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---- KV-Directit 3¢ ----

[KV-Direct: High-Performance In-Memory Key-Value Store with Programmable
NIC](https://Irita.github.io/images/blog/kv-direct.pdf)

[KV-Direct Introduced by The Morning Paper](
https://blog.acolyer.org/2017/11/23/kv-direct-high-performance-in-memory-
key-value-store-with-programmable-nic/)

#EFEKey-Value StoreZ2 E# AEMED N FHEBEBUIRENTRA. HRITHKV-Storezn
RocksDB % F LevelDB g i# , 58 £ 7 LSM-tree f§ compact ( 2 # # Universal
Compaction) , #i1i#E£ 5 A8, B, RocksDB# AT Ceph (k. WER. X
HiEtE) ER4% = (OSD) AmMfFtEs|ZE (BlueStore) . CockroachDB ({5 Google
SpannerX I XX FEIEE) MURocksDBIEREAZAE, FHIESQLRM S BKVIRIE.,

[Universal Compaction](https://github.com/facebook/rocksdb/wiki/rocksdb-
basics)

[Ceph BlueStore](http://www.sysnote.org/2016/08/19/ceph-bluestore/)

[CockroachDB SQL Mapping to KV](https://www.cockroachlabs.com/blog/sql-in-
cockroachdb-mapping-table-data-to-key-value-storage/)

H—AmE, AFEEENS ZRIE. §AMNMPivotal GemFire, SAP HANAX 158 2+ 3%
AMIThEE. FFRImKFECachefMemcached. Redisth i BB Rz M. 24+, it
EHEGRNERASREEA, TINA#E. SSDEEANEN LT REE, INERSELE
S—8 MM TransactionbIE (KEEE . €Ft) WEARNFERIEE.
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R8sk, WEKV-Storest B — MEBR EM M. The Morning Paper B i KV-
Direct, EXABEMEES.
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Figure 2: Programmable NIC with 'L A

KV-Direct E IE 9= Sl 2 EKV-Store gy g Ml 2t E R (B AFPGATT, T/ ZmwmCPUS 5
(One-sidedRDMA) ; ENICAZ|180MopsitBH T R EFEMRAMCloud. FaRM,
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FrfEReconfigurable XX) B, EH KA DRAM, THEHHKVEIE, XEREWEERE
REZIPCles, ENICRRSER, 1@ ERR, KV-DirectiA Ftail latency /\F
10us, BERAME, 3Nt —5KV-Direct NICEHE T+ L /NCPUR, B—58BE
BFETIMFEFENICH., &fE, FPGALLCPULHBRRBFE (BIEFOLTCOKRLEFEBMMR S H
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KWS Comment Boutleneck Tput (Mops) | Power Efficicncy (Kops/W) | Avg Delay ips) |
GET | PUT | GET PUT | GET PUT |
Memcached [25] Traditional Core synchronization 1.5 1.5 -5 ~5 | =50 ~ 500
Mem(C3 [23] Traditiomnal 08 network stack 43| 43 ~14 ~14 | ~50 ~30
RAMCloud [59] Kermel bypass Dispatch thread i I ~20 ~3.3 5 14
MICA [51] Kemel bypass, 24 cores, 12 NIC poris | CPU KV processing 137 | 135 342 337 El Bl
FaBM [18] One-sided RDMA for GET RIDMA NIC & 3 ~30(261) ~15 4.5 ~10
DrTM-KV [72] One-sided RDMA and HTM RDMA NIC 1152 | 143 | ~500(3972) ~hi) 34 63
HERD' 16 [37] Two-sided RDMA, 12 cores PCle 983 | =60 ~U) ~3H) 3 5
Xilinx' 13 [5] FPGA (with host) Metwork 13 13 L3 106 | 3.5 4.5
Mega-KV [75] GPU (4 GiB on-boand RAM) GPU KV processing 166 B ~330 ~160 | 280 280 |
KV-Direct (1 NIC) Programmable NIC, two Gen3 x8 PCle & DRAM 180 | 104 | 1487 (5454) | 942 (3454) 4.3 54
KV-Direct (10 NICs) | Programmable NIC, one Gen3 x8 each | PCle & DRAM 12200 | 610 | 41T (4518) | 1708 (2259) | 4.3 54|

Table 3: Comparison of KV-Direct with other KVS systems under long-tail (skewed Zipl) workload of 10B tiny KVs.
For metrics not reported in the papers, we emulate the systems using similar hardware anc_~ occt owr sppedzinate
measurements. For CPU-bypass systems, numbers in parentheses report power difference under peak load and idle.

KV-Direct A B HFZ BB BN, B PENKVIEEMFHNDMALE, E%‘JE’]HA?‘%%%
MslabR FELE RS, ILFEHNIT3Z F{F FHreservation stationflcache (FEE K —
&, HMEHENcomMmItEXERAAE—TEEE, ﬁﬁWﬁﬁﬁ%E’\Jcommlt%XﬁﬁFﬁF
HARAL Fcachesi NEFERTT, TTINEREEIER) , %, WLKV-Directif ZEFPGAH LI
7 XKVHjvectorig e, X%, BLEER A,

KIS

%4, JCLARDMA k9B FaRMit X, MRAMCIoudEZNHXNGFHEHHNENE (X
JLE) , XL T SILKESecondary& 35| (HIEESHEXNETEENR) .

[FaRM: No compromises: distributed transactions withconsistency, availability,
and performance](http://sigops.org/sosp/sosp15/current/2015-
Monterey/printable/227-dragojevic.pdf)

[Design Guidelines for High Performance RDMA Systems]
(https://www.usenix.org/system/files/conference/atc16/atc16 _paper-kalia.pdf)

[RAMCloud: Log-structured Memory for DRAM-based Storage](
https://www.usenix.org/system/files/conference/fast14/fast14-paper_rumble.pdf)

[SLIK: Scalable Low-Latency Indexes for a Key-Value Store]
(https://www.usenix.org/node/196191)

KV-Direct UM e HIEEHERBEIBEREL, ERXNiXtBEKS. 5RAMCloud.
FaRM#EtL, KV-Direct;x F LM on-disk logging (—NEFEHFHEEEEEIBIFALE) |
transaction, AN EBZFIN, IHRBREERERER., WiXHRFNMEREIEERANRE
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MM A BEIR, KFEFENBEEASMUIEE, XEKSPZREBBORBERN, E
KV-Directtym s IEFHE,

---- FPGA ----

EREFIHAKTGPUNRER, FPGARNEAGENER, —REEATHRIMNEE Mt
B, ME4E. nE. MELE (WEEICBRZEVEXAERGEEIMNREMNE) . EHML
MITHE (W% AEPage Rank) &%, HIEFH OEK LN KEFPGAFEBEZ LI,
gnCatapultith L4844, T ABIngHE A48 Z= A1 M TTHEFF AR &5

[A Cloud-Scale Acceleration Architecture]
(ftp://ftp.cs.utexas.edu/pub/dburger/papers/MICRO16.pdf)

FPGA. ASIC. GPU. SmartNIC, RDMA_, NVM. SR-IOVEEBEEMIEEME, #SkHEE
R, BESENEMGE. RAENFRTEMHEITE, #WikEAccelerator, ASICH T
Google RE# I ERHGATPU, GPUI ZBFRES>, SmartNICEARE /I X HTE
M+; ROMARASREE AL, NELRF|SSDERIRE, WETEXLA (FUHEEBRAR L
KNEEE) ; NNMEBIE T BFlashiE 5 PCle. #FNVMethil . B HEFEL. (&
SCSI/SASIE$ESSD) , ERFHF#ERZMcacheFjournalIEEHE, SR-IOVEZIEWKE
HREIAPF. VREEHNLA, BARTHRAMIOERMELFFHERMNZRER A (RILEN B
HRIXE, REAMRSEAFEFZRT &REEEIntelVT-d, VT-i, VT-c, VT-x) .
X%Accelerator, MSEESERITEMELLHABE.
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