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Abstract Heterogeneous storage/computing platform has been main-stream high performance

computing platform with the support of multicore processors, big memory and non-volatile
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memory techniques. The traditional database engines are co—designed for storage and compute,
the emerging databases employ separation of storage and compute and pushdown compute
techniques for novel distributed storage infrastructure. This paper introduces a novel in-memory
database implementation based on separation of manage, compute and storage technique, based
on separation of storage and compute, it further separates the dataset into meta dataset and value
dataset according to the characteristics of database schema, data distribution and workload. The
unified query engine is divided into meta data management engine, computing engine and storage
engine. The meta data with semantic information management is abstracted as independent
management layer, the non—semantic value storage and compute are abstracted as compute and
storage layers, and the compute-intensive workload is further defined as compute layer, the data-
intensive workload is defined as storage layer, the compute layer and storage layer can be
combined or separated according to different hardware configurations. The implementation of in—
memory database is designed as following levels: 1) schema optimization, separating value and
meta data in database to choose different storage and compute strategies according to the inner
data features; 2) data model optimization, the Fusion OLAP model supports the high
performance multidimensional compute on relational storage model; 3) algorithm optimizations,
using surrogate key index and vector index to support the optimal vector join and vector
aggregation for higher OLAP performance; 4) system design optimizations, the layered database
engine separates the mange and compute, storage and compute. and pushdown multidimensional
compute to storage layer. The experimental results show that the separation of manage, compute
and storage model can flexibly support hybrid CPU-GPU computing platform, hybrid DRAM-PM
(Persistent Memory) storage platform and external storage platform, by employing the open-
source in—memory column store Arrow as data storage engine for database and pushing down
multidimensional compute to Arrow storage engine, the OL AP implementation proves to be equal
performance as OLAP implementation co—designed for storage and compute in Star Schema
Benchmark, the OLAP performance outperforms the leading in—memory databases Hyper,
OmniSciDB and Arrow based GPU database PG-Strom.

Keywords in—memory database; separation of data and meta data; separation of storage and

compute; separation of manage, compute and storage; vector index
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select ¢ nation, s nation, d year,
sum(/o _revenue)as revenue
from customer, lineorder, supplier, date
where lo custkey=c custkey
and /o suppkey=s suppkey
and /o orderdate=d datekey
and c¢_region=‘ASIA’
and s region="ASTA’

and d year >=1992 and d year <=1997

group by ¢ nation, s nation,d year

I

N
VRN ,

T snation

N

lineorder Tenation gg region=*ASIA’

O0c¢ region="ASIA’ .
supplier

customer

c _nation, s nation,
d year, sum(lo revenue)

o d year>=1992 and
d year<=1997

initialize Dvec_c,Dvec_s,Dvec_d,Veclnx
for each tuple t in customer
if ¢ region=‘ASIA’
compress t in Dvec_c
for each tuple t in supplier
if s region=‘ASIA’
compress t in Dvec_s
for each tuple t in date
if d year>=1992 and d_year<=1997
compress t in Dvec_d
MDCompute
output Results
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workloads for in—memory databases, most of the solutions
focus on hybrid row-wise storage model and column-wise
storage model, hybrid CPU-GPU or DRAM-PM platforms
for OLTP and OLAP workloads, and concurrent control
between OLTP and OLAP data, etc. Beyond these solutions,
we can further explore how to design a unified framework with
schema perspective.

For OLAP workloads, the data are designed as
multidimensional dataset, the meta data describe the

dimensions, hierarchies and other attributes, the n—D space is
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filled with values which are described by meta data. For
relational database, the well-designed dimension tables are
meta data for multidimensional dataset with semantic
information, and the fact tables are only values without
semantic descriptions. In this paper, we separate the meta data
and values from OLAP dataset, the meta data and workloads
on them (update, query rewriting, query schedule, ---) are
defined as management layer, the non—semantic values on fact
tables and compute on them are defined as storage layer which
can further divided into compute layer and storage layer. With
the separation of management, compute and storage, we can
independently design the storage model and computing model
for each layer, how to deploy workload with specified
hardware, and how to combine OLTP and OLAP workloads in
the unified framework.

In this paper, we discuss the management—compute-

storage framework for nowadays in-memory databases. By

separation of meta data management workloads from the
OLAP workloads, we can move computing workloads from
database engine with more flexible external storage engine or
platforms to independently match the optimal configurations.
The compute on big fact table is accelerated by GPU and CPU,
or external Arrow with in—storage computing in experiments,
the experimental results show that the layered computing
framework can achieve high performance for OLAP benchmark.
This work is supported by National Natural Science
Foundation of China (61732014, 61772533) and Natural
Science Foundation of China Beijing (4192066). The target of
research is to exploit how to design a flexible framework for
new storage and hardware era. We combine the data and
compute for specified hardware for in-storage compute to
achieve higher performance and locality, the management-
compute-storage framework enables the independent compute

for different layers.
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