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Execution Server (codename “Ember”) 

• Platform for complex BUY-side trading algorithms (HFT)

• Platform for Execution Algorithms and Smart Order Routing

• SELL side Market Making

• Platform for Exchange Matching Engines

• FIX Gateway for market data/order entry flows

U S E  C A S E S
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Functional Characteristics

• OMS / EMS

• Position Manager that supports custom projections (System-wide, 

Per-Account, Per-Trader, Per-Exchange, Per-Order Source, Per-

Contract, Per-Currency, Per-Product Root). Projections can be 

composed (e.g. Per-Trader and Exchange)

• Risk Limits can be defined at any projection:

• Order Price/Size Checks

• Long/Short Worst-Case Position Size

• Order Submit Rate

• Order Reject Rate

• Gross Trading Volume

• Max number of open orders

• Max Order Lifetime

• Max Order ACK timeout

• APIs:

• RPC API (TCP/UDP/IPC)

• FIX 4.4 Protocol API

• APIs to develop custom components: 

• Trading and Execution Algorithms

• Risk Rules

• Trading Connectors

• Order Router

• Message Transformers

• Normalized Data Model:

• Market-By-Level or Market-By-Order price feed (Level 2 / Level 3)

• Submit/Cancel/Replace Order Entry

• Mass Cancel

• Mass Status Request

• Optional Cancel on Disconnect
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Execution Server (codename “Ember”) 

• Designed for high availability (Replicated State Machine)

• Write-ahead logging of trading messages

• Synchronous low-latency message replication

• New Market Feed and Trading Data models

• 100..1000x better performance than Deltix 4.3 

• New concurrency model (wait & lock free, asynchronous)

• Current major version: 15+ production deployments

• Linux/Windows, Cloud

S T R E A M  P R O C E S S I N G  F R A M E W O R K  D E S I G N E D  F O R  T R A D I N G  D O M A I N

• Lock-free parallelism. In-memory state, replicated on cluster, no 

state sharing between threads

• CPU Affinity for critical threads

• Zero memory allocation in hot cycles (No Java GC pauses)

• Non-blocking IO

• Custom IEEE 754 compliant DECIMAL64 data type for prices and 

sizes (wider range than fixed point decimal, better precision than 

‘double’).
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Execution Server Building Blocks
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Execution Algorithms

• Built in Execution Algorithms:

• TWAP

• VWAP

• PVOL

• Iceberg

• Smart Order Routing (SOR) 

• SOR with internal crossing

• CLOB Matching Engine

• SDK to develop custom algorithms (Documentation, Samples, Test 

harness)

• Market Simulator

• Transaction Cost Analysis (TCA) Module
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Ember – Standalone Mode
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Ember – Active/Passive Mode
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• Market data state – Follower May be behind or ahead of 
leader (delivered via TimeBase)

• Trade Orders state:
• Includes all trading requests passed to execution 

venues
• May lose some unacknowledged trading requests 

(lost in transmission during failover)
• May not include last events from execution venues
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Ember Architecture

Deltix Execution Server (Ember)

TimeBase

Data Warehouse
ClickHouse,

RedShift,
...

FIX Drop Copy, ...

TimeBase Streams

TimeBase Topics

Market Data

COINBASE

BITFINEX

GEMINI

BINANCE

...

Execution Algos

Matching Engines

Trading 
Connectors

OMS, 
Replication,
Journaling,

Per-Exchange
 Pre-trade Risk

prices

FIX, REST/WS

Journal

Order Entry

COINBASE

BITFINEX

GEMINI

BINANCE

...

Java API

FIX API

ES
 M

es
sa

ge
 B

u
s

EX
EC

U
TI

O
N

 V
EN

U
ES

A
P

I C
LI

EN
TS

ES Monitor GUI,
Admin and Monitoring 

tools

REST/WS API

Deltix
Aggregator



CONFIDENTIAL  |  © 2020 EPAM Systems, Inc.

Ember Architecture

1010
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Journal Data Warehouse 
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FIX Gateway to Matching Engine
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Security

• Development follows OWASP top 10 standard:

• Spotbugs (with security plugin) 

• Dependency Check (scan of third-party dependencies against OWASP vulnerabilities database)

• SSL – data in transit encryption for FIX Gateway and Admin GUI

• HashiCorp Vault integration for secret management

• SSO (Ember Monitor GUI)

• UAC – user authentication and authorization (Ember Monitor GUI)

• Users, Groups (LDAP/ActiveDirectory)

• Permission Rules: { ALLOW/DENY, Principal, Operation, Resource }*
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Performance - Summary

Throughput

● FIX API Gateway: 120 000 order request/sec
● RPC API Gateway: 210 000 order request/sec

Tick-to-Order

● FIX API: Network packet-to-packet latency: 
median: 9.5 microseconds, 99P: 25 microseconds

● RPC API: RTT latency (measured on local client)
median: 5.1 us, 99P: 8.9 us
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Execution Server latency (IPC clients)
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Round Trip latency for co-located client (shared memory API). 

AWS c5.9xlarge instances with CentOS 7.4

No CPU isolation

RTT Latency (in nanoseconds) depending on Order Request rate (msgs/sec)
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Execution Server latency (UDP clients)
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Round Trip latency for closely-located client (UDP API). 

AWS c5.9xlarge instances with CentOS 7.4

No CPU isolation

RTT Latency (in nanoseconds) depending on Order Request rate
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Tick-to-Order Latency
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FIX Protocol: 

Inbound market data message to outbound order 

MIN       :        8 (microseconds)

50.0%     :       10

90.0%     :       12

99.0%     :       14

99.9%     :       16

99.99%    :       56

99.999%   :      108

99.9999%  :      277

99.99999% :      433

99.999999%:      433

MAX       :      433

RPC IPC API: Inbound order to outbound order 

0.000            3.168 (microseconds)

50.000           5.147

90.000           6.499

99.000           8.935

99.900          10.727

99.990          12.879

99.999          14.791

100.000         17.327

Network packet to packet latency (LIBPCAP)
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Tick-to-Order RTT Latency
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EPAM FIX Market Data Gateway – Performance Benchmarks

* No SSL encryption. FIX Gateway relies on third-party encryption solution. For example: STUNNEL or Load Balancer with SSL.

** Estimated network bandwidth, excluding TCP protocol overhead (headers, ACKs, etc). 

Number of FIX 
Gateways per server

Number of CPU 
cores utilized 

Number of FIX 
Clients

Total throughput 
FIX messages/sec*

Order Book 
Depth

Network bandwidth 
used Gigabit/sec **

1 2 200 320 K 5

2 4 200 520 K 5

4 8 200 532 K 5 1.7

4 8 300 796 K 5 2.7

4 8 400 1064 K 5 3.7

4 8 300 1196 K 10 7.0

Server: 1 x AWS C5.9xlarge (18 cores, 26 threads) – some CPU cores were unused, 
this server spec guarantees 10G network bandwidth
Clients:  4 x AWS C5.4xlarge – some CPU cores were unused

Detailed AWS Instances Specs are here.
At its peak configuration was $4.25/hour

https://aws.amazon.com/ec2/instance-types/c5/
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Q U E S T I O N S ?
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Execution Server Monitor: Telemetry screen
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Execution Server Monitor: Orders blotter
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Integration with Deltix (EPAM) AXA – Transaction Cost Analysis dashboard



CONFIDENTIAL  |  © 2020 EPAM Systems, Inc.

User Story –Market Maker in cryptocurrencies market

• uses Market Maker solution built on top of Ember

• Ember OMS keeps ~ 500 active orders on several markets and processes 

million+ of trading orders per hour in 24/7 mode. 

FIX Logs alone accumulate  4+ GB per day.
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Ember inside CryptoCortex
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Stream Processing Latency
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Trading Domain: Stream Properties and trade-offs
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Timebase 

Order Entry

Volume: Very high (2M+ msgs/sec per node)

Delivery: At most once, delayed data = junk, warm up mode

State: discardable

Source can replay events: Yes, but this is useless for RT applications

Market Data

Volume: Moderate (up to 250K msgs/sec)

Delivery: Exactly once, Asynchronous

Guaranteed for ACKed orders

State: must be recoverable

Source can replay events: No! (downstream systems are not idempotent)

Ember



CONFIDENTIAL  |  © 2020 EPAM Systems, Inc.

Ember Core – Spring 2017 
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Execution Server process
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