ qȹφȹʀȹεʤεἋȹεἋ ăἋƾϠ̓φ˯̼ʤε

ǋʤΡС˯̓ːἋŗȹΡːʤἋŗȹ̓ːϠȹːʤἋŢ͔ʓʤ̞εἋХ˯φ˜ἋǋƼŗἋ͔̓Ἃŗ͔Хᶑ

ƾʤε͔ϠΡʈʤἋßȹΡʓХȹΡʤ

ːʤ̓ʓȹ
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ƵȹΡφἋă᷀ἋǙΡȹ̓ε˅͔Ρ̼ʤΡἋ
Ρʈ˜˯φʤʈφϠΡʤ
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ǙΡȹ̓ε˅͔Ρ̼ʤΡἋ Ρʈ˜˯φʤʈφϠΡʤ
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|̓ʈ͔ʓʤΡἋǋφȹʈ̕ᶿ

ᶖ ŪἋ˯ʓʤ̓φ˯ʈȹ̞Ἃ̞ȹгʤΡεἋᶄŪḎᴣἋ˯̓Ἃ͔Ρ˯ː˯̓ȹ̞ἋΘȹΘʤΡᵼ

ᶖ |ȹʈ˜Ἃ̞ȹгʤΡἋ˜ȹεἋφХ͔ἋεϠʀᶑ̞ ȹгʤΡεᶿ

ᶖ ŢϠ̞φ˯ᶑ̃ ʤȹʓἋεʤ̞˅ᶑȹφφʤ̓φ˯͔̼̓ʤʈ˜ȹ̓˯ε̼

ᶖ Ƶ͔ε˯φ˯͔̓ᶑХ˯εʤἋ˅Ϡ̞̞гἋʈ͔̓̓ʤʈφʤʓἋ˅ʤʤʓᶑ˅ ͔ΡХȹΡʓἋ̓ʤφХ͔Ρ̕

ᶖ ƾʤε˯ʓϠȹ̞Ἃʈ͔̓̓ʤʈφ˯͔̓ἋȹΡ͔Ϡ̓ʓἋʤȹʈ˜ἋεϠʀᶑ̞ ȹгʤΡ

ᶖ ŗȹгʤΡἋ͔̓Ρ̼ȹ̞˯ыȹφ˯͔̓Ἃȹ˅φʤΡἋʤȹʈ˜ἋΡʤε˯ʓϠȹ̞Ἃʈ͔̓̓ʤʈφ˯͔̓

qʤʈ͔ʓʤΡἋǋφȹʈ̕ᶿ

ᶖ ŪἋ˯ʓʤ̓φ˯ʈȹ̞Ἃ̞ȹгʤΡεἋᶄŪḎᴣἋ˯̓Ἃ͔Ρ˯ː˯̓ȹ̞ἋΘȹΘʤΡᵼ

ᶖ |ȹʈ˜Ἃ̞ȹгʤΡἋ˜ȹεἋφ˜ΡʤʤεϠʀᶑ̞ ȹгʤΡεᶿ

ᶖ Ţȹε̕ʤʓ̼Ϡ̞φ˯ᶑ̃ ʤȹʓἋεʤ̞˅ᶑȹφφʤ̓φ˯͔̓

ᶖ ŢϠ̞φ˯ᶑ̃ ʤȹʓἋȹφφʤ̓φ˯͔̓Ἃ͔СʤΡἋʤ̓ʈ͔ʓʤΡἋ͔ϠφΘϠφ

ᶖ Ƶ͔ε˯φ˯͔̓ᶑХ˯εʤἋ˅ʤʤʓᶑ˅ ͔ΡХȹΡʓἋ̓ʤφХ͔Ρ̕

ᶖ ƾʤε˯ʓϠȹ̞Ἃʈ͔̓̓ʤʈφ˯͔̓εἋȹ̓ʓἋ̞ȹгʤΡἋ͔̓Ρ̼ȹ̞˯ыȹφ˯͔̓

ǙΡȹ̓ε˅͔Ρ̼ʤΡἋ Ρʈ˜˯φʤʈφϠΡʤᶿἋſСʤΡС˯ʤХ
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ᴜ

|̼ʀʤʓʓ˯̓ːἋŗȹгʤΡε

f͔̓СʤΡφἋφ͔̕ʤ̓εἋφ͔Ἃʓʤ̓εʤἋСʤʈφ͔ΡἋ

ΡʤΘΡʤεʤ̓φȹφ˯͔̓εἋ͔˅Ἃʓ˯̼ʤ̓ε˯͔̓Ἃ

ʓ̼͔ʓʤ̞ἋᶄᴡᴜᴝἋ˯̓Ἃ͔Ρ˯ː˯̓ȹ̞ᵼ

ᴝ

Ƶ͔ε˯φ˯͔̓ȹ̞Ἃ|̓ʈ͔ʓ˯̓ː

ᴟ

ŢϠ̞φ˯ᶑßʤȹʓἋ φφʤ̓φ˯͔̓

̞̞͔ХεἋ̼͔ʓʤ̞Ἃφ͔Ἃ͔̍˯̓φ̞гἋȹφφʤ̓ʓἋφ͔Ἃ

˯̓˅͔Ρ̼ȹφ˯͔̓Ἃ˅Ρ͔̼Ἃʓ˯˅˅ʤΡʤ̓φἋ

ΡʤΘΡʤεʤ̓φȹφ˯͔̓ἋεϠʀεΘȹʈʤε

ᴠ

ÇʤʤʓᶑÇ͔ΡХȹΡʓἋŪʤφХ͔Ρ̕ε

ᴡ

ƾʤε˯ʓϠȹ̞Ἃf͔̓̓ʤʈφ˯͔̓εἋᵯἋŗȹгʤΡἋŪ͔Ρ̼ȹ̞˯ыȹφ˯͔̓

ᴣ

ōʤгἋf͔̼Θ͔̓ʤ̓φεἋ͔˅ἋǙΡȹ̓ε˅͔Ρ̼ʤΡ
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Ǚ˜ʤἋʀȹε˯ʈἋȹφφʤ̓φ˯͔̓Ἃ̼ʤʈ˜ȹ̓˯ε̼Ἃ˯̓ἋǙΡȹ̓ε˅͔Ρ̼ʤΡεᶿ

ȉ˜ʤΡʤᶿ

ᶖ Ƽθ ἋƼϠʤΡгἋ̼ȹφΡ˯ЮἋ͔˅Ἃε˜ȹΘʤᶼἋƾʤΘΡʤεʤ̓φεἋφ˜ʤἋʈϠΡΡʤ̓φἋʤ̞ʤ̼ʤ̓φἋʀʤ˯̓ːἋΘΡ͔ʈʤεεʤʓᶼ

ᶖ ōθ ἋōʤгεἋ̼ȹφΡ˯ЮἋ͔˅Ἃε˜ȹΘʤᶼἋƾʤΘΡʤεʤ̓φεἋȹ̞̞Ἃʤ̞ʤ̼ʤ̓φεἋ˯̓Ἃφ˜ʤἋεʤΞϠʤ̓ʈʤἋφ˜ȹφἋφ˜ʤἋΞϠʤΡгἋ̼˯ː˜φἋȹφφʤ̓ʓἋφ͔ᶼ

ᶖ Ȇθ ἋȆȹ̞ϠʤεἋ̼ȹφΡ˯ЮἋ͔˅Ἃε˜ȹΘʤᶼἋf͔̓φȹ˯̓εἋφ˜ʤἋȹʈφϠȹ̞Ἃ˯̓˅͔Ρ̼ȹφ˯͔̓Ἃȹεε͔ʈ˯ȹφʤʓἋХ˯φ˜Ἃʤȹʈ˜Ἃ̕ʤгᶼ

Ɇ ὨᶿἋŢ͔ʓʤ̞Ἃʓ˯̼ʤ̓ε˯͔̓Ἃᵻφ˜ʤἋʓ˯̼ʤ̓ε˯͔̓Ἃ͔˅Ἃφ˜ʤἋ̕ʤгεᵼᶼἋǦεʤʓἋ˅͔ΡἋεʈȹ̞˯̓ːἋφ͔ἋΘΡʤСʤ̓φἋφ˜ʤἋʓ͔φἋΘΡ͔ʓϠʈφεἋ˅Ρ͔̼Ἃʀʤʈ͔̼˯̓ːἋφ͔͔Ἃ̞ȹΡːʤἋ

ȹ̓ʓἋΘϠε˜˯̓ːἋφ˜ʤἋε͔˅φ̼ȹЮἋ˯̓φ͔ἋΡʤː˯͔̓εἋХ˯φ˜ἋʤЮφΡʤ̼ʤ̞гἋε̼ȹ̞̞ἋːΡȹʓ˯ʤ̓φεᶼ

ᴜᴛ

ǋʈȹ̞ʤʓἋq͔φᶑƵΡ͔ʓϠʈφἋ φφʤ̓φ˯͔̓
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ǋʤ̞˅ᶑ φφʤ̓φ˯͔̓ᶿἋǋφʤΘᶑʀгᶑǋφʤΘἋ
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ă̓εφʤȹʓἋ͔˅ἋΘʤΡ˅͔Ρ̼˯̓ːἋȹἋε˯̓ː̞ʤἋȹφφʤ̓φ˯͔̓Ἃ˅Ϡ̓ʈφ˯͔̓ᶻἋφ˜ʤἋǙΡȹ̓ε˅͔Ρ̼ʤΡἋϠεʤεἋ̼Ϡ̞φ˯Θ̞ʤἋ

ȹφφʤ̓φ˯͔̓Ἃ˜ʤȹʓεἋ˯̓ἋΘȹΡȹ̞̞ʤ̞ᶿ

ă̓Ἃφ˜ʤἋ͔Ρ˯ː˯̓ȹ̞ἋΘȹΘʤΡᶿἋʽỦḁἋᴥᶻἋὨ ḁἋᴡᴜᴝᶻἋὨ ᶯὨ ḁἋ ḁἋᴣᴠ

ᴜᴝ

ŢϠ̞φ˯ᶑßʤȹʓἋ φφʤ̓φ˯͔̓
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Input embedding

|Юȹ̼Θ̞ʤ

19



Positional encoding
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|Юȹ̼Θ̞ʤ



Positional encoding
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|Юȹ̼Θ̞ʤ



Self-Attention
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|Юȹ̼Θ̞ʤ



Self-Attention
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|Юȹ̼Θ̞ʤ



Multi-head Attention
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|Юȹ̼Θ̞ʤ



ᴜᴥ

ǋϠ̼̼ȹΡгᶿἋǙΡȹ̓ε˅͔Ρ̼ʤΡἋ Ρʈ˜˯φʤʈφϠΡʤ
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ƵȹΡφἋăă᷀ἋŗŗȹŢ Ἃ Ρʈ˜˯φʤʈφϠΡʤ
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ŗ̞ȹ̼ȹἋᴜἋᶄᴝᴛᴝᴟᶅ

ᶖ ^ȹεʤἋφΡȹ̓ε˅͔Ρ̼ʤΡἋХ˯φ˜ἋƾŢǋŪ͔Ρ̼

ᶖ ǋХ˯ËŗǦἋȹʈφ˯Сȹφ˯͔̓ε

ᶖ ƾ͔φȹΡгἋΘ͔ε˯φ˯͔̓ȹ̞Ἃʤ̼ʀʤʓʓ˯̓ːεἋᶄƾ͔Ƶ|ᶅ

ᶖ ᴤ^Ἃφ͔Ἃᴣᴡ^ἋΘȹΡȹ̼ʤφʤΡε

ᶖ f͔̓φʤЮφἋ̞ʤ̓ːφ˜ᶿἋᴝᴛᴠᴥἋφ͔̕ʤ̓ε

ŗ̞ȹ̼ȹἋᴝἋᶄᴝᴛᴝᴟᶅ

ᶖ ËΡ͔ϠΘʤʓᶑΞϠʤΡгἋȹφφʤ̓φ˯͔̓ἋᶄËƼ ᶅ

ᶖ ă̼ΘΡ͔СʤʓἋΘΡʤφΡȹ˯̓˯̓ːἋ̼˯ЮφϠΡʤ

ᶖ ᴤ^Ἃφ͔Ἃᴤᴛ^ἋΘȹΡȹ̼ʤφʤΡε

ᶖ f͔̓φʤЮφἋ̞ʤ̓ːφ˜ᶿἋᴠᴛᴦᴣἋφ͔̕ʤ̓ε

ᶖ ƾʤ˯̓˅͔Ρʈʤ̼ʤ̓φἋŗʤȹΡ̓˯̓ːἋ˅Ρ͔̼ἋßϠ̼ȹ̓Ἃ

Çʤʤʓʀȹʈ̕Ἃȹ̞˯ː̼̓ʤ̓φ

ŗ̞ȹ̼ȹἋᴟἋᶄᴝᴛᴝᴠᶅ

ᶖ ʓСȹ̓ʈʤʓἋφ͔̕ʤ̓˯ыʤΡἋᶄᴜᴝᴥōἋС͔ʈȹʀᵼ

ᶖ ᴥ^ᶻἋᴤᴛ^ᶻἋᴠᴛᴡ^ἋΘȹΡȹ̼ʤφʤΡε

ᶖ f͔̓φʤЮφἋ̞ʤ̓ːφ˜ᶿἋϠΘἋφ͔ἋᴥōἋφ͔̕ʤ̓εἋᵻ˅͔ΡἋΡʤ̞ʤȹεʤʓἋ

̼͔ʓʤ̞εᵼ

ᶖ ß˯ːᶑ̃ΞϠȹ̞˯φгἋΘΡʤφΡȹ˯̓˯̓ːἋʓȹφȹἋᶄᴜᴡǙἋφ͔̕ʤ̓εᵼ

и Post-training: Supervised Finetuning + 

Reinforcement Learning from Human Feedback 

alignment

Ρʈ˜˯φʤʈφϠΡȹ̞Ἃă͔̓̓Сȹφ˯͔̓ε

f͔̓ε˯εφʤ̓φἋφΡȹ̓ε˅͔Ρ̼ʤΡἋʈ͔ΡʤἋᶄƾŢǋŪ͔Ρ̼ᶻἋǋХ˯ËŗǦᶻἋƾ͔Ƶ|ᶅᶼἋŗ̞ȹ̼ȹᶑᴝἋȹʓʓεἋ

ËƼ Ἃᵻ͔̓φȹʀ̞гἋȹφἋᴤᴛ̂ᶅᶼἋŗ̞ȹ̼ȹᶑᴟἋ˅͔ʈϠεʤεἋ͔̓Ἃφ͔̕ʤ̓˯ыȹφ˯͔̓Ἃʤ˅˅˯ʈ˯ʤ̓ʈгἋȹ̓ʓἋ

φΡȹ˯̓˯̓ːᶑʓȹφȹἋεʈȹ̞ʤἋ˅͔ΡἋʀʤφφʤΡἋΘȹΡȹ̼ʤφʤΡἋʤ˅˅˯ʈ˯ʤ̓ʈгᶼ

ǙΡȹ˯̓˯̓ːἋŢʤφ˜͔ʓ͔̞͔ːг
̞̞Ἃːʤ̓ʤΡȹφ˯͔̓εἋϠεʤἋʈȹϠεȹ̞Ἃ̓ʤЮφᶑφ͔̕ʤ̓ἋΘΡʤφΡȹ˯̓˯̓ːᶼἋŗ̞ȹ̼ȹᶑᴝἋȹ̓ʓἋŗ̞ȹ̼ȹᶑᴟἋ

ȹʓʓἋ˯̓εφΡϠʈφ˯͔̓ἋφϠ̓˯̓ːἋȹ̓ʓἋΘΡʤ˅ʤΡʤ̓ʈʤᶑʀȹεʤʓἋȹ̞˯ː̼̓ʤ̓φἋᵻʤᶼːᶼᶻἋƾŗßÇᶅᶼἋ

ŗ̞ȹ̼ȹᶑᴟἋεʈȹ̞ʤεἋΘΡʤφΡȹ˯̓˯̓ːἋφ͔ἋḖᴜᴡǙἋφ͔̕ʤ̓εἋȹ̓ʓἋ˯̓φΡ͔ʓϠʈʤεἋȹἋ̼͔ΡʤἋ

ʤ˅˅˯ʈ˯ʤ̓φἋᴜᴝᴥōᶑС͔ʈȹʀἋφ͔̕ʤ̓˯ыʤΡᶼ

qϠʀʤгᶻἋ ʀ˜˯̼ȹ̓гϠᶻἋʤφἋȹ̞ᶼἋᶫǙ˜ʤἋ̞̞ȹ̼ȹἋᴟἋ˜ʤΡʓἋ͔˅Ἃ̼͔ʓʤ̞εᶼᶫἋȹΡȐ˯СἋʤᶑΘΡ˯̓φεἋᶄᴝᴛᴝᴠᶅ᷀ἋȹΡȐ˯Сᶑᴝᴠᴛᴤʐ

|С͔̞Ϡφ˯͔̓ᶿἋŗ̞ȹ̼ȹἋᴜἋὃἋŗ̞ȹ̼ȹἋᴝἋὃἋŗ̞ȹ̼ȹἋᴟ

29
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ǙΡȹ̓ε˅͔Ρ̼ʤΡ ŗŗȹŢ

ŗŗȹŢ᷀ Ἃ Ρʈ˜˯φʤʈφϠΡʤἋ|С͔̞Ϡφ˯͔̓

31



|˅˅˯ʈ˯ʤ̓ʈгἋſΘφ˯̼˯ыȹφ˯͔̓ε

ËΡ͔ϠΘʤʓἋŢϠ̞φ˯ᶑƼϠʤΡгἋ φφʤ̓φ˯͔̓Ἃ
ᶄËƼ ᶅ

Ἃ˜гʀΡ˯ʓἋȹφφʤ̓φ˯͔̓Ἃ̼ʤʈ˜ȹ̓˯ε̼Ἃʀȹ̞ȹ̓ʈ˯̓ːἋ

ŢϠ̞φ˯ᶑßʤȹʓἋ φφʤ̓φ˯͔̓ᶪεἋΞϠȹ̞˯φгἋХ˯φ˜ἋŢϠ̞φ˯ᶑ

ƼϠʤΡгἋ φφʤ̓φ˯͔̓ᶪεἋεΘʤʤʓἋʀгἋːΡ͔ϠΘ˯̓ːἋ

˜ʤȹʓεἋ˅͔ΡἋε˜ȹΡʤʓἋōʤгᶍȆȹ̞ϠʤἋΘΡ͔̍ʤʈφ˯͔̓εᶻἋ

ΡʤʓϠʈ˯̓ːἋ̼ʤ̼͔ΡгἋȹ̓ʓἋ˯̼ΘΡ͔С˯̓ːἋ

˯̓˅ʤΡʤ̓ʈʤᶼ

ōȆἋfȹʈ˜ʤἋſΘφ˯̼˯ыȹφ˯͔̓

ǋφ͔ΡʤεἋΘΡʤᶑʈ͔̼ΘϠφʤʓἋōʤгἋᶄōᵼἋȹ̓ʓἋȆȹ̞ϠʤἋ

ᶄȆᵼἋΘΡ͔̍ʤʈφ˯͔̓εἋ͔˅ἋΘΡʤС˯͔ϠεἋφ͔̕ʤ̓εἋφ͔Ἃ

εΘʤʤʓἋϠΘἋȹϠφ͔ΡʤːΡʤεε˯СʤἋʓʤʈ͔ʓ˯̓ːᶻἋ

ε˯ː̓˯˅˯ʈȹ̓φ̞гἋΡʤʓϠʈ˯̓ːἋΡʤᶑʈ͔̼ΘϠφȹφ˯͔̓Ἃȹ̓ʓἋ

̼ʤ̼͔ΡгἋʀȹ̓ʓХ˯ʓφ˜ἋʓϠΡ˯̓ːἋ˯̓˅ʤΡʤ̓ʈʤᶼ

ōʤгἋ Ρʈ˜˯φʤʈφϠΡȹ̞ἋŢ͔ʓ˯˅˯ʈȹφ˯͔̓ε

ŢʤφȹᶪεἋŗ̞ȹ̼ȹἋ̼͔ʓʤ̞εἋȹʓСȹ̓ʈʤἋφ˜ʤἋφΡȹ̓ε˅͔Ρ̼ʤΡἋȹΡʈ˜˯φʤʈφϠΡʤἋХ˯φ˜Ἃφ˜ʤεʤἋ̕ʤгἋ̼͔ʓ˯˅˯ʈȹφ˯͔̓εᶿ

ǋХ˯ËŗǦἋ ʈφ˯Сȹφ˯͔̓

ƾʤΘ̞ȹʈʤεἋƾʤŗǦἋХ˯φ˜ἋǋХ˯ËŗǦἋ˯̓Ἃ˅ʤʤʓᶑ˅ ͔ΡХȹΡʓἋ̓ʤφХ͔Ρ̕εᶿ

ȉ˜ʤΡʤἋӣ˯εἋφ˜ʤἋε˯ː̼͔˯ʓἋ˅Ϡ̓ʈφ˯͔̓

ƾ͔φȹΡгἋƵ͔ε˯φ˯͔̓Ἃ|̼ʀʤʓʓ˯̓ːεἋᶄƾ͔Ƶ|ᶅ

|̓ʈ͔ʓʤεἋȹʀε͔̞ϠφʤἋΘ͔ε˯φ˯͔̓ȹ̞Ἃ˯̓˅͔Ρ̼ȹφ˯͔̓ἋХ˯φ˜ἋΡʤ̞ȹφ˯СʤἋ

ȹφφʤ̓φ˯͔̓Ἃʀ˯ȹεᶿ

ƵΡʤᶑ̓ ͔Ρ̼ȹ̞˯ыȹφ˯͔̓

ǦεʤεἋƾŢǋŪ͔Ρ̼Ἃʀʤ˅͔ΡʤἋȹφφʤ̓φ˯͔̓Ἃȹ̓ʓἋÇÇŪᶻἋΡȹφ˜ʤΡἋφ˜ȹ̓Ἃ

Θ͔εφᶑ̓ ͔Ρ̼ȹ̞˯ыȹφ˯͔̓ᶿ

ŗ̞ȹ̼ȹᶿἋ Ρʈ˜˯φʤʈφϠΡʤἋ|С͔̞Ϡφ˯͔̓

32



ËΡ͔ϠΘʤʓἋŢϠ̞φ˯ᶑƼϠʤΡгἋ φφʤ̓φ˯͔̓ἋᶄËƼ ᶅἋ

34



Ǚ˜ʤἋȹφφʤ̓φ˯͔̓Ἃ̼ʤʈ˜ȹ̓˯ε̼Ἃ˅͔ΡἋʤȹʈ˜ἋΞϠʤΡгἋ˜ʤȹʓἋὬ εφ˯̞̞Ἃ˅͔̞̞͔ХεἋφ˜ʤἋεφȹ̓ʓȹΡʓἋεʈȹ̞ʤʓἋ

ʓ͔φᶑΘΡ͔ʓϠʈφἋȹφφʤ̓φ˯͔̓ᶼἋß͔ХʤСʤΡᶻἋ˅͔ΡἋȹἋː˯Сʤ̓ἋΞϠʤΡгἋ˜ʤȹʓἋὗ ᶻἋ˯φεἋʈ͔ΡΡʤεΘ͔̓ʓ˯̓ːἋōʤгἋ

ὑ ȹ̓ʓἋȆȹ̞ϠʤἋὠ ΘΡ͔̍ʤʈφ˯͔̓εἋȹΡʤἋε˜ȹΡʤʓἋХ˯φ˜ἋËᵾ͔ײ φ˜ʤΡἋΞϠʤΡгἋ˜ʤȹʓεἋХ˯φ˜˯̓Ἃ˯φεἋ

ːΡ͔ϠΘᶼἋǋΘʤʈ˯˅˯ʈȹ̞̞гᶻἋ˯˅ἋȹἋΞϠʤΡгἋ˜ʤȹʓἋʽ᷆ʀʹʤ̞͔̓ːεἋφ͔ἋːΡ͔ϠΘἋːzἋ˯φἋХ˯̞̞ἋϠεʤἋφ˜ʤἋᶑːφ˜Ἃ

ε˜ȹΡʤʓἋōʤгἋȹ̓ʓἋȆȹ̞ϠʤἋ˜ʤȹʓεᶻἋὑȹ̓ʓἋὠ

ȉ˜ʤΡʤᶿ

Ǚ˜ʤἋ͔ϠφΘϠφεἋ˅Ρ͔̼Ἃȹ̞̞ἋὌ ȹφφʤ̓φ˯͔̓Ἃ˜ʤȹʓεἋȹΡʤἋφ˜ʤ̓Ἃ

ʈ͔̓ʈȹφʤ̓ȹφʤʓἋȹ̓ʓἋ̞˯̓ʤȹΡ̞гἋΘΡ͔̍ʤʈφʤʓᶻἋε˯̼˯̞ȹΡἋφ͔ἋŢϠ̞φ˯ᶑ

ßʤȹʓἋ φφʤ̓φ˯͔̓ᶼ

ËΡ͔ϠΘʤʓἋŢϠ̞φ˯ᶑƼϠʤΡгἋ φφʤ̓φ˯͔̓ἋᶄËƼ ᶅ
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ȉ˜гἋōȆἋfȹʈ˜ʤᶿἋ|Юȹ̼Θ̞ʤ

38

Next Token Prediction Task: Inference
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Next Token Prediction Task: Inference

ȉ˜гἋōȆἋfȹʈ˜ʤᶿἋ|Юȹ̼Θ̞ʤ
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Next Token Prediction Task: Inference

ȉ˜гἋōȆἋfȹʈ˜ʤᶿἋ|Юȹ̼Θ̞ʤ
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ȉ˜гἋōȆἋfȹʈ˜ʤᶿἋ|Юȹ̼Θ̞ʤ
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ȉ˜гἋōȆἋfȹʈ˜ʤᶿἋ|Юȹ̼Θ̞ʤ



ǋʤ̞˅ᶑ φφʤ̓φ˯͔̓ἋʓϠΡ˯̓ːἋŪʤЮφἋǙ͔̕ʤ̓ἋƵΡʤʓ˯ʈφ˯͔̓ἋǙȹε̕
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45

ǋʤ̞˅ᶑ φφʤ̓φ˯͔̓ἋʓϠΡ˯̓ːἋŪʤЮφἋǙ͔̕ʤ̓ἋƵΡʤʓ˯ʈφ˯͔̓ἋǙȹε̕
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ǋʤ̞˅ᶑ φφʤ̓φ˯͔̓ἋХ˯φ˜ἋōȆfɕȹʈ˜ʤ
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ǋʤ̞˅ᶑ φφʤ̓φ˯͔̓ἋХ˯φ˜ἋōȆfɕȹʈ˜ʤ
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ǋʤ̞˅ᶑ φφʤ̓φ˯͔̓ἋХ˯φ˜ἋōȆfɕȹʈ˜ʤ
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ǋʤ̞˅ᶑ φφʤ̓φ˯͔̓ἋХ˯φ˜ἋōȆfɕȹʈ˜ʤ



ËΡ͔ϠΘʤʓἋŢϠ̞φ˯ᶑƼϠʤΡгἋ φφʤ̓φ˯͔̓

54

Multi -Query Attention 

иШxŸƚƚШŔŰШƕƨċũŔƣǃШ

иШ9ŸůƓƨƣċƣŔŸŰċũũǃШŉċƚƣ

Grouped Multi -Query Attention 

иШ ШŊŸŸĬШĦŸůƓƖŸůŔƚĲШĤĲƣƽĲĲŰШƕƨċũŔƣǃШċŰĬШƚƓĲĲĬ

Multi -Head Attention 

иШcŔŊőШƕƨċũŔƣǃШ

иШ9ŸůƓƨƣċƣŔŸŰċũũǃШƚũŸƽ

Joshua Ainslie et al. GQA: Training Generalized Multi-Query Transformer Models from Multi-Head 
Checkpoints  https://arxiv.org/abs/2305.13245

https://arxiv.org/abs/2305.13245


ǋφȹ̓ʓȹΡʓἋǙΡȹ̓ε˅͔Ρ̼ʤΡἋÇÇŪ᷀

ǦεʤεἋƾʤŗǦἋȹʈφ˯Сȹφ˯͔̓

ŗŗȹŢ ἋǋХ˯ËŗǦἋÇÇŪ᷀

ǦεʤεἋǋХ˯ËŗǦἋȹʈφ˯Сȹφ˯͔᷂̓Ἃ͔˅˅ʤΡεἋʀʤφφʤΡἋːΡȹʓ˯ʤ̓φἋ˅̞͔ХἋȹ̓ʓἋ

ΘʤΡ˅͔Ρ̼ȹ̓ʈʤ

ǋХ˯ËŗǦʈφ˯Сȹφ˯͔̓Ἃ˯̓ἋÇʤʤʓᶑÇ͔ΡХȹΡʓἋŪʤφХ͔Ρ̕ε

55



Ǚ˜ʤἋǋХ˯ËŗǦἋȹʈφ˯Сȹφ˯͔̓Ἃ˅Ϡ̓ʈφ˯͔̓Ἃ˯̓ἋŗŗȹŢ Ἃ˯εἋʓʤ˅˯̓ʤʓἋȹεᶿ

ἆʓʤ͔̓φʤεἋʤ̞ʤ̼ʤ̓φᶑХ˯εʤἋ̼Ϡ̞φ˯Θ̞˯ʈȹφ˯͔̓

ſ˅φʤ̓ἋХʤἋ͔̼˯φἋʀ˯ȹεἋφʤΡ̼εἋȹ̓ʓἋʈ˜͔͔εʤἋǋХ˯ε˜Ἃ˅Ϡ̓ʈφ˯͔̓ἋХ˯φ˜ἋҞɳ zײἋ˯ᶼʤᶼᶻἋǋ˯ː̼͔˯ʓἋŗ˯̓ʤȹΡἋǦ̓˯φἋᶄǋ˯ŗǦᵼἋ˅Ϡ̓ʈφ˯͔̓ᶿ

f͔̼ΘȹΡʤʓἋφ͔Ἃεφȹ̓ʓȹΡʓἋÇÇŪᶿἋ˅ʤХʤΡἋΘȹΡȹ̼ʤφʤΡεἋᵯἋ̼ȹ˯̓φȹ˯̓˯̓ːἋ͔ΡἋ˯̼ΘΡ͔С˯̓ːἋΘʤΡ˅͔Ρ̼ȹ̓ʈʤᶼ

ǋʽȹЬʅʅͻᶜỦŪᶝỦ׳ױ׳ɕױỦËŗǦỦȆȹͻːȹ̤ΧΕỦă̝ͪͻ̵ЂʅỦǙͻȹ̤Εʦ̵ͻ̝ʅͻᶝỦʽΧΧͪΕᶠᵮᵮȹͻЏːЂᶝ̵ͻʱᵮȹɡΕᵮ׳ױױ׳ᶝױᴂ׳ױ׳

ǋХ˯ËŗǦ᷀ἋŢȹφ˜ʤ̼ȹφ˯ʈȹ̞Ἃqʤφȹ˯̞ε

56

https://arxiv.org/abs/2002.05202
https://arxiv.org/abs/2002.05202


ᴥ

ʈφ˯Сȹφ˯͔̓ἋÇϠ̓ʈφ˯͔̓Ἃf͔̼ΘȹΡ˯ἐ͔

57



ƵȹΡφἋăăă᷀ἋŢ˯ЮφϠΡʤᶑ͔ ᶑ˅|ЮΘʤΡφε

60



ȉ˜ȹφἋ˯εἋŢ͔|ᵵ

Ἃ̓ʤϠΡȹ̞Ἃ̓ʤφХ͔Ρ̕ἋȹΡʈ˜˯φʤʈφϠΡʤἋφ˜ȹφἋʈ͔̼ʀ˯̓ʤεἋ̼Ϡ̞φ˯Θ̞ʤἋᶫʤЮΘʤΡφᶫἋ̓ʤφХ͔Ρ̕εᶻἋʤȹʈ˜Ἃ

εΘʤʈ˯ȹ̞˯ы˯̓ːἋ˯̓Ἃʓ˯˅˅ʤΡʤ̓φἋȹεΘʤʈφεἋ͔˅Ἃφ˜ʤἋ˯̓ΘϠφἋεΘȹʈʤᶼ

ōʤгἋʈ͔̼Θ͔̓ʤ̓φεᶿ

ᶖ ŢϠ̞φ˯Θ̞ʤἋʤЮΘʤΡφἋ̓ʤφХ͔Ρ̕εἋᵻφгΘ˯ʈȹ̞̞гἋÇÇŪεᵼ

ᶖ ƾ͔ϠφʤΡᶍːȹφ˯̓ːἋ̼ʤʈ˜ȹ̓˯ε̼

ᶖ ǋΘȹΡεʤἋȹʈφ˯Сȹφ˯͔̓Ἃᵻ͔̞̓гἋȹἋεϠʀεʤφἋ͔˅ἋʤЮΘʤΡφεἋΘΡ͔ʈʤεεʤεἋʤȹʈ˜Ἃ˯̓ΘϠφᵼ

ƵΡ˯̼ȹΡгἋȹʓСȹ̓φȹːʤᶿἋ|̓ȹʀ̞ʤεἋΘȹΡȹ̼ʤφʤΡἋεʈȹ̞˯̓ːἋХ˜˯̞ʤἋ̕ʤʤΘ˯̓ːἋʈ͔̼ΘϠφȹφ˯͔̓ȹ̞Ἃ

ʈ͔εφεἋ̼ȹ̓ȹːʤȹʀ̞ʤᶼ

Ëǋ˜ȹΡʓἋᶄŗʤΘ˯̕˜˯̓ἋʤφἋȹ̞ᶼᶻἋᴝᴛᴝᴜᶅ

ᶖ Ǚ͔ΘᶑᴝἋΡ͔Ϡφ˯̓ːἋεφΡȹφʤːг

ᶖ |ȹʈ˜Ἃφ͔̕ʤ̓Ἃ˯εἋΡ͔ϠφʤʓἋφ͔ἋᴝἋ͔ϠφἋ͔˅ἋŪἋʤЮΘʤΡφε

ᶖ Ƶ˯͔̓ʤʤΡʤʓἋŢ͔|Ἃ˅͔ΡἋ̞ȹΡːʤᶑεʈȹ̞ʤἋ̞ȹ̓ːϠȹːʤἋ̼͔ʓʤ̞ε

ǋХ˯φʈ˜ἋǙΡȹ̓ε˅͔Ρ̼ʤΡἋᶄÇʤʓϠεἋʤφἋȹ̞ᶼᶻἋᴝᴛᴝᴜᶅ

ᶖ Ǚ͔ΘᶑᴜἋΡ͔Ϡφ˯̓ːἋεφΡȹφʤːг

ᶖ |ȹʈ˜Ἃφ͔̕ʤ̓Ἃ˯εἋΡ͔ϠφʤʓἋφ͔ἋᴜἋ͔ϠφἋ͔˅ἋŪἋʤЮΘʤΡφε

ᶖ ǋ˯̼Θ̞˯˅˯ʤʓἋΡ͔Ϡφ˯̓ːἋ˅͔ΡἋʀʤφφʤΡἋεʈȹ̞˯̓ː

ßȹε˜ἋŗȹгʤΡἋᶄƾ͔̞̞ʤΡἋʤφἋȹ̞ᶼᶻἋᴝᴛᴝᴜᶅ

ᶖ Ç˯ЮʤʓἋΡ͔Ϡφ˯̓ːἋʀȹεʤʓἋ͔̓Ἃ˜ȹε˜Ἃ˅Ϡ̓ʈφ˯͔̓ε

ᶖ Ū͔Ἃ̞ʤȹΡ̓ʤʓἋΡ͔Ϡφ˯̓ːἋΘȹΡȹ̼ʤφʤΡε

ᶖ Ţ͔ΡʤἋεφȹʀ̞ʤἋφΡȹ˯̓˯̓ːŢ͔|ἋȹΡʈ˜˯φʤʈφϠΡʤἋʤ̓ȹʀ̞ʤεἋεʤ̞ʤʈφ˯СʤἋȹʈφ˯Сȹφ˯͔̓Ἃ͔˅Ἃ

ʤЮΘʤΡφεἋʀȹεʤʓἋ͔̓Ἃ˯̓ΘϠφἋφ͔̕ʤ̓ε

ă̓φΡ͔ʓϠʈφ˯͔̓Ἃφ͔ἋŢ˯ЮφϠΡʤᶑ͔ ᶑ˅|ЮΘʤΡφεἋᶄŢ͔|ᶅ
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https://arxiv.org/abs/2006.16668
https://arxiv.org/abs/2006.16668
https://arxiv.org/abs/2101.03961
https://arxiv.org/abs/2106.04426
https://arxiv.org/abs/2106.04426


ă̓Ἃεφȹ̓ʓȹΡʓἋǙΡȹ̓ε˅͔Ρ̼ʤΡἋ̼͔ʓʤ̞εᶻἋʤȹʈ˜Ἃ̞ȹгʤΡἋʈ͔̓φȹ˯̓εἋȹἋÇʤʤʓᶑÇ͔ΡХȹΡʓἋŪʤφХ͔Ρ̕ἋᶄÇÇŪᶅᶼἋŢ͔|ἋΡʤΘ̞ȹʈʤεἋφ˜ʤεʤἋÇÇŪεἋХ˯φ˜Ἃ̼Ϡ̞φ˯Θ̞ʤἋᶫʤЮΘʤΡφᶫ

̓ʤφХ͔Ρ̕εἋȹ̓ʓἋȹἋΡ͔Ϡφ˯̓ːἋ̼ʤʈ˜ȹ̓˯ε̼Ἃφ˜ȹφἋεʤ̞ʤʈφεἋХ˜˯ʈ˜ἋʤЮΘʤΡφεἋφ͔ἋϠεʤἋ˅͔ΡἋʤȹʈ˜Ἃφ͔̕ʤ̓ᶼ

ᴜ

ǋφȹ̓ʓȹΡʓἋŢ͔|Ἃ Ρʈ˜˯φʤʈφϠΡʤ

ă̓Ἃʈ͔̓Сʤ̓φ˯͔̓ȹ̞ἋŢ͔|ᶻἋʤȹʈ˜Ἃφ͔̕ʤ̓Ἃ˯εἋΡ͔ϠφʤʓἋφ͔ἋȹἋε̼ȹ̞̞ἋεϠʀεʤφἋ͔˅Ἃ

ʤЮΘʤΡφεἋᵻφгΘ˯ʈȹ̞̞гἋᴜɕᴝἋ͔ϠφἋ͔˅ἋŪᶅᶼἋǙ˜ʤἋ͔ϠφΘϠφἋ˯εἋʈ͔̼ΘϠφʤʓἋȹεᶿ

ȉ˜ʤΡʤἋː˯ᶻφἋ˯εἋφ˜ʤἋːȹφʤἋСȹ̞ϠʤἋᶄᴛἋ͔ΡἋᴜᵼἋʓʤφʤΡ̼˯̓˯̓ːἋ˯˅ἋʤЮΘʤΡφἋ˯Ἃ

ΘΡ͔ʈʤεεʤεἋφ͔̕ʤ̓Ἃφᶼ

ᴝ

ƾ͔Ϡφ˯̓ːἋŢʤʈ˜ȹ̓˯ε̼

Ǚ˜ʤἋΡ͔ϠφʤΡἋʓʤφʤΡ̼˯̓ʤεἋХ˜˯ʈ˜ἋʤЮΘʤΡφεἋΘΡ͔ʈʤεεἋʤȹʈ˜Ἃφ͔̕ʤ̓ἋϠε˯̓ːἋ

ȹἋ̞ʤȹΡ̓ʤʓἋ̼ʤʈ˜ȹ̓˯ε̼ᶿ

ȉ˜ʤΡʤἋε˯ᶻφἋ˯εἋφ˜ʤἋφ͔̕ʤ̓ᶑφᶑ͔ʤЮΘʤΡφἋȹ˅˅˯̓˯φгἋεʈ͔ΡʤἋʈȹ̞ʈϠ̞ȹφʤʓἋȹεᶿ

Ǧ̓ʓʤΡεφȹ̓ʓ˯̓ːἋŢ˯ЮφϠΡʤᶑ͔ ᶑ˅|ЮΘʤΡφεἋᶄŢ͔|ᶅ
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ō͔̓Х̞ʤʓːʤἋßгʀΡ˯ʓ˯φг

ȉ˯φ˜Ἃ̞˯̼˯φʤʓἋ̓Ϡ̼ʀʤΡἋ͔˅ἋʤЮΘʤΡφεἋᵻʤᶼːᶼᶻἋᴥἋ͔ΡἋᴜᴣᶅᶻἋφ͔̕ʤ̓εἋȹεε˯ː̓ʤʓἋφ͔ἋȹἋεΘʤʈ˯˅˯ʈἋʤЮΘʤΡφἋʈ͔СʤΡἋʓ˯СʤΡεʤἋ͔̓̕Х̞ʤʓːʤἋʓ͔̼ȹ˯̓εᶼ

ƾʤεϠ̞φᶿἋ|ȹʈ˜ἋʤЮΘʤΡφἋ̼ϠεφἋȹεεʤ̼ʀ̞ʤἋСȹεφ̞гἋʓ˯˅˅ʤΡʤ̓φἋφгΘʤεἋ͔˅Ἃ͔̓̕Х̞ʤʓːʤἋ˯̓Ἃ˯φεἋΘȹΡȹ̼ʤφʤΡεᶻἋХ˜˯ʈ˜ἋȹΡʤἋʓ˯˅˅˯ʈϠ̞φἋφ͔ἋϠφ˯̞˯ыʤἋε˯̼Ϡ̞φȹʤ͔̓Ϡε̞гᶼ

ō͔̓Х̞ʤʓːʤἋƾʤʓϠ̓ʓȹ̓ʈг

Ǚ͔̕ʤ̓εἋȹεε˯ː̓ʤʓἋφ͔Ἃʓ˯˅˅ʤΡʤ̓φἋʤЮΘʤΡφεἋ̼ȹгἋΡʤΞϠ˯ΡʤἋʈ͔̼̼͔̓Ἃ͔̓̕Х̞ʤʓːʤᶼ

ƾʤεϠ̞φᶿἋŢϠ̞φ˯Θ̞ʤἋʤЮΘʤΡφεἋʈ͔̓СʤΡːʤἋ˯̓ἋȹʈΞϠ˯Ρ˯̓ːἋε˜ȹΡʤʓἋ͔̓̕Х̞ʤʓːʤᶻἋ̞ʤȹʓ˯̓ːἋφ͔ἋΘȹΡȹ̼ʤφʤΡἋΡʤʓϠ̓ʓȹ̓ʈгᶼ

ŗ˯̼˯φȹφ˯͔̓εἋ͔˅Ἃf͔̓Сʤ̓φ˯͔̓ȹ̞ἋŢ͔|
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ᴠᴛỤ
f͔̼ΘϠφȹφ˯͔̓

f͔̼ΘȹΡʤʓἋφ͔ἋʤΞϠ˯Сȹ̞ʤ̓φἋʓʤ̓εʤἋ̼͔ʓʤ̞ε

ᴜᴣ^
ƵȹΡȹ̼ʤφʤΡε

Ǚ͔φȹ̞Ἃ̼͔ʓʤ̞Ἃε˯ыʤ

ᴝǙ
Ǚ͔̕ʤ̓ε

ǙΡȹ˯̓˯̓ːἋʓȹφȹἋᶄ|̓ː̞˯ε˜ἋᵯἋf˜˯̓ʤεʤᵼ

ᴠᴛË^
ËƵǦἋŢʤ̼͔Ρг

fȹ̓ἋΡϠ̓Ἃ͔̓ἋȹἋε˯̓ː̞ʤἋËƵǦ

ōʤгἋ˯͔̓̓Сȹφ˯͔̓εᶿÇ˯̓ʤᶑËΡȹ˯̓ʤʓἋ|ЮΘʤΡφἋǋʤː̼ʤ̓φȹφ˯͔̓ἋᵯἋǋ˜ȹΡʤʓἋ|ЮΘʤΡφἋăε͔̞ȹφ˯͔̓

qȹːᶜỦqȹ̝ȹːᶜỦʅΧỦȹ˿ᶝỦᶌqʅʅͪΕʅʅ˶̵̝ʅᶠỦǙ̵ІȹͻɴΕỦπ˿Χː̝ȹΧʅỦʅЏͪʅͻΧỦΕͪʅɩːȹ˿ːЬȹΧː̵̤Ủː̤Ủ̝ːЏΧπͻʅᵲ̵ ʦᵲʅЏͪʅͻΧΕỦ˿ȹ̤ʱπȹʱʅỦ̵̝ɴʅ˿ΕᶝᶌỦȹͻȐːЂỦͪͻʅͪͻː̤ΧỦȹͻȐːЂᶠ׳ᴁײױᶝױᴄױᴄᴄỦ

ᵥ׳ױ׳ᴁᵦᶝʽΧΧͪΕᶠᵮᵮȹͻЏːЂᶝ̵ͻʱᵮͪɴʦᵮ׳ᴁײױᶝױᴄױᴄᴄ

qʤʤΘǋʤʤ̕Ţ͔|ſСʤΡС˯ʤХ
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ȉ˜ʤΡʤἋʤȹʈ˜ἋʤЮΘʤΡφἋ˯εἋεʤː̼ʤ̓φʤʓἋ˯̓φ͔Ἃ̼Ἃε̼ȹ̞̞ʤΡἋʤЮΘʤΡφεᶻἋȹ̓ʓἋφ˜ʤἋːȹφʤἋ

Сȹ̞ϠʤεἋȹΡʤἋʓʤφʤΡ̼˯̓ʤʓἋʀгᶿ

̓ʓἋφ˜ʤἋφ͔̕ʤ̓ᶑφᶑ͔ʤЮΘʤΡφἋȹ˅˅˯̓˯φгἋΡʤ̼ȹ˯̓εᶿ

Ç˯̓ʤᶑËΡȹ˯̓ʤʓἋ|ЮΘʤΡφἋǋʤː̼ʤ̓φȹφ˯͔̓
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f͔̓ε˯ʓʤΡἋȹἋεφȹ̓ʓȹΡʓἋŢ͔|ἋХ˯φ˜ἋŪḎᴜᴣἋʤЮΘʤΡφεἋХ˜ʤΡʤἋʤȹʈ˜Ἃφ͔̕ʤ̓Ἃȹʈφ˯СȹφʤεἋōḎᴝἋʤЮΘʤΡφεᶿ

ᶖ Ƶ͔εε˯ʀ̞ʤἋʤЮΘʤΡφἋʈ͔̼ʀ˯̓ȹφ˯͔̓εᶿἋρςπ

ȉ˯φ˜ἋqʤʤΘǋʤʤ̕Ţ͔|ἋϠε˯̓ːἋ̝ᶯᴁỦᵻεΘ̞˯φφ˯̓ːἋʤȹʈ˜ἋʤЮΘʤΡφἋ˯̓φ͔Ἃᴠᶅ᷀

ᶖ Ǚ͔φȹ̞ἋʤЮΘʤΡφεᶿἋ̝ŪỦᶼỦᴄᴁỦ

ᶖ |ЮΘʤΡφεἋȹʈφ˯СȹφʤʓἋΘʤΡἋφ͔̕ʤ̓ᶿἋ̝ōỦᶼỦᴆỦ

ᶖ Ƶ͔εε˯ʀ̞ʤἋʤЮΘʤΡφἋʈ͔̼ʀ˯̓ȹφ˯͔̓εᶿἋᴁᶜᴁ׳ᴄᶜײᴄᴂᶜᴀᴄᴆ

Ǚ˜˯εἋʓΡȹ̼ȹφ˯ʈἋ˯̓ʈΡʤȹεʤἋ˯̓Ἃʈ͔̼ʀ˯̓ȹφ͔Ρ˯ȹ̞Ἃ˅̞ʤЮ˯ʀ˯̞˯φгἋʤ̓ȹʀ̞ʤεἋ̼͔ΡʤἋΘΡʤʈ˯εʤἋ͔̓̕Х̞ʤʓːʤἋεΘʤʈ˯ȹ̞˯ыȹφ˯͔̓ᶼ

|Юȹ̼Θ̞ʤᶿἋf͔̼ʀ˯̓ȹφ͔Ρ˯ȹ̞ἋÇ̞ʤЮ˯ʀ˯̞˯φг
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ȉ˯φ˜Ἃε˜ȹΡʤʓἋʤЮΘʤΡφἋ˯ε͔̞ȹφ˯͔̓ᶻἋφ˜ʤἋ͔ϠφΘϠφἋ͔˅ἋȹἋ

qʤʤΘǋʤʤ̕Ţ͔|Ἃ̞ȹгʤΡἋ˯εἋː˯Сʤ̓Ἃʀгᶿ

ȉ˜ʤΡʤἋφ˜ʤἋːȹφʤἋСȹ̞ϠʤεἋ˅͔ΡἋʤȹʈ˜ἋʤЮΘʤΡφἋȹΡʤἋʓʤφʤΡ̼˯̓ʤʓἋʀгᶿ

̓ʓἋφ˜ʤἋφ͔̕ʤ̓ᶑφᶑ͔ʤЮΘʤΡφἋȹ˅˅˯̓˯φгἋΡʤ̼ȹ˯̓εᶿ

ǋ˜ȹΡʤʓἋ|ЮΘʤΡφἋăε͔̞ȹφ˯͔̓
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ƵȹΡφἋăȆ᷀ἋǙΡȹ̓ǋƼŗḃἋ

ǋʤΡС˯̓ːἋŗȹΡːʤἋŗȹ̓ːϠȹːʤἋŢ͔ʓʤ̞εἋХ˯φ˜ἋǋƼŗἋ͔̓Ἃŗ͔Хᶑƾʤε͔ϠΡʈʤἋßȹΡʓХȹΡʤἋ

ᶆƾʤεʤȹΡʈ˜ἋΘȹΘʤΡἋǋăËŢſqᶪᴝᴣᶻἋǋăËŢſqᶪᴝᴡἋʀʤεφἋʓʤ̼͔ἋΡϠ̓̓ʤΡᶑϠΘᵿ

Wenbo Sun (PhD candidate)



ƵΡ˯СȹʈгἋf͔̓ʈʤΡ̓ε ă̓φʤːΡȹφ˯͔̓ἋХ˯φ˜Ἃŗ͔ʈȹ̞ἋǙ͔͔̞εq͔̼ȹ˯̓ᶑǋΘʤʈ˯˅˯ʈἋ ΘΘ̞˯ʈȹφ˯͔̓ε

Ţ͔φ˯Сȹφ˯͔̓ᶿἋȉ˜гἋƾϠ̓ἋŗŗŢεἋ͔̓Ἃ|ʓːʤἋqʤС˯ʈʤεᵵ



Ţʤ̼͔ΡгἋf͔̓εφΡȹ˯̓φε

|Сʤ̓Ἃε̼ȹ̞̞ʤΡἋ̼͔ʓʤ̞εἋʤЮʈʤʤʓἋȹСȹ˯̞ȹʀ̞ʤἋ̼ʤ̼͔ΡгἋ͔̓ἋʤʓːʤἋʓʤС˯ʈʤεᶿ

ᶖ ŗ̞ȹ̼ȹᴟἋᴥ^ἋΡʤΞϠ˯ΡʤεἋᴜᴣᶼᴜË^Ἃƾ Ţ

ᶖ Ţ͔εφἋ̞ȹΘφ͔Θεᶍε̼ȹΡφΘ˜͔̓ʤεἋ˜ȹСʤἋᴥɕᴜᴣË^

ßȹΡʓХȹΡʤἋßʤφʤΡ͔ːʤ̓ʤ˯φг

|ʓːʤἋʤ̓С˯Ρ͔̼̓ʤ̓φεἋεΘȹ̓Ἃʓ˯СʤΡεʤἋȹΡʈ˜˯φʤʈφϠΡʤεᶿ

ᶖ ƵʤΡἐ͔ȹ̞Ἃʈ͔̼ΘϠφʤΡεἋᵻЮᴥᴣḘᴣᴠᵼ

ᶖ Ţ͔ʀ˯̞ʤᶍʤ̼ʀʤʓʓʤʓἋᶄ ƾŢἋСᴥᶍСᴦᶅ

ᶖ ă͔ǙἋʓʤС˯ʈʤεἋᶄƾăǋfȆɕἋȹ̓ʓἋ͔φ˜ʤΡεᵼ

|Ю˯εφ˯̓ːἋ ΘΘΡ͔ȹʈ˜ʤεἋᵯἋŗ˯̼˯φȹφ˯͔̓ε

ᶖ f͔̼ΘΡʤεε˯͔̓Ἃ̼ʤφ˜͔ʓεᶿἋq˯εφ˯̞̞ȹφ˯͔̓ᶻἋΞϠȹ̓φ˯ыȹφ˯͔̓ᶻἋΘΡϠ̓˯̓ːἋ

ΡʤʓϠʈʤἋ̼ʤ̼͔ΡгἋʀϠφἋʓʤːΡȹʓʤἋȹʈʈϠΡȹʈг

ᶖ ȉʤ˯ː˜φἋ͔˅˅̞͔ȹʓ˯̓ːᶿἋŢ͔С˯̓ːἋХʤ˯ː˜φεἋʀʤφХʤʤ̓ἋËƵǦᶍfƵǦἋ

̼ʤ̼͔ΡгᶻἋʀϠφἋ̼ȹ˯̞̓гἋ͔Θφ˯̼˯ыʤʓἋ˅͔ΡἋËƵǦἋεгεφʤ̼ε

ᶖ Ţʤ̼͔Ρгᶑ̼ ȹΘΘʤʓἋăᶍſᶿἋÇΡȹ̼ʤХ͔Ρ̕εἋ̞˯̕ʤἋŗ̞ȹ̼ȹᶼʈΘΘἋεϠΘΘ͔ΡφἋ

εХȹΘΘ˯̓ːἋ˅Ρ͔̼Ἃʓ˯ε̕Ἃφ͔Ἃ̼ʤ̼͔ΡгᶻἋʀϠφἋ˯̓φΡ͔ʓϠʈʤἋăᶍſἋʀ͔φφ̞ʤ̓ʤʈ̕ε

ᶖ Ƶ͔Ρφ˯̓ːἋʈ͔̼Θ̞ʤЮ˯φгᶿἋǋϠΘΘ͔Ρφ˯̓ːἋ̓ʤХἋ͔ΘʤΡȹφ͔ΡεἋȹ̓ʓἋ˜ȹΡʓХȹΡʤἋ

ΡʤΞϠ˯ΡʤεἋΡʤᶑʤ̓ː˯̓ʤʤΡ˯̓ːἋȹ̓ʓἋεΘʤʈ˯ȹ̞˯ыʤʓἋε̕˯̞̞ε

fϠΡΡʤ̓φἋf˜ȹ̞̞ʤ̓ːʤεἋ˯̓Ἃ|ʓːʤἋŗŗŢἋqʤΘ̞͔г̼ʤ̓φ



ƾʤ̞ȹφ˯͔̓ȹ̞ἋʓȹφȹʀȹεʤεἋ͔˅˅ʤΡἋεʤСʤΡȹ̞ἋȹʓСȹ̓φȹːʤεἋ˅͔ΡἋŗŗŢἋ˯̓˅ʤΡʤ̓ʈʤᶿ

ᶖ Ǧʀ˯ΞϠ˯φ͔ϠεἋΘΡʤεʤ̓ʈʤἋᵻʤᶼːᶼᶻἋǋƼŗ˯φʤἋʤ̼ʀʤʓʓʤʓἋ˯̓Ἃʀ˯̞̞˯͔̓εἋ͔˅ἋʓʤС˯ʈʤεᵼ

ᶖ ŢȹφϠΡʤἋ͔Ϡφᶑ͔ ᶑ˅ʈ͔ΡʤἋʤЮʤʈϠφ˯͔̓ἋʈȹΘȹʀ˯̞˯φ˯ʤε

ᶖ |˅˅˯ʈ˯ʤ̓φἋʈȹʈ˜ʤἋ̼ȹ̓ȹːʤ̼ʤ̓φ

ᶖ Ȇʤʈφ͔Ρ˯ыʤʓἋʤЮʤʈϠφ˯͔̓Ἃ˅͔ΡἋΘʤΡ˅͔Ρ̼ȹ̓ʈʤ

ᶖ ǋƼŗᶪεἋ˯̓˜ʤΡʤ̓φἋΘ͔Ρφȹʀ˯̞˯φгἋȹʈΡ͔εεἋʓ˯СʤΡεʤἋΘ̞ȹφ˅͔Ρ̼ε

qȹφȹʀȹεʤεἋȹ̞˯ː̓ἋХʤ̞̞ἋХ˯φ˜Ἃ˯̓φʤΡȹʈφ˯СʤἋХ͔Ρ̞͔̕ȹʓεἋ̞˯̕ʤἋŗŗŢἋ˯̓˅ʤΡʤ̓ʈʤἋ

Ϡ̓ʓʤΡἋφ˯ː˜φἋ̼ʤ̼͔ΡгἋʀϠʓːʤφεᶼ

qȹφȹʀȹεʤεἋʈȹ̓Ἃʤ˅˅˯ʈ˯ʤ̓φ̞гἋ̼ȹ̓ȹːʤἋ̼͔ʓʤ̞ἋΘȹΡȹ̼ʤφʤΡεἋφ˜ȹφἋʤЮʈʤʤʓἋƾ ŢἋ

ȹ̓ʓἋȹʈʈʤ̞ʤΡȹφʤἋ̞˯̓ʤȹΡᶑȹ̞ːʤʀΡȹἋ̕ʤΡ̓ʤ̞εἋС˯ȹἋʀȹφʈ˜ᶑ͔ Ρ˯ʤ̓φʤʓᶻἋСʤʈφ͔Ρ˯ыʤʓἋ

ʤЮʤʈϠφ˯͔̓ᶼ

ſϠΡἋƵΡ͔Θ͔εȹ̞ᶿἋŗʤСʤΡȹː˯̓ːἋƾʤ̞ȹφ˯͔̓ȹ̞Ἃqȹφȹʀȹεʤε



f͔ΡʤἋăʓʤȹᶿǙΡȹ̓ε̞ȹφʤἋφ˜ʤἋŗŗŢἋʈ͔̼ΘϠφȹφ˯͔̓ἋːΡȹΘ˜Ἃ˯̓φ͔ἋΘϠΡʤἋǋƼŗᶻἋʤЮʤʈϠφʤἋ˯̓ἋȹἋΡʤ̞ȹφ˯͔̓ȹ̞Ἃq^ʓ

fᴜ
Ǚʤ̼Θ̞ȹφʤᶑʀȹεʤʓἋǋƼŗἋËʤ̓ʤΡȹφ͔Ρ

Ç˯ΡεφἋφʤ̼Θ̞ȹφʤᶑʀȹεʤʓἋǋƼŗἋʈ͔ʓʤἋːʤ̓ʤΡȹφ͔ΡἋφ͔Ἃ

εʤΡСʤἋ̼͔ʓʤΡ̓ἋŗŗŢεἋ˯̓ε˯ʓʤἋq^Ἃʤ̓ː˯̓ʤεᶼ

fᴝ
ſΘφ˯̼˯ыȹφ˯͔̓ἋǙʤʈ˜̓˯ΞϠʤε

ƾſȉᴝfſŗἋΘ˯С͔φḃἋφȹʀ̞ʤἋ˅Ϡε˯͔̓ΡʤʓϠʈʤἋ

˯̓φʤΡ̼ʤʓ˯ȹφʤἋʈȹΡʓ˯̓ȹ̞˯φгἋȹ̓ʓἋʀ͔͔εφἋ

Сʤʈφ͔Ρ˯ыʤʓἋʤЮʤʈϠφ˯͔̓ᶼ

fᴟ
ƵʤΡ˅͔Ρ̼ȹ̓ʈʤἋËȹ˯̓ε

ſ̓ἋfƵǦᶑ͔ ̞̓гᶻἋ̞͔Хᶑ̼ ʤ̼͔ΡгἋ˜ȹΡʓХȹΡʤᶿἋϠΘἋφ͔Ἃ

ᴝᴛḅ̞͔ХʤΡἋΘΡʤ˅˯̞̞Ἃ̞ȹφʤ̓ʈгᶻἋϠΘἋφ͔Ἃᴠḅ˅ȹεφʤΡἋ

ʓʤʈ͔ʓ˯̓ːСεἋqʤʤΘǋΘʤʤʓἋᵯἋŗ̞ȹ̼ȹᶼʈΘΘᶼ

ōʤгἋăʓʤȹἋᵯἋf͔̓φΡ˯ʀϠφ˯͔̓ε



̓Ἃ͔СʤΡС˯ʤХἋ͔˅Ἃφ˜ʤἋХ͔Ρ̕˅̞͔ХἋ͔˅ἋǙΡȹ̓ǋƼŗḃἋ



ƾʤʈȹΘ
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ŗŗȹŢɕᴟἋᴥ̂
Ţ͔ʓʤ̞Ἃʓ˯̼ʤ̓ε˯͔̓ἋὨ= 4096
Number of attention heads = 32
So, per head dimension = 4096 ÷ 32 = 128

For keys (K):
ὡ ὡ ȟὡ ȟȣὡ ȟ

Where each ὡ ȟ ᶰד

For values (V):
ὡ ὡ ȟὡ ȟȣὡ ȟ

Where each ὡ ȟ ᶰד



ᴜᶼἋf˜Ϡ̓̕ᶑ̂ ȹεʤʓἋƾʤΘΡʤεʤ̓φȹφ˯͔̓

Ǚ͔ἋʤЮʤʈϠφʤἋ̓ʤϠΡȹ̞Ἃ͔ΘʤΡȹφ͔ΡεἋС˯ȹἋǋƼŗᶻἋ̼͔ʓʤ̞ἋХʤ˯ː˜φἋ̼ȹφΡ˯ʈʤεἋȹΡʤἋ

ʈ͔̓СʤΡφʤʓἋ˯̓φ͔ἋΡʤ̞ȹφ˯͔̓ȹ̞Ἃφȹʀ̞ʤεἋϠε˯̓ːἋȹἋʈ˜Ϡ̓̕ʤʓἋ˅͔Ρ̼ȹφᶿ

ᶖ ŢȹφΡ˯ʈʤεἋȹΡʤἋεΘ̞˯φἋ˯̓φ͔Ἃε̼ȹ̞̞ʤΡἋʀ̞͔ʈ̕εᶻἋ˯̓ʓʤЮʤʓἋʀгἋΡ͔ХἋȹ̓ʓἋ

ʈ͔̞Ϡ̼̓

ᶖ |ȹʈ˜ἋΡ͔ХἋ˯εἋεΘ̞˯φἋ˯̓φ͔Ἃʈ˜Ϡ̓̕εἋ͔˅Ἃ˅˯ЮʤʓἋε˯ыʤ

ᶖ Ç͔ΡἋȹἋ̼ȹφΡ˯ЮἋȉἋᶰᴙṄṏṅᶻἋʤȹʈ˜ἋΡ͔ХἋ˯εἋΡʤΘΡʤεʤ̓φʤʓἋȹεᶿ

ă̓Ἃφ˜ʤἋʓȹφȹʀȹεʤἋφȹʀ̞ʤᶻἋʤȹʈ˜ἋΡ͔ХἋʈ͔ΡΡʤεΘ͔̓ʓεἋφ͔ᶿ

Ç˯ːϠΡʤἋᴠ᷀Ἃă̞̞ϠεφΡȹφ˯͔̓Ἃ͔˅Ἃε̞˯ʈ˯̓ːἋōᶻἋȆᶻἋƼἋХʤ˯ː˜φεἋ˯̓φ͔Ἃʈ˜Ϡ̓̕εᶼ

Ǚ˜˯εἋʈ˜Ϡ̓̕˯̓ːἋεφΡȹφʤːгἋΘΡ͔С˯ʓʤεἋ˅̞ʤЮ˯ʀ˯̞˯φгἋʀгἋȹ̞̞͔Х˯̓ːἋφΡȹʓʤᶑ͔ ˅˅εἋ

ʀʤφХʤʤ̓Ἃφ˜ʤἋ̓Ϡ̼ʀʤΡἋ͔˅ἋΡ͔ХεἋȹ̓ʓἋφ˜ʤἋХ͔Ρ̞͔̕ȹʓἋΘʤΡἋφ˜ΡʤȹʓἋХ˜ʤ̓Ἃ

ΘʤΡ˅͔Ρ̼˯̓ːἋСʤʈφ͔ΡἋ͔ΘʤΡȹφ˯͔̓εᶼ

Ţ͔ʓʤ̞ἋƵΡʤΘΡ͔ʈʤεε˯̓ː



ᴝἋf͔̓εφȹ̓φἋÇ͔̞ʓ˯̓ː

ƵΡʤʈ͔̼ΘϠφʤἋconstant tensors and any downstream linear or 
scalar operations 

Benefit: avoid redundant computation at inference time

Example: attention scaling factor 

Ţ͔ʓʤ̞ἋƵΡʤΘΡ͔ʈʤεε˯̓ː



ǙΡȹ̓ǋƼŗḃἋφΡȹ̓ε̞ȹφʤεἋŗŗŢἋ˯̓˅ʤΡʤ̓ʈʤἋʈ͔̼ΘϠφȹφ˯͔̓εἋ˯̓φ͔ἋʤЮʤʈϠφȹʀ̞ʤἋǋƼŗἋϠε˯̓ːἋȹἋφʤ̼Θ̞ȹφʤᶑʀȹεʤʓἋȹΘΘΡ͔ȹʈ˜ᶿ

ᶖ |ȹʈ˜Ἃ̓ʤϠΡȹ̞Ἃ͔ΘʤΡȹφ͔ΡἋ̼ȹΘεἋφ͔ἋȹἋΘΡʤʓʤ˅˯̓ʤʓἋǋƼŗἋφʤ̼Θ̞ȹφʤ

ᶖ Ǚʤ̼Θ̞ȹφʤεἋȹΡʤἋ˯̓εφȹ̓φ˯ȹφʤʓἋХ˯φ˜Ἃ̼͔ʓʤ̞ᶑεΘʤʈ˯˅˯ʈἋΘȹΡȹ̼ʤφʤΡε

ᶖ Ç͔ΡἋ˯̓εφȹ̓ʈʤᶻἋȹφφʤ̓φ˯͔̓ᶑ̃ ʤȹʓἋːΡ͔ϠΘἋε˯ыʤἋᶄËƼ ᵼἋȹ̓ʓἋφ͔̕ʤ̓ᶍʤ̼ʀʤʓʓ˯̓ːἋʓ˯̼ʤ̓ε˯͔̓ȹ̞˯φг

ᶖ ſΘʤΡȹφ͔ΡεἋȹΡʤἋʈȹφʤː͔Ρ˯ыʤʓἋʀгἋφгΘʤȹ̓ʓἋΘȹΡȹ̼ʤφʤΡ˯ыʤʓἋʀȹεʤʓἋ͔̓Ἃφ˜ʤ˯ΡἋʓ˯̼ʤ̓ε˯͔̓ε

˯ |ʐ̞ʤ̼ʤ̓φᶑХ˯εʤἋ˅Ϡ̓ʈφ˯͔̓εἋᵻʤᶼËᶼᶻἋǋ˯ː̼͔˯ʓᶻἋε˯̞Ϡᵼ

˯˯|ʐ̞ʤ̼ʤ̓φᶑХ˯εʤἋȹΡ˯φ˜̼ʤφ˯ʈἋᵻʤᶼËᶼᶻἋȆʤʈφ͔ΡἋȹʓʓ˯φ˯͔̓ᶻἋʤ̞ʤ̼ʤ̓φᶑХ˯εʤἋ̼Ϡ̞φ˯Θ̞˯ʈȹφ˯͔̓ᵼ

˯˯˯ᶼŢȹφΡ˯Юᶒ̼ ȹφΡ˯ЮἋȹ̓ʓἋ̼ȹφΡ˯ЮᶒСʤʈφ͔ΡἋ̼Ϡ̞φ˯Θ̞˯ʈȹφ˯͔̓

˯Сǋʐ˜ȹΘʤἋ̼ȹ̓˯ΘϠ̞ȹφ˯͔̓ἋᵻʤᶼËᶼᶻἋȆ˯ʤХᶻἋΡʤε˜ȹΘʤᵼ

С Ūʐ͔Ρ̼ȹ̞˯ыȹφ˯͔̓ᶑΡʤ̞ȹφʤʓἋ͔ΘʤΡȹφ˯͔̓εἋᵻʤᶼËᶼᶻἋƾ̼ἐ͔Ρ̼ᶻἋε͔˅φ̼ȹЮᵼ

Ǚʤ̼Θ̞ȹφʤᶑʀȹεʤʓἋǋƼŗἋf͔ʓʤἋËʤ̓ʤΡȹφ˯͔̓



Ἃ̓ʤϠΡȹ̞Ἃ͔ΘʤΡȹφ͔ΡἋȹʈφ˯̓ːἋ͔̓ἋΘἋ͔ΘʤΡȹ̓ʓεἋ˯εἋΡʤΘΡʤεʤ̓φʤʓἋȹεᶿ

ȉ˜ʤΡʤᶿ

ᶖ ʓʤ͔̓φʤεἋφ˜ʤἋεʤφἋ͔˅Ἃ˅ΡʤʤἋʓ˯̼ʤ̓ε˯͔̓εἋΡʤφȹ˯̓ʤʓἋ˯̓Ἃφ˜ʤἋ͔ϠφΘϠφἋᵻːΡ͔ϠΘ˯̓ːἋ͔ΡἋΘΡ͔̍ʤʈφ˯͔̓Ἃʈ͔̞Ϡ̼̓εᵼוֹ

ᶖ ʤ̓ʈ͔ʓʤεἋφ˜ʤἋ̼ȹΘΘ˯̓ːεἋ͔˅Ἃε˜ȹΡʤʓἋʓ˯̼ʤ̓ε˯͔̓εἋʀʤφХʤʤ̓Ἃ͔ΘʤΡȹ̓ʓεἋᵻφΡȹ̓ε̞ȹφʤʓἋφ͔ἋǋƼŗἋ͔̍˯̓Ἃ̕ʤгεᵼ

ᶖ ΡʤΘΡʤεʤ̓φεἋφ˜ʤἋʓ˯̼ʤ̓ε˯͔̓εἋϠεʤʓἋ˯̓ἋËƾſǦƵἋ^ȖἋʈ̞ȹϠεʤεבֿ

ᶖ ȹφφΡἋ˯̓ʓ˯ʈȹφʤεἋ͔ΘʤΡȹφ͔ΡᶑεΘʤʈ˯˅˯ʈἋȹφφΡ˯ʀϠφʤεἋφ˜ȹφἋːϠ˯ʓʤἋφ˜ʤἋΘΡ͔̍ʤʈφ˯͔̓Ἃ̞͔ː˯ʈ

Ǚʤ̼Θ̞ȹφʤᶑʀȹεʤʓἋǋƼŗἋf͔ʓʤἋËʤ̓ʤΡȹφ˯͔̓



Ç͔ΡἋ̼ȹφΡ˯ЮἋ̼Ϡ̞φ˯Θ̞˯ʈȹφ˯͔̓ἋȐἋḎἋ ^ᶻἋХ˜ʤΡʤἋ ἋᶰᴙṄṏṉἋȹ̓ʓἋ^ἋᶰᴙṉṏṅᶻἋʤȹʈ˜Ἃʤ̞ʤ̼ʤ̓φἋ˯εἋʈȹ̞ʈϠ̞ȹφʤʓἋȹεᶿ

|Юȹ̼Θ̞ʤᶿἋŢȹφΡ˯ЮἋŢϠ̞φ˯Θ̞˯ʈȹφ˯͔̓Ἃ˯̓ἋǋƼŗ

ŢȹφΡ˯ЮἋ̼Ϡ̞φ˯Θ̞˯ʈȹφ˯͔̓ἋȐỦᶼỦ ^Ủ˯εἋΘȹΡȹ̼ʤφʤΡ˯ыʤʓἋȹεᶿ

ȉ˜ʤΡʤᶿ
Å Ἃȹ̓ʓἋ^ἋȹΡʤἋ˯̓ΘϠφἋ̼ȹφΡ˯ʈʤε
Åά ȟὲ ȹΡʤἋːΡ͔ϠΘᶑʀгἋʓ˯̼ʤ̓ε˯͔̓εἋᵻ͔ϠφΘϠφἋΡ͔Хᶍʈ͔̞Ϡ̼̓Ἃ˯̓ʓ˯ʈʤεᵼ
ÅὶȟὶȹΡʤἋε˜ȹΡʤʓἋʓ˯̼ʤ̓ε˯͔̓εἋ˅͔ΡἋεϠ̼̼ȹφ˯͔̓



ȉ˯φ˜˯̓Ἃφ˜ʤἋʈ˜Ϡ̓̕ʤʓἋφȹʀ̞ʤἋεφΡϠʈφϠΡʤᶻἋ̼ȹφΡ˯ЮἋ̼Ϡ̞φ˯Θ̞˯ʈȹφ˯͔̓Ἃ˯εἋ˯̼Θ̞ʤ̼ʤ̓φʤʓἋϠε˯̓ːἋňſăŪἋȹ̓ʓἋËƾſǦƵἋ^ȖἋ͔ΘʤΡȹφ˯͔̓εἋ˯̓Ἃʀʤ̞͔ХἋΘȹφφʤΡ̓ᶿ

Ǚ˜˯εἋǋƼŗᶑʀȹεʤʓἋ̼ȹφΡ˯ЮἋ̼Ϡ̞φ˯Θ̞˯ʈȹφ˯͔̓ἋεʤΡСʤεἋȹεἋȹἋ˅͔Ϡ̓ʓȹφ˯͔̓Ἃ˅͔ΡἋ˯̼Θ̞ʤ̼ʤ̓φ˯̓ːἋ͔φ˜ʤΡἋ͔ΘʤΡȹφ˯͔̓εἋʓ˯Ρʤʈφ̞гἋ˯̓Ἃφ˜ʤἋΡʤ̞ȹφ˯͔̓ȹ̞Ἃʤ̓ː˯̓ʤᶼ

|Юȹ̼Θ̞ʤᶿἋŢȹφΡ˯ЮἋŢϠ̞φ˯Θ̞˯ʈȹφ˯͔̓Ἃ˯̓ἋǋƼŗ


