The Kernel




The Kernel

Scheduler: Round-Robin, Priority Queues, Tree Flavours
Scheduler Actors: Features, Timers, Async |/0O

Streams Backends: Zero-copy, Message Passing

_inear Backends: Async |/O Disk Streams, Network Streams
ndexed Backends: Timers, Actors

Backpressured Message Bus/Buffers: Arc/Vec prealloc
Class: Low Latency, Real Time




Linear: MQ, EXT, DISK, NET
Trees: TIMERS InterCore BUS
Priority Queues: TASKS, IRQ

CPU#1 CPU # 1 SPU # 1
MQ TIMERS CLUSTER
reactors TASKS
system streams
DISK NET

app streams



1O MIO compatible polling loop based on Readiness Queue

READINESS NODES
SERVER POLL

SELECTOR
CONN #1 OS: EPOLL WAIT

CONN #2 EVENTS EVENT TOKEN READY



MQ

SPSC/LINK

MPSC/SUB

SPMC/PUB

Queue lypes

4-10ns Lowest Latency Possible
10-40ns Reducer or Subscribe Polling

10-40ns Publisher Multicursor



EAST DELIVERY CASE Single Threaded Task Configuration
to be compared as reference

/O TASK CPU TASK /O TASK

NET LINK NET

You can use inplace message modiftying and reduce copies to unpack and pack.



LOAD BALANCING CASE

HIGH PRIO STREAM

INPUT NET

MULTI CURSOR

PUB

HASH
SELECT

Load Balancing
of Priority Streams per Core
Buckets

LINK CORE CTX
LINK SUR NET
PRIO
POLL
LINK

LOW PRIO STREAM

OUTPUT



PUBLISHER CASE

NET I/O

PUB Implementation for Zero-Copy
Multiple Consumer Publishing (SPMC)

Shifting
LINK
LINK/CORE #2
LINK
LINK/CORE #3
LINK



SUBSCRIBER CASE

LINK/
CORE #5

LINK/
CORE #4

_ocality
LINK/CORE #1 LINK
L 2/L3 FIT L INK
LINK/CORE #2
LINK
CAS

Multicursor Implementation of SUB (MPSC)
for InterCore Queue Migrations and Cache

NET I/O



TIMERS Scheduler Reactors can communicate
throught InterCore transport for Timers.

SYSQO TASK/CORE #1 TASK 1.1 TASK 1.2
SYSQ TIMER/CORE #1
OneShot NoDelete Normal

NoDelete Timers use Linear Firing Round Robin of 4 swaps otherwise LogN.



Tasks

TASK

STATE VEC

FSM

DATA

CODE

CUR #1 R/W

CUR #2 R

CUR #5 W

CNT #7

Cursors/Counters

O—OxFFFF
OxFFFF—OxFFFFOOOO

OxFFFFOO00—OxFFFFFFFF

00120090912090
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Capacity: 239 Time: 20
Workload: 48 Total: 400

2 lasks *

9O tasks

18 tasks

10 tasks

11 tasks

Avg Task Consumtion
Accumulated in the Task Stream

Polls * AvgTime = Capacity

# 10 polls

H2 6 polls
#5 3 polls

#4 1 poll

orios: [10,06,3,1]
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movdqu 16 (%rdx,%rax,4), %xmm2
|TERATORS movdqu 16 (%rdi,%rax,4), %$xmm3

pshufd $245, &xmm2 , % xmm4

pmuludg Txmm3, FIxXmm2
pshufd $232, xmm2 , % Xmm?2
e e/l eE o . pshufd $245, Txmm3, Txmm3
+/{X*Y}[ (1’3’4’5’6)’ pmuludg $xmmé4, $xmm3
(2;6;2;1;3)] pshufd $232,  %$xmm3,  $xmm3
punpckldg %xmm3, %$xXmm2
paddd gxmm2, %xmml
+/ {X*Y} [vecl;vec2] movdgqu (%rdx, %rax,4), %xmm2
movdqu (%rdi, %rax,4), %xmm3
. . pshufd $245, xmm2 , % xmm4é
vecl.i1ter().zip( vec?2 pmuludg  $xmm3, $xmm2
. . . pshufd $232, &xmm2 , % xXmm2
:lte]?( ) ) .map( ‘ (l’ J ) ‘ pshufd $245, Txmm3, FxXmm3
1 * J).sum() pmuludg  %xmm4, %xmm3

pshufd $232, xmm3, %xmm3
punpckldg %xmm3, %$xXmm2
paddd gxmm2, $xmmO




NTERPRETER Unified Cor.nbinators.of Language gnd Streams
INnterpretation for Unicore and Multicore

O VECTORS EFFECTS INTERCORE MULTI
Lambda Prior Scan Raise Alloc N
Call Filters Over Send/Recv Spawn
Cond Map Fold Read/Write Split
et AndThen OrElse Get/Set Join
(Ad)Verbs Random Timer

The motivation is to keep LLVM vectorizer continuous happy



APPLICATIONS

CME+Router Sample Application

TABLES =X
Prior Scan Add
Filters Over Cancel
Map Fold Delete
AndThen OrElse Change
Exec
Replace

ENCODER CME
Encode Bid
Decode Ask

Delete
Snapshot
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Console is listening...

>

ring[reader;mem[0;16]];
ring[writer;mem[0;16]];
cursor[l;writer;1];

split[1;2;50];

split[2;3;50];

split[1;4;50];

cursor[5;reader;1];

split[5;6;50];

split[5;7;overlapped];
reactor[aux;0;mod[console;network]];
reactor[timercore;l;mod[timer]];
reactor[corel;2;mod[task]];
reactor[core2;3;mod[task]];
spawn[1;80;AAPL;traderl;corel];
spawn|[2;80; EEM-SPY-GDX;traderl;corel];
spawn|[3;20;AMI;traderl;corel];
spawn|[5;80;G00G; trader2;core2];
spawn[4;80; FB-NFLX-AMZN;trader2;core2];
timer[timerl;corel;SPY;rulel;tl;notify];
list[reactors];

list[rings];

list[cursors;writer];

list[corel];

list[timercore];

send[1l;messagel];

send[1l;message2];

dump[l;mem[0;100]];

show[recv;1];

Te
register

send

SYyNC

seqQ

spawn

CUrsor

reactor

rng
Jjoin

split

timer

15



12x CPU Cores: In: [1]

PUB[1] 1.[1—6]

B0O0OkKS

Sequential

3x352K MEM Regions:

Order Books: [2,3,4,5,6,7] Traders: [8] Out: [9]

IBM:[2] 2:[7.8] T1.[8] 5:[12] SUB:[9]
IBM:[3]

AAPL:[4,5] 3:[9] T2:[8] 6:[13]

MSFT:[6,7] 4:110,11] 15:[8] /:[14]

Input Queue: [1] Reducing Queues: [2,5,4,5,0,/]
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12x CPU Cores: In: [1] Order Books: [2,3,4,5,6,/] Traders: [8] Out: [9]
Venues: [10,11]

PUB:[1] 1:[1—6]

IBM:[2] IBM:[3] 6:[13] SUB:[9]
AAPL:[4,5] MSFT:[6,7]
B O O kS T1:[8] 2:[7.8] V1:[10] 4:11]
“arallel
12:[8] 3:[9,10] V2:[1] 5:712]

3x32K MEM Regions: Input Queue: [1] Reducing Queues: [2,5,4,5,0]
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Book: AAPL

1d side time

3 ASK 09:05:01
1 ASK 09:01:12
2 ASK 09:03:25
5 BID 09:08:42
4 BID 09:06:11
6 BID 09:09:37

123871012
192090139
716945237
134673465
: 784316783
: 834852874
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