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ï ᶂ ◊ FastForward￼ ∂Ά ῎ѿ(RFP)ώ֧Ḿ︣ққ₭
(exascale)￼ ᴧṪӐώӗ   י

Å ֘ ׁexascale іᴿ Ҩ ￼ ιᶈ2020ẉḫאexascale
￼ ‰ 

Å ΆᵇχCPU, memory Ҩᴣ I/Oי  

ï ᶂ7ἍῳѮ ￼ḫ ḯᴧ  

ï WhamcloudљEMC, Cray, HDF￼ԊᵃΆ ệ҃I/O￼ ‰ 

Å іיּ ї Ὰ љ‗ HPC I/O′ 

Å HDF χHPF5￼ӢᾡљἛṝ 

Å EMCχ ᴧ ḕ￼ ҨᴣI/Oת ẙᵸ￼ љḫא 

Å WhamcloudχDistributed Application Object Storage(DAOS) 

Å Crayχ╜  ᶫע

ï ḢἄẊ ᵅ￼ Ҏᴪק 

Å DDN εⱱ ק￼OSDζι ⸗ṉεүỴ ὶᶃACGẔּזζ 

ᶂ ◊ (DOE) – FastForward￼ὠἇ 



Exascale I/O ￼Ἡ   ט

2012/2013 2020 

♇ᾭ 10-100K 100K-1M 

⅛ ♇ ᾭ ~10 ~1000 

ԅṕẊᴧẙ 100K-1M 100M-1B 

对象创建性能需求 100K/s 100M/s 

Ởԓḕ 1-4PB 30-60PB 

ᾰҭ Ở  10-100PB 600-3000PB 

Ẉᶎᾥ Ὴ  1-5 Days 6 Hours 

ԓḕ Ӵ < 2000s < 300s 

峰值 I/O 带宽 1-2TB/s 100-200TB/s 

持续 I/O 带宽 10-200GB/s 20TB/s 



ï ᾭὯҨᴣӺᾭὯ￼ⱨ♆Ẫᶭ  

Å ῭ᶶ  ᶽ￼₩Ὁ ẑ 

Á ј ḧớ  Uncertainty)ק

          Quantification)￼ᵃῊ  

Å ᾭײқ￼ᾭὯ  

Á Ӻ  / ᶃ ♇ 

Å ‖Ԏᶶ ￼ԋ  

 

ï ᵇḾ ￼ᾭὯẓ(OODB) 

Å ֒ -> ḫӕק/ḕӴ 

Å ồ /ᴏẀἧχɒ︣ẉ ￼ᶽ╡Ṅᶈᵤ ᴧּוɓ 

Á ᶺ Ậ 

Á ֫‘ҽ  

Exascale I/O Ẕּז  ט



ï ԀῸאҞᾰҭ ᴵἛṝớ￼ ֺ 

Å ᾭѦpetabyte￼ᾭὯ  

Å ԊҕᾰҭҨᴣӺᾭὯớ  

Å ￼↨ẈἛṝớ & ӭṮἆἯט(jitter) 

 

ï ώӗׁἍ῾ῶ￼ḳ ớ 

Å Ҩ᷂ᾦṄῊẂᴧּו јῗӱⱡᴧּוӐѭ ‰ ￼  

Å Ӡ ᾭὯҨᴣӺᾭὯ￼ ớᵙḢᾯớ 

￼ ‰ 

ï ḕӴṄἄѭ Қᵔ￼Ṫԏ 

Å ῏҈ ιԅת ▐ῠ￼ҐҊ 

Å ⁞Ὧ ∂Ṅ ḕӴιἆ Ṅ
ḕӴ  



Exascale I/O ￼ ‟‗ 

♇ 

Exascale
 

I/O ♇ 

ᴧ ḕ 
NVRAM/SSD 

ḕӴ  

ḕӴῸחᵸ 

 

ӺᾭὯ
NVRAM/SSD 

Exascale计算机 共享存储 



ïӭṮἆἯט(Jitter) 
Å ẙӭṮ 

Å ◊כּ  ת

Å Ẉ εѧᾸι ẙζ 

ï ᵀ 
Å ᵃℓᾭὯҽ  Ầᴧ￼זẔּ҃ק

Å ӔệẔּז῭ Ἓṝ 

ï— ᵀ 
Å ԁ҃ ￼  

Å ᶩ￼I/Oᶴת ֺ 

ïἍῶ￼I/O ῗ ᶩ￼(non-blocking) 
Å ִḊק ∂(initialize) 

Å ҆ҭ(completion event) 

ᶩẪAPIs 



ïῸחᵸѳ  
Å ᴃᵃὴ ῶᾥ ￼ḭἋ  

Å Open, commit... 
 

ïḭἋ ѳ  
Å ӡ ′￼іṖ 

Å ᴃᵃᾛӐ ∂ᴵҨ ᶈіṖԎҤז ӡԓḳѳѧ 

Å іṖ ӡ ֺ῭ז ᾦ 
 

ï local2global / global2local 
Å Ѧ ᴵҨҦ Ἒ I/O  זּ

Å local2globalּוἄј ῎ᴵԊҕ￼ᾭὯԓḳ 

Å global2localӔּז ᾭὯԓḳּוἄ ᶊ ᴯ† 

Å ԁopen storm 

ᴃᵃᾛӐ(Collective) ԁN:N￼ ӡ 



ï ẑקᾛӐᵙẶ ớcacheῗἛṝớ￼ּג  
Å ӀԊҕ(false sharing)ᴝ locking storm 

Å ḕӴ Ẕ ԁᴠљḭἋ ᾛӐ￼ ẑק 
 

ïḕӴ јῗ╦Ụҽ  ֺ 
Å ᵀ￼ ѳ Ẕ ὶ ӡι јῗ ḕӴ  

 

ïẕṖI/O ṓ ԁ ╜іṖ ḕ￼ ∂ 
Å ᵀ֒(Aggregation device) 

Å (Readahead) 
 

ï֒ᾛӐẔṓᴵ ￼ ԁ ᶩ ᾛӐ 

Å ᴦѳι ѼẔ ԁ ᶩ֒ 

Ҩᴣ ḕ (Locking & Caching) 



ïḢᾯớᵙ ớ￼Ӡ  
Å I/O′ἍῶṖ￼ᶢ  ∂ 

Å ᾭὯᵙӺᾭὯ 

Á •Ṗ￼ӺᾭὯḾ҈їṖῗᾭὯ 

Å ԁ O(n) Ỡᶶ ֺ 

 

ï҆ח ֺ 
Å ḕӴ ￼ᴪקỞᶴ҈ ớꜛỗѧ 

Å Ỡᶶ == ᵻᴒֹῳᾺ⇔Ѱꜛỗ 

Á O(0) v.O(transaction size) ￼ỠᶶῊ  

Å ᾯѦI/O′ᾟὙᴵṧ᷿￼҆ח ֺ 

Å ầℓ￼҆ח ֺ 

Å Scrubּז₅bitrot 

ᴝḒớ (Atomicity)ᴝ ᴵỠᶶớ 

Don’t FSCK with DAOS 



ï  Ҩepochὴẑח҆

Å ֒ᾛӐὟⱢepoch ẑṝẦ 

Å Ḿᵃ Ѧepoch￼Ἅῶ֒ᾛӐ 

    Ṅ ᴝḒ￼ώҐ 

Å Ḿᵃ Ѧepoch￼Ἅῶ ᾛӐ 

    Ṅệֹ ￼ᾭὯ 

ï Epochᴝ  ᶟ(scope)זӐּ￼ח҆

Å Ҩḳᵸӈᴅӈ(Container) 

Å ᶺ ᵃῊḾᶺḾ ḫᾼ /֒ᾛӐ 

Å EpochI Ҩ‰ snapshot 

ï ῂ  pipelineח҆￼ֺ

Å ᴵҨ ᵀepochs 

Å Query/Wait/Slip֫ זָּ ểҨᴣᵻᾠ ￼epoch 

 ᶚᵙEpoch₩ח҆



I/O ′ ‗ 
ï ẔּזᵙṪԏ 

Å  ἧ ֫‘ ╞ ᾭὯ 

Å ֫‘ҽ  

Å ֫‘ᵙᴵ  In-transitᾭὯק

ï ẔּזI/O API 

Å ᶺ‾ק￼⸗ḧᶟAPIᴝ Ḿ ₩Ẫ 

ï I/O ẙᵸ(I/O dispatcher) 

Å ת ḕӴ ‗ 

Å ת ᴧ ḕι ֗ṤӪ Ҩש ḕӴớ  

ï DAOS-HA 

Å ᴵ ᴵἛṝ￼Ḿ  ḕӴק

Å Fast Forward￼ᵅ  

ï DAOS (Distributed Application Object Storage) 

Å ᴵἛṝ￼ι҆קח￼ԅṕԊҕ￼Ḿ  ḕӴק

Å ԁPOSIX 



I/O ‟‗ᵙI/O′ ‗ 

*  

♇ 
HPCњּז  
MPI Portals 

I/O ♇ 
ᴧ ḕ 

ḕӴ  
OFED 

ḕӴῸחᵸ 



ï ὉLustre*ẕṖ￼Ḿ ḕӴ 
Å ḳᵸѳ ῂԊҕ 
Å ḳᵸԓ ᴵҨῶᾭײқ￼ 
      Ḿ ιᾭ׳ ￼ḕӴῸחᵸ 

 

ï ῶ￼Ḿ ᵄ /Ḿ ₩Ẫ  
Å ԁ∕…ᾰҭ ￼ԅṕᵄ  

 

ï҆קח￼PGAS 
Å Baseline : addr = <shard.object.offset> 
Å HA           : addr = <layout.object.offset> 

 

ï љ֒ 
Å ≡ῶֳấљֵ  
Å Punch == ᾦ￼ֻ֒ɒ0ɓ 

DAOSḳᵸ(Container) 



ï ḳᵸ↨ẈἛṝớ￼ᶢ  

ï ᴃᵃ ίḭἋ ￼Ӱẞ ẙ 

Å ԁ”ping”Ῡ (N^2) 

Å Gossipᴃ  

Å ᶚ᷂ᾦז ╜(Accrual failure detection) 

ï ᴃᵃᵠẔ•ҎI/O ∂ 

Å ֫ṵẪ￼҆חεԅṕepoch￼ώҐζ 

ï  ‴ἄוּ

Å ᴵἛṝ￼O(log n)ả  

Å ấ ᵙỠᶶ 

Ὸחᵸ￼ᴃᵃᾛӐ(Server Collectives) 



ï ShardῗVOSDѧ￼Ḿ  

ï COW & snapshot 
 

ïⱱ ק￼ỴᶃῄỐ 

      (Version intent log) 
Å ὟⱢepoch ẑṝẦ֒ᾭὯ 

 

ïḫῊ￼֒ᾛӐ 
Å ẑ￼ḫῊ֒ 

Å ῂ ὓ ἆ  ᾯᶒ￼ᾭὯט
 

ï Extent￼metadataὟⱢEpoch ẑ῭Ὰ 
Å Ӿׁ￼epochḢἄѳᵅ  ẦḊ῭Ὰ־

Å ṓᴵ ￼ḫῊ῭Ὰ 

Å ḅ‛ј ḫῊ῭Ὰιֱ⁞Ὧintent logѧ￼ӡỤ ῭Ὰ 

ⱱ ק￼Ḿ ḕӴ(Versioned object storage) 



ï I/O ẙᵸ (IOD) 
Å ᴧ ḕ(NVRAM)ᵙԅṕḕӴ(DAOS)￼Ἲ  
Å ש ṤӪ χI/O⅝ꞌ/ả /ṾḴ 
Å ⁞ὯіṖ ∂ ḕӴṵṕҸק 
Å Ҩ҆חѭᴅӈҽ ḕѧ￼ᾭὯ 
Å ώӗ іṖ￼Ỡᶶד₩ᶚ 
Å љүח ẙᵸᾯᵀ 
Å ֹ ￼ᾭὯḢᾯớ 

 

ïHPF5ẔּזI/O 
Å ѭHPC‗ ￼Ḿ ḳᵸ 
Å ώӗᾺ￼ẔּזṖו  
Å Ἓṝ￼HDF5ᾭὯ₩ᶚ 
Å Ὰ￼ḕӴẪ 

I/O ẙᵸ (I/O Dispatcher) & HDF5ẔּזI/O 



ï ׁ ẙ (DAOS) 
Å ᶩẪAPI 
Å ḳᵸ ὶᴭ 
Å ᶢ ￼I/O֩ᾭ 
Å ᶢ҈ZFS￼VOSD 
Å ḭἋ ￼collective֩ ᾭ 
Å LNetṖ￼collective֩ ᾭ 
Å ᶢ҈epoch￼҆ח ֺ(in progress…) 
Å ◊Ҧ : git.hpdd.intel.com (ff/daos_lustre, ff/daos_tools, ff/daos_posix, …) 

 

ïї ℓ￼ ᴧ 
Å ғᵝקᵙ ἄ 
Å ᶢ҈Btrfs￼VOSD – in-kernel (GPL) 
Å DAOS-HA 
Å ᶺ‾ק￼іṖAPIs 

ׁ ẙҨᴣ ℓ ᴧ 



Thanks 
 

Question? 
 
 
 


