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OLAP

Online Analytical Processing
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“A historia nao se repete, mas rima.”

Mark Twain
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10, 000x
Real-Time Payments

The World is Becoming
More Transactional

In the past 10 years, transaction volumes surged 100x-1,000x
across cloud, energy, and gaming — and up to 10,000x in
real-time payments. Mainframe or not, legacy systems are at
a breaking point.
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Energy, Ride-Sharing

100x
In-Game Economies
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OLTP

Online Transaction Processing
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A filosofia por tras do processo de
desenvolvimento do TigerBeetle

Rafael Batiati

Senior Engineer @ TigerBeetle

x.com/rbatiati
github.com/batiati
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101 = Systems Programming

“A way of modeling
software development’ &

Andrew Kelley
Criador da linguagem
de programacao ZIG

https://youtu.be/Qncdi-Fgo-I
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101 = Systems Programming

“The purpose of abstracting is not to be vague,
but to create a new semantic level in which
one can be absolutely precise.”

Edsger W. Dijkstra
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101 = Systems Programming

The Power of Zero
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“Go slow to go fast”
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fn execute_expire_pending_transfers(self: *StateMachine, timestamp: u64) usize

assert(timestamp > self.commit_timestamp);
assert(self.scan_lookup_results.items.len > 0);

//

assert(result_count < result_max);

assert(self.scan_lookup_buffer_index > 0);
assert(self.scan_lookup_buffer_index = result_count * @sizeOf(Transfer));
for (transfers_pending, 0..) |*p, index| {
assert(p.flags.pending);
assert(p.timeout > 0);

const event_timestamp = timestamp - transfers_pending.len + index + 1;
assert(TimestampRange.valid(event_timestamp));
assert(self.commit_timestamp < event_timestamp);

const expires_at = p.timestamp + p.timeout_ns();
assert(expires_at < event_timestamp);

const dr_account = self.get_account(p.debit_account_id);
assert(dr_account.debits_pending > p.amount);

const cr_account = self.get_account(p.credit_account_id);
assert(cr_account.credits_pending > p.amount);

// Pending transfers can expire in closed accounts.
assert(dr_account.flags.closed or !dr_account.flags.closed);
assert(cr_account.flags.closed or !cr_account.flags.closed);

//

const transfer_pending = self.get_transfer_pending(p.timestamp);
assert(p.timestamp = transfer_pending.timestamp);
assert(transfer_pending.status = .pending);
self.transfer_update_pending_status(&transfer_pending, .expired);
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fn execute_expire_pending_transfers(self: *StateMachine, timestamp: u64) usize {

assert(timestamp > self.commit_timestamp);
assert(self.scan_lookup_results.items.len > 0);

//

assert(result_count < result_max);
assert(self.scan_lookup_buffer_index > 0);
assert(self.scan_lookup_buffer_index = result_count * @sizeOf(Transfer));

for (transfers_pending, 0..) |*p, index| {
assert(p.flags.pending);
assert(p.timeout > 0);

const event_timestamp = timestamp - transfers_pending.len + index + 1;
assert(TimestampRange.valid(event_timestamp));
assert(self.commit_timestamp < event_timestamp);

const expires_at = p.timestamp + p.timeout_ns();
assert(expires_at < event_timestamp);

const dr_account = self.get_account(p.debit_account_id);
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fn execute_expire_pending_transfers(self: *StateMachine, timestamp: u64) usize {

assert(timestamp > self.commit_timestamp);
assert(self.scan_lookup_results.items.len > 0);

//

assert(result_count < result_max);
assert(self.scan_lookup_buffer_index > 0);
assert(self.scan_lookup_buffer_index = result_count * @sizeOf(Transfer));

for (transfers_pending, 0..) |*p, index} {
assert(p.flags.pending);
assert(p.timeout > 0);

const event_timestamp = timestamp - transfers_pending.len + index + 1;
assert(TimestampRange.valid(event_timestamp));
assert(self.commit_timestamp < event_timestamp);

const expires_at = p.timestamp + p.timeout_ns();
assert(expires_at < event_timestamp);

const dr_account = self.get_account(p.debit_account_id);
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11 for (transfers_pending, 0..) |*p, index| {
12 assert(p.flags.pending);
13 assert(p.timeout > 0);
14
15 const event_timestamp = timestamp - transfers_pending.len + index + 1;
1 02 — 16 assert(TimestampRange.valid(event_timestamp));
— 17 assert(self.commit_timestamp < event_timestamp);
18
19 const expires_at = p.timestamp + p.timeout_ns();
20 assert(expires_at < event_timestamp);
Tempo = ..
22 const dr_account = self.get_account(p.debit_account_id);
23 assert(dr_account.debits_pending > p.amount);
24
25 const cr_account = self.get_account(p.credit_account_id);
26 assert(cr_account.credits_pending > p.amount);
27
28 // Pending transfers can expire in closed accounts.
29 assert(dr_account.flags.closed or !dr_account.flags.closed);
30 assert(cr_account.flags.closed or !cr_account.flags.closed);
31
32 //

33



11 for (transfers_pending, 0..) |*p, index| {
12 assert(p.flags.pending);
13 assert(p.timeout > 0);
14
15 const event_timestamp = timestamp - transfers_pending.len + index + 1;
1 02 — 16 assert(TimestampRange.valid(event_timestamp));
— 17 assert(self.commit_timestamp < event_timestamp);
18
19 const expires_at = p.timestamp + p.timeout_ns();
20 assert(expires_at < event_timestamp);
Tempo = ..
22 const dr_account = self.get_account(p.debit_account_id);
23 assert(dr_account.debits_pending > p.amount);
24
25 const cr_account = self.get_account(p.credit_account_id);
26 assert(cr_account.credits_pending = p.amount);
27
28 // Pending transfers can expire in closed accounts.
29 assert(dr_account.flags.closed or !dr_account.flags.closed);
30 assert(cr_account.flags.closed or !cr_account.flags.closed);
31
32 //

33



u
102 =

Tempo =

21
22
23

25
PA
27
28

30
31
32
33
34
35
36
37
38
39
40
41 }

//

assert(expires_at < event_timestamp);

const dr_account = self.get_account(p.debit_account_id);
assert(dr_account.debits_pending > p.amount);

const cr_account = self.get_account(p.credit_account_id);
assert(cr_account.credits_pending > p.amount);

// Pending transfers can expire in closed accounts.
assert(dr_account.flags.closed or !dr_account.flags.closed);
assert(cr_account.flags.closed or !cr_account.flags.closed);

//

const transfer_pending = self.get_transfer_pending(p.timestamp);
assert(p.timestamp = transfer_pending.timestamp);
assert(transfer_pending.status = .pending);
self.transfer_update_pending_status(&transfer_pending, .expired);
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1 fn transfer_update_pending_status(
2 self: xStateMachine,
3 transfer_pending: xconst TransferPending,
1 02 E f 4 status: TransferPendingStatus,
I
— S Or 5 ) void {
g 6 assert(transfer_pending.timestamp % 0);
7 assert(transfer_pending.status = .pending);
8 assert(status = .none and status s .pending);
n 9 u
Tempo — DeSIQn + | 10 self.forest.grooves.tranéfers_pending.update(.{ ; + InCIdenteS
11 .old = transfer_pending,
12 .new = §.{
13 .timestamp = transfer_pending.timestamp,
14 .status = status,
15 },
16 });
17}
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Federico Lorenzi
https://youtu.be/P9nLS2reUOo0
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fn sum_two_numbers(a: int, b: int) int {
return a + b;

}

1 02 — I fn test_sum_two_numbers() void {

const sum = sum_two_numbers(1l, 2);
expect_equals(sum, 3);

Tempo =1 }

Deterministic Simulation Testing
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fn sum_two_numbers(a: int, b: int) int {
const sum = a + b;
assert(sum >= a);

1 02 I assert(sum >= b);

return sum;

}

Tempo = [ fn fuzz_sum_two _numbers() void {
for (0..10_000) {
const a = random_int();
const b = random_int();
const sum = sum_two_numbers(a, b);
expect_equals(sum, a + b);
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fn sum_two_numbers(a: int, b: int) int {
const sum = a + b;
assert(sum >= a);

1 02 I assert(sum >= b);

return sum;

}

Tempo = [ fn fuzz_sum_two _numbers() void {
for (0..10_000) {
const a = random_int();
const b = random_int();
const sum = sum_two_numbers(a, b);
expect_equals(sum, a + b);
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Y ./zig/zig build fuzz -- lsm_scan

info(fuzz): Fuzz seed = 2372797884104813212

info(lsm_scan_fuzz): commits = 986

info(lsm_scan_fuzz): query_specs[0]: (index_02 OR index_07 OR index_08 OR index_10) ascending

info(lsm_scan_fuzz): query_specs[1]: (index_01 AND index_11 AND (index_07 OR index_09 OR index_05 OR index_06) AND
index_08 AND (1index_03 OR (1index_04 AND index_13) OR index_10)) descending

info(lsm_scan_fuzz): query_specs[2]: ((((index_06 OR index_09) AND index_04 AND index_02 AND index_08) OR (index_03
AND index_05) OR ((index_11 AND index_13) OR index_01 OR index_10))) ascending

info(lsm_scan_fuzz): query_specs[3]: (index_12 AND index_04 AND index_06 AND index_11 AND index_02) descending
info(lsm_scan_fuzz): query_specs[4]: ((index_08 OR index_01) AND index_03 AND (index_09 OR index_05 OR index_12 OR
index_04 OR index_06) AND index_02) ascending

info(lsm_scan_fuzz): query_specs[5]: (index_08 OR index_13 OR index_02 OR index_07 OR index_10) descending
info(lsm_scan_fuzz): query_specs[6]: (((index_10 OR (index_11 AND index_05 AND index_08) OR index_04 OR index_09) AND
(index_13 OR index_03) AND index_07 AND (index_12 AND index_06))) descending

info(lsm_scan_fuzz): query_specs[7]: (index_07 AND (index_09 OR (index_05 AND index_08 AND index_13) OR index_02 OR
index_01) AND index_12) descending

info(lsm_scan_fuzz): Passed!

info(fuzz): done in 30.456s

Deterministic Simulation Testing
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> ./zig/zig build fuzz -- 1lsm_scan

info(fuzz): Fuzz seed = 2372797884104813212

info(lsm_scan_fuzz): commits = 986

info(lsm_scan_fuzz): query_specs[0]: (index_02 OR index_07 OR index_08 OR index_10) ascending

info(lsm_scan_fuzz): query_specs[1]: (index_01 AND index_11 AND (index_07 OR index_09 OR index_05 OR index_06) AND
index_08 AND (1index_03 OR (1index_04 AND index_13) OR index_10)) descending

info(lsm_scan_fuzz): query_specs[2]: ((((index_06 OR index_09) AND index_04 AND index_02 AND index_08) OR (index_03
AND index_05) OR ((index_11 AND index_13) OR index_01 OR index_10))) ascending

info(lsm_scan_fuzz): query_specs[3]: (index_12 AND index_04 AND index_06 AND index_11 AND index_02) descending
info(lsm_scan_fuzz): query_specs[4]: ((index_08 OR index_.01) AND index_03 AND (index_09 OR index_05 OR index_12 OR
index_04 OR index_06) AND index_02) ascending

info(lsm_scan_fuzz): query_specs[5]: (index_08 OR index_12 OR index_02 OR index_07/0R index_10) descending
info(lsm_scan_fuzz): query_specs[6]: (((index_10 OR (index) 11 AND index_05 AND index_08) OR index_04 OR index_09) AND
(index_13 OR index_03) AND index_07 AND (index_12 AND index_06))) descending

info(lsm_scan_fuzz): query_specs[7]: (index_07 AND (index_09 OR (index_05 AND index_08 AND index_13) OR index_02 OR
index_01) AND index_12) descending

info(lsm_scan_fuzz): Passed!

info(fuzz): done in 30.456s

Deterministic Simulation Testing
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fn assert(ok: bool) void {

Tempo : if (lok) X{ie(iei e
}
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“Cultivar confianca e se divertir”
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Muito obrigado!

> Perguntas?

> Comentarios! .
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