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ᴔᴔ

ÅÅ ᶉᶛᵙ╥ᶉᶛᵙ╥ ⁵⁵

ÅÅ Why ŗRandom Access MemoryŘ?Why ŗRandom Access MemoryŘ?

ÅÅ ḛἛḛἛ vs. vs. ẋ ḛἛẋ ḛἛ ᶉᶛᵙᶉᶛᵙ

ÅÅ RAMRAM╥╥ ꜙᵆ₮ꜙᵆ₮ ͋˶͋˶

ÅÅ RAMRAM╥╥ ͋˶͋˶ Ṓ͙₮Ṓ͙₮ ἐἐ

ÅÅ ╪ᾅ╥╪ᾅ╥ ꜙᵆꜙᵆ

ÅÅ ╪ᾅ╥╪ᾅ╥ ἐἐ

ÅÅ √√ Ἄ Ἄ╥╪ג ╥╪ג ꜙᵆꜙᵆ

ÅÅ √√ Ἄ Ἄ╥╪ג ╥╪ג М ₮М ₮ ⁷˺⁷˺

ÅÅ √√ Ἄ Ἄ╥╪ג ╥╪ג ἐἐ
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ᶆᶘᵖ╢ᶆᶘᵖ╢ ⁮⁮

ÅÅ CPUCPŰ̋ ʺͥ⇔ʺͥ⇔ Ḉמ⁄Ḉמ⁄(= (= ̉̉) ) Ợ↔Ợ↔ ҥ╪ҥ╪ (( ᴛ͎עᴛ͎ע ))ᵑŋ ♇◑♇◑

ӎѤӎѤ ̐̐

ÅÅ ╬ʼ╥╬ʼ╥ Ѿ͙͙•◑Ѿ͙͙•◑ (short(short--term memory)term memory) ⁄⁄ ҉҉

ÅÅ ṒṒ ͎Ѝ͎Ѝ řřᶉᶛᵙᶉᶛᵙŚ Ś ֞Ѥ֞Ѥ Ӛ⁄Ӛ⁄ ἒᶘἒᶘ řRAMŚřRAMŚ╖ᴛ╖ᴛ תּתּ
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Vgx ŚQ`mcnl @bbdrr Ldlnqxś>Vgx ŚQ`mcnl @bbdrr Ldlnqxś>

ÅÅ ᵦ: RAM: RAM▐תᵦ▐ת

ÅÅ ↕ᵙᵦᴛѤ↕ᵙᵦᴛѤ řř▐╥▐╥ ♪͐♪͐ ᶉᶛᵙᶉᶛᵙŚ Ś ֞Ѥ֞Ѥ řřʃ▬─ᶴ▬─ ♪͐♪͐ ᶉᶛᵙᶉᶛᵙŚŚ

ÅÅ ▐╥Ἓ▐╥Ἓ(randomness)?(randomness)?

ïï‡Ѣ‡Ѣ ─ ⁄─ ⁄ ♇◑ӈ♇◑ӈ ҥ╪ ӧּתҥ╪ ӧּת ♪͐♪͐((▄͙▄͙ ḓḓ ῠ͙ῠ͙)) ѤѤ ҥҥ ҿ▀ҿ▀ ᾎʼᾎʼ

╪╪ ἵ⅝ӇѤἵ⅝ӇѤ ᶉᶛᵙ╪͙⁄ᶉᶛᵙ╪͙⁄ ױ╪ױ╪ ╪ᵒ╪╪ᵒ╪ ṳ╛ṳ╛

ïï ӥӥ ӰᾅӰᾅ ӥג╪ẄѤӥג╪ẄѤ ҥ╪ ʺҥ╪ ʺ ♇◑ӈ♇◑ӈ ─ ⁄─ ⁄ ӻגӻג ♪͐♪͐ ᾎʼ╪ᾎʼ╪ ѻѻ

ᵒo

ïï̓˞⁄̓˞⁄ ᵤ╪ᵤ╪ Ợ↔ӈỢ↔ӈ ╪╪ ӥג╪ẄѤӥג╪ẄѤ ♪͐♪͐ ᾎʼ╥ᾎʼ╥ ╪ʺ╪ʺ җ↨җ↨

ɥ ɥ ὣ Ἓὣ Ἓ((sequentialitysequentiality ))
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ḘἘḘἘ vs. vs. Ẉ ḘἘẈ ḘἘ ᶆᶘᵖᶆᶘᵖ (1/3)(1/3)

ÅÅ ♣ᴏ╪♣ᴏ╪ ᶉᶛᵙ⁄ᶉᶛᵙ⁄ ͕̑ӇѤ͕̑ӇѤ ҿΌᵣҿΌᵣ ҥ╪ ᵑҥ╪ ᵑ Ṓ̕ ̆Ṓ̕ ̆, , ♣ᴏ╪♣ᴏ╪ ѾѾ

ӇᶔӇᶔ ♇◑ ̆♇◑ ̆ ▓Қ▓Қ ҥ╪ ʺҥ╪ ʺ ἵᾒӇѤἵᾒӇѤ ᶉᶛᵙᵑᶉᶛᵙᵑ ŗŗҥ╪ ʺҥ╪ ʺ ḛשḛּשּ

⁴⁴ ϳῷʺḲᵛѻϳῷʺḲᵛѻŘŘ̆̆ ⁴⁴ řřḛἛḛἛ(volatile)Ś (volatile)Ś ᶉᶛᵙ̆גᶉᶛᵙ̆ג ṨᵒṨᵒ

ÅÅ ╪⁄╪⁄ ḙḙ ♣ᴏ╪♣ᴏ╪ ѾӇҗגҵѾӇҗגҵ ͙Ⱶ╥͙Ⱶ╥ ҥ╪ ᵑҥ╪ ᵑ תּ┬ תּ┬̆ ̆ ▓Ѥ▓Ѥ ᶉᶉ

ᶛᵙᵑᶛᵙᵑ řřẋ ḛἛẋ ḛἛ(nonvolatile)Ś (nonvolatile)Ś ᶉᶛᵙ̆גᶉᶛᵙ̆ג ṨᵒṨᵒ

ÅÅ ▀ḙ♠╖ᴛ▀ḙ♠╖ᴛ ḛἛḛἛ ᶉᶛᵙʺᶉᶛᵙʺ ẋ ḛἛẋ ḛἛ ᶉᶛᵙ⁄ᶉᶛᵙ⁄ ẋẋ ︡♠ҵᵑ︡♠ҵᵑ ии

▀▀ ὡὡ ─Ѿ─Ѿ ,( ,(װ↔̆װ↔̆))̆▓̆▓ ҉װ↔҉װ↔ ѾʺᵑѾʺᵑ ϻϻ ὡὡ ▓╖ḃᴛ▓╖ḃᴛ((♇ʺ˶♇ʺ˶), ), 

Ѿ͙͙•◑Ѿ͙͙•◑ ⁵ ╙⁵ ╙ ѤѤ ╥╥ ◑•͙ל ᴛ͙ל•◑ ᴛ Ợ↔Ợ↔
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ḘἘḘἘ vs. vs. Ẉ ḘἘẈ ḘἘ ᶆᶘᵖᶆᶘᵖ (2/3)(2/3)

ÅÅ ḛἛḛἛ ᶉᶛᵙᶉᶛᵙ

ïï DRAMDRAM

ÅÅDynamic RAMDynamic RAM

ÅÅҥ╪ ᵑҥ╪ ᵑ תּ┬ תּ┬͙ ͙ ── ▀♬▀♬ ᾎʼᵡѻᾎʼᵡѻ ◓ ♣◓ ♣(refresh)(refresh) ‒‡ל‒‡ל ѤѤ

ᶉᶛᵙᶉᶛᵙ

ïï SRAMSRAM

ÅÅStatic RAMStatic RAM

ÅÅ♣∟╪♣∟╪ ͕̑ӇѤ͕̑ӇѤ ҿΌҿΌ ▀♬▀♬ ᾎʼᵡѻᾎʼᵡѻ ◓Ỹ Ỹ◓תּ תּ ΏҗגҵΏҗגҵ ҥ╪ ʺҥ╪ ʺ תּ┬תּ┬

ӇѤӇѤ ᶉᶛᵙᶉᶛᵙ
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ḘἘḘἘ vs. vs. Ẉ ḘἘẈ ḘἘ ᶆᶘᵖᶆᶘᵖ (3/3)(3/3)

ÅÅ ẋ ḛἛẋ ḛἛ ᶉᶛᵙᶉᶛᵙ

ïï ᾎמᾎמ ᶉᶛᵙᶉᶛᵙ(flash memory)(flash memory)

ÅÅ˃╪˃╪ ᾙ̆ᾙ̆ ︡♠ҵʺ︡♠ҵʺ иּתᵣиּתᵣ ѢᵝѢᵝ

ïï FRAM (Ferroelectric RAM)FRAM (Ferroelectric RAM)

ÅÅDRAMDRAM̓̓ ┬Ợ Ϯ┬Ợ Ϯ ҥ╪ҥ╪ ᵑתּ┬ᵑתּ┬ ── ◓ ♣╪◓ ♣╪ Ṭ ⅝Ṭ ⅝

ïï PRAM (PhasePRAM (Phase--change RAM)change RAM)

ÅÅỮṉ╪ᵑỮṉ╪ᵑ ѤѤ ᶹֿפ╙ᶹֿפ╙ ╪↔ ⁴╪↔ ⁴ ♇ ╥♇ ╥ ╪ᴛ╪ᴛ ҥ╪ ᵑҥ╪ ᵑ ♇◑♇◑; DRAM; DRAM⁄⁄

ẋẋ ♣ᴏ♣ᴏ ἵᶛʺἵᶛʺ ᵰ↕ᵰ↕ ♠╛♠╛
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RAMRAM╢╢ ⸗ᵃ₫⸗ᵃ₫ ͈˳͈˳ (1/9)(1/9)

ÅÅ ̓˞₮̓˞₮ ◓◓ PCPC⁄Ἄ⁄Ἄ Ợ↔Ӈ̆Ợ↔Ӈ̆ ▓Ѥ▓Ѥ RAMRAM╥╥ ꜙᵆꜙᵆ

ïï SDRAMSDRAM

ÅÅSynchronous DRAMSynchronous DRAM

ÅÅRAMRAM╥╥ ▬ҿ▬ҿ ἶҵʺἶҵʺ CPUCPU₮₮ ҿ͙ Ӈ‡ҿ͙ Ӈ‡ ▓Ѥ▓Ѥ ѻ‚ѻ‚ ꜙᵆ╥ꜙᵆ╥ DRAMDRAM╙╙

▀ Ѥ▀ Ѥ ▀ḙ▀ḙ ᶘᶘ ; ; ṒṒ řSŚřSŚѤѤ ỸרỸר

ïï DDR1 SDRAM: DDR1 SDRAM: ṒṒ ř1Śř1Ś╘╘ ỸרỸר

ÅÅDouble Data Rate SDRAMDouble Data Rate SDRAM

ïï DDR2 SDRAM: DDR2 SDRAM: ‬ᵡ‬ᵡ תּͥ♣תּͥ♣ ҍꜙ╙ҍꜙ╙ ╪ᴸ╪ᴸ

ïï DDR3 SDRAM: DDR3 SDRAM: Ựᴛ⇔Ựᴛ⇔ ᴏ╖ᴛלᴏ╖ᴛל Ӯ◑Ӯ◑

ïï DDR4 SDRAM: DDR4 SDRAM: ◓Ѥ◓Ѥ מ͎מ͎ ӥ⁄ᵣӥ⁄ᵣ Ợ↔Ӈ̆Ợ↔Ӈ̆ ▓╛▓╛
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RAMRAM╢╢ ⸗ᵃ₫⸗ᵃ₫ ͈˳͈˳ (2/9)(2/9)

ÅÅ RAMRAM╥╥ ͋˶͋˶

ïï RAMRAM ᶛӢ╥ᶛӢ╥ ͋˶̓͋˶̓ ᶉ╬Ṓӥᶉ╬Ṓӥ ᾈᴡ╥ᾈᴡ╥ ͋˶╪͋˶╪ ᵭῷ‒ᵭῷ‒ ◑◑ ʺѫʺѫ

ïï SDRAM: 168 SDRAM: 168 

ïï DDR1: 184 DDR1: 184 

ïï DDR2: 240 DDR2: 240 

ïï DDR3: 240 DDR3: 240 ; ; ͎ױϮ͎ױϮ RAM RAM ᶛӢ⁄ᶛӢ⁄ ╬╬ ╥╥ ─ ʺ─ ʺ DDR2DDR2₮₮ Ữ╪Ữ╪

ḃᴛḃᴛ ṬʺṬʺ
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RAMRAM╢╢ ⸗ᵃ₫⸗ᵃ₫ ͈˳͈˳ (3/9)(3/9)

ÅÅ ₉₉: SDRAM 256MB (PC133): SDRAM 256MB (PC133)

ïï▬ҿ▬ҿ ἶҵἶҵ: 133MHz: 133MHz
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RAMRAM╢╢ ⸗ᵃ₫⸗ᵃ₫ ͈˳͈˳ (4/9)(4/9)

ÅÅ ₉₉: DDR1 SDRAM 512MB (PC3200 : DDR1 SDRAM 512MB (PC3200 ֞ Ѥ֞Ѥ DDR400)DDR400)

ïï▬ҿ▬ҿ ἶҵἶҵ: 200MHz: 200MHz

ïïҍ⁵ҍ⁵ : 3.2GB = 3,200MB (= 200MHz : 3.2GB = 3,200MB (= 200MHz ƎƎ2 (DDR) 2 (DDR) ƎƎ64bits(64bits(ᶉᶛᵙᶉᶛᵙ ḲᾅḲᾅ
͙͙) / 8)) / 8)
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RAMRAM╢╢ ⸗ᵃ₫⸗ᵃ₫ ͈˳͈˳ (5/9)(5/9)

ÅÅ ₉₉: DDR2 SDRAM 2GB (PC2: DDR2 SDRAM 2GB (PC2--6400 6400 ֞Ѥ֞Ѥ DDR2DDR2--800)800)

ïï▬ҿ▬ҿ ἶҵἶҵ: 200MHz: 200MHz

ïïҍ⁵ҍ⁵ : 6.4GB(DDR1: 6.4GB(DDR1⁄⁄ ẋẋ ᶉᶛᵙᶉᶛᵙ ░ ᴏ░ ᴏ Ḳ ╥Ḳ ╥ ᵙᴝ ((prefetchprefetch ) ) 
ὡ ʺὡ ʺ ӎӎ ḤḤ
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RAMRAM╢╢ ⸗ᵃ₫⸗ᵃ₫ ͈˳͈˳ (6/9)(6/9)

ÅÅ ₉₉: DDR3 SDRAM 1GB (PC3: DDR3 SDRAM 1GB (PC3--10600 10600 ֞Ѥ֞Ѥ DDR3DDR3--1333)1333)

ïï▬ҿ▬ҿ ἶҵἶҵ: 166MHz: 166MHz

ïïҍ⁵ҍ⁵ : 10.6GB(DDR2: 10.6GB(DDR2⁄⁄ ẋẋ ᵙᴝ ὡ ᵑὡ ᵑ ֞֞ 22ḤḤ ʺשּʺשּ
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RAMRAM╢╢ ⸗ᵃ₫⸗ᵃ₫ ͈˳͈˳ (7/9)(7/9)

ÅÅ ₉₉: DDR2 SDRAM: DDR2 SDRAM̓̓ DDR3 SDRAMDDR3 SDRAM╥╥ ẋ̪ẋ̪

ïï DDR2 2GBDDR2 2GB

ïï DDR3 1GBDDR3 1GB
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RAMRAM╢╢ ⸗ᵃ₫⸗ᵃ₫ ͈˳͈˳ (8/9)(8/9)

ÅÅ ₉₉: : ᶉ╬Ṓӥ⁄Ἄ╥ᶉ╬Ṓӥ⁄Ἄ╥ RAM RAM ᾈᴡᾈᴡ (1/2)(1/2)
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RAMRAM╢╢ ⸗ᵃ₫⸗ᵃ₫ ͈˳͈˳ (9/9)(9/9)

ÅÅ ₉₉: : ᶉ╬Ṓӥ⁄Ἄ╥ᶉ╬Ṓӥ⁄Ἄ╥ RAM RAM ᾈᴡᾈᴡ (2/2)(2/2)


