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Query compilation

select A from T where B < 5

Relational operator tree

Table scan T

Selection B < 5

Projection A

Generated code

for t in T:
if t.B < 5:

result.append([A])

✓ especially effective for complex queries and expressions

✓ flexible: generate arbitrary code for use cases that are difficult with interpretation
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Building a compiling engine: three goals

1. High-quality machine code

• Compiled queries have, by definition, super hot loops
• Otherwise advantage shrinks compared to interpretation

2. Low compilation latencies

• Otherwise they can dominate end-to-end time for small datasets

3. Low engineering effort

• Compilation often seems to be difficult to database engineers
• Portability: not only x86, but also ARM,. . .
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The design space today: pick two

. . . but also other domains like ML face similar engineering challenges
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MLIR: one IR, many levels of abstraction

MLIR

Meta compiler framework
supporting hierarchies of
Intermediate Representations

Allows anyone to define their own
IR dialect
• Type system and operations
• Compiler passes
• Lowering to other

dialects/IRs (e.g. LLVM)

%0 = relop.basetable "lineitem"
%1 = relop.selection %0 (%t) {

%p = relop.getcol %t @l_extendedprice
%r = db.cmp lt, %p, %c

}

(a) high-level relational operators

scf.for %i = %c0 to %n step %c1 {
%p = ptr.load %col[%i] : db.decimal<10,2>
%lt = db.cmp lt, %p, %c
scf.if %lt { ... }

}

(b) structured control flow, database types

^loop(%i: index):
%q = ptr.load %col[%i] : i128
%lt = arith.cmpi slt, %q, %c24
cf.cond_br %lt, ^match, ^next

(c) basic blocks: cf + arith + ptr
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LingoDB: query optimisation and compilation, all in MLIR

Query
Parsing

RelAlg
Dialect

SubOp
Dialect

Basic MLIR
Dialects

Compiler Frontend Pipeline

LLVM MLIR
Dialect LLVM-IR LLVM JIT

Backend

Compiler Backend PipelineOptimization Optimization
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LingoDB Performance

TPC-H TPC-DS0

10

20

30

40

50

60

70

80

7.56 11.20

LingoDB / LLVM: avg. latency per query (ms), x86
Execution (SF1)

3.5× – 6.2×
more time spent compiling than executing,
at scale factor 1

Two independent causes
1. LLVM is a general-purpose

backend.

2. MLIR’s flexibility has a price.
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MLIR: almost all three

Low latency Code quality Low effort &
portability

Generate C / C++ ≈1 s ✓ ✓

Emit LLVM-IR ≈35 ms ✓ ~
Use specialized backend (e.g. MIR) ≈5–10 ms ~ ✗

Custom backend (HyPer, Umbra) ≈1 ms ✓ ✗

MLIR (LingoDB, Daphne,
NebulaStream) ? ✓ ✓

Low latency: ≈50 ms −→ ≈1 ms ?
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Faster backend

TPDE: a framework for building fast backends
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liveness analysis • register allocation • calling conventions
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EncodeGen
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Snippets: instruction selection, for free

// snippet for adding two 32-bit unsigneds
unsigned addU32(unsigned a, unsigned b) {
return a + b;

}

bool compile_arith_addi(IRInstRef inst) {
auto lhs = val_ref(inst->getOperand(0));
auto rhs = val_ref(inst->getOperand(1));
auto res = result_ref(inst);
switch (bitwidth) {

case 32: return encode_addU32(...);
...

}
}

generate encoder from snippet

use generated encoder 10
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Custom database operations, without custom assembly

// does the 16-bit filter in the pointer’s
// upper bits match this hash?
bool ptr_tag_matches(void* ptr, uint64_t hash,

void* bloomMaskPtr) {
uint64_t slot = hash >> 53;
uint16_t tag = ((uint16_t*)bloomMaskPtr)[slot];
uint16_t entry = (uint16_t)(uintptr_t) ptr;
return (tag & (entry ^ 0xFFFF)) == 0;

}

• one C function for defining the semantics

• portable: machine-code on every ISA

What still has to be written per architecture
• Calling conventions

• Control flow

• Symbol resolution

• Instruction fusion
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Integration into LingoDB

Query
Parsing

RelAlg
Dialect

SubOp
Dialect

Basic MLIR
Dialects

Compiler Frontend Pipeline

LLVM MLIR
Dialect LLVM-IR LLVM JIT

Backend

MLIR-TPDE
Backend

Compiler Backend Pipeline
Optimization Optimization

12



The backend: compilation latency

TPC-H TPC-DS0

10

20

30

40

50

60

70

80

0.57 1.53

10.88

25.6826.17

69.57

Total backend latency per query (ms), x86 -- lower is better
MLIR-TPDE
LLVM O0
LLVM Opt

Why?
• TPDE: faster code generation than LLVM
• much less preparation time in MLIR (13 – 16×)

✓ even beats Hyper’s hand-written custom backend

13
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. . . and the code it generates is good

TPC-H SF10 TPC-DS SF100

20

40

60

80

100
77

.2

95
.0

76
.8

95
.8

66
.1

81
.3

Execution time per query (ms) -- lower is better

MLIR-TPDE LLVM O0 LLVM Opt
14



Getting MLIR out of the critical path

1. Context pooling (-0.5ms)

3. Cheaper pattern rewrite logic

2. No verification after every pass

4. Proactive folding instead of cleanup

15
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Halving MLIR’s intrinsic overhead
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End-to-end latency at scale factor 1
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End-to-end latency at scale factor 10
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Implementation effort
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Conclusion

You can have all three with MLIR & TPDE
• Low enough compilation latency
• High-quality code
• Low engineering effort and portability

Reusable
• Everything open-sourced through LingoDB
• Other MLIR users can also benefit

Future
• LingoDB already runs fast on GPUs (stay tuned)
• compilation times (LLVM/NVRTC) can again dominate
• MLIR-TPDE backend for Nvidia/AMD/...

→ Talk to me if you are interested

Try it out!
Code: github.com/lingo-db/lingo-db

Website: www.lingo-db.com
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Thank you!
Questions?

Code: github.com/lingo-db/lingo-db Website: www.lingo-db.com

github.com/lingo-db/lingo-db
www.lingo-db.com

