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WHY?




WHAT IS IT?
PART 1:
*SHADOW”
ADDRESSING

Overprovisioned Media

10 TB Native Capacity Example, 40-bit LBAs

LBA 0x0 00000 0000 LBA 0x04 8C3F FFFF

Native Capacity

LBA 0x80 0000 0000 LBA 0x84 8C3F FFFF

Writes to LBAs in the Shadow Capacity go to overprovisioned space.
Shadow Reads return the most recent copy of data across all tiers, thereby supporting
rollback capability for Native reads.

This addressing schemeis but one option for direct addressing
of devicetiers.



WHAT? POLICIES




EXAM PL E . Use Case: Reducing Metadata Overwrite Effects on Disk Bandwidth Through Batching

BATCHED
METADATA
UPDATES

Batch to a Shadow Tier

Analogous to the Way 0) A burst of new, hot, system metadata is persisted to a shadow tier in a batch. Many
ext4_|azy (FAST’ ]_7) batches can occur during a peak time.

improved SMR disk
performance by using a
large journal and
avoiding excessive in-
place inode updates.

New n Address to slower Main Store

1) As the system quiesces after a burst of traffic, (what are suspected to be) the final
metadata updates (for a while) are addressed to the backing store.

Could this reduce the required size of NAND layers above the HDD in a data center?



Use Case: Rollback, Write Transactions, and a Reduced Need for fsync/cache flush .

inode: (N) In-flight inode update

inode: (N-1) An Openly Addressable Tier contains the last

nonvolatile update to this inode.

' inode: (N-2) B

Main Store has the oldest version of the inode.

Transaction: inode version N is written to the tier.

inode: (N) Inode version N-1 (still valid in the tier) is then )
written to the backing store. Data may be validated Sy_Stem Rollback: A
after each step. Trim/Unmap
commandusing the
' inode: (N-1) ...  Shadow addresses,

followed by aread,
wouldreturn Version

The system, then, can roll back a partial update at time N (for example) in the face of (N-1) acrossthe
exceptions or uncontrolled loss of power. device

Main Store has the oldest version of the inode.



QUESTIONS AND
FURTHER STUDY

» Whatare the mostuseful use casesto storage software developers?
e How manyupper LBA bitswould be used, and for what? (48bits of
LBA addressing for 4KiB blocks provides for 1125 PB of capacity. At
512B blocks, 140 PB)
* 1 bitfor Shadow A-> 70PB
e 1 Dbitfor Policy X or Alternate TierB -> 35PB
* 1 bit for Duplication/Reliability Settings.
 Can Host Managed or Host Aware Zone Block Devices be improved?
* Further Study: Implement an openly addressable device using an
existing DM-SMRor SSHD device. Incorporate “Shadow Policies”
derived from use cases into the device. Effect changes to the block
stackto harnessthe Openly Addressable Tier for the desired use
case(s). Testand measureand report.
* Veryinterestedto hearyouideas,inpersonor otherwise.
Seagate Global Firmware
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