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AMR-Tree
« node-level placement
« inner pinned (DRAM/PMEM)
—Potey| * leaves migrate (PMEM 2 SSD)
« commit at pointer switch

Tiers

leaf id

Leaf Table

+ DRAM: inner nodes (pinne|
* PMEM: hot leaves

* SSD: cold leaves

« goal: low persist cost

+ goal: low tail latency

Migration

« leaf_id - (tier, addr)
* localize updates
* stable references

« Copy - Persist - Switch
+ EMA + hysteresis
« background execution
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goooooooo PMEMO SSDOOOOOOO

Placement decision and migration pipeline (overview)

t’a‘ﬁitfscﬂ“';;f Update hotness Apply rules Decide target tier
oy (EMA + hysteresis) (R1-R6) (DRAM / PMEM / SSD)

l

Background migrator
copy - persist - switch

(Leaf Table update)

Enqueue migration

Budget check
& oscillation control (promote/demote)

{

Log metrics
(throughput, pS0/p95/p99, persist ops,

write amplification, SMO, migration)
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Algorithm 1 Search with Leaf Table (simplified)

function SEARCH(key)
node < root
while node is internal do

node +— CHOOSECHILD(node, key)

1:

2

3

4

5: end while
6 id < node.leaf _id

7 e +— LEAFTABLELOOKUP(id)

8 leaf < READLEAF(e.tier, e.addr)
9 ONLEAFACCESS(id)

10: return SCANLEAF(leaf, key)

11: end function
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0000000000 Leaft Table DOOOOOO0OOD0ODO
gooooboooooooobooooooobobboooooooboo
Algorithm 2 000000000 OOO

Algorithm 2 Hotness update and migration trigger (sim-
plified)

1: function ONLEAFACCESS(leaf_id)

2: € < LEAFTABLELOOKUP (leaf_id)

now < GETTIME

e.hotness < e.hotness - exp(—X\ - (now — e.last)) + 1

e.last < now

if e.tier = SSD and e.hotness = 64+ then
ENQUEUEPROMOTE (leaf_id)

else if e.tier = PMEM and e.hotness < 6| then
ENQUEUEDEMOTE(leaf_id)

10: end if

© * 3 S T w

11: end function
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Algorithm 3 Promote leaf from SSD to PMEM (safe out-

line)

1: function ProMOTE(leaf_id)

2: e < LEAFTABLELOOKUP(leaf_id)

buf < READLEAF(SSD, e.addr)

new < ALLOCPMEM(size(buf))

WRITEPMEM (new, buf)

PERSISTPMEM (new)

UPDATELEAFTABLE (leaf_id, tier = PMEM, addr = new,

N T kW

version = e.version + 1)
8: PERSISTLEAFTABLEENTRY (leaf_id)

9: end function

Algorithm 4 Demote leaf from PMEM to SSD (safe out-

line)

1: function DEMOTE(leaf_id)

2: e - LEAFTABLELOOKUP(leaf_id)

3: buf < READLEAF(PMEM, e.addr)

4: of f < ALLOCSSD (size(buf))

5: WRITESSD (of f, buf)

6: PERSISTSSD (of f) > e.g., fsync/flush policy
7: UpPDATELEAFTABLE(leaf_id, tier = SSD, addr = off,

version = e.version + 1)
8: PERSISTLEAFTABLEENTRY (leaf_id)

9: end function
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Algorithm 5 Insertion procedure overview (proposed

method)

1: Input: a point or rectangle e

2: Search: descend from the root and obtain the target leaf node
N

3: Insert e into N; if overflow occurs, generate split candidates

4: Collect the set of modified nodes S (leaf, parent, and upper
levels if needed)

5: Apply the placement decision to S; if required, perform mi-
gration (copy — persist — pointer switch)

6: Persist data updates (write-back / flush)

7: Persist the pointer switch as the commit point (fence / or-
dering)

8: if batching condition holds then

9: Execute group commit

10: end if

0 2 Experimental setup

Processor  Intel Xeon Silver 4215, 2.5GHz

Cache L1d 32KiB, L1i 32KiB, L2 1MiB, L3 11MiB0O shared[
CPU cores 16 / 320 SMT enabledO

Memory 192 GiBx20 384 GiBO DRAM

PMEM Intel Optane DCPMM 128 GiBx60 768 GiBO x2
PMDK 1.8

SSD 800GB X 4, 2.5-inch SAS SSDO Samsung PM16450
(ON] Ubuntu 24.04 LTS, Linux kernel 6.8.0-90-generic
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(C) Migration Activity: Promotes + Demotes per Budget
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