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Scenario

• Node.js web applications or services may want to access PV values in an IOC.

• Take Clog as an example, maybe someday it is required to display CSNS beam power PV value on the web page.
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Scenario

• Access PV values from IOC in Node.js?

– Option #1: From a PV server

– Option #2: Directly from the IOC

• A Channel Access client for Node.js is needed in Option #2.

4

Access PV values from a PV server Access PV values directly from IOC
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Search for existing Node.js CA client

• node-epics

– https://github.com/RobbieClarken/node-epics

– https://www.npmjs.com/package/epics

– FFI implementation

• epics-ioc-connection

– https://github.com/onichandame/epics-ioc-connection

– https://www.npmjs.com/package/epics-ioc-connection

– FFI implementation

• epics-tca

– https://www.npmjs.com/package/epics-tca

– Pure TypeScript/JavaScript implementation
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https://github.com/RobbieClarken/node-epics
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Search for existing Node.js CA client

• node-epics

– Not updated for almost 10 years

– Has been announced unmaintained
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Search for existing Node.js CA client

• epics-ioc-connection

– Not updated for almost 3 years

– May not work for recent Node.js versions
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Search for existing Node.js CA client

• epics-tca

– A pure TypeScript / JavaScript implementation of EPICS CA

– Developed by ORNL and is actively maintained 
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Scenario

• CA client for Node.js is useful in Node.js applications.

• node-epics and epics-ioc-connection are very useful CA clients.

• However, node-epics and epics-ioc-connection are almost obsolete.

• We decided to develop a CA client for Node.js with FFI implementation based on node-epics and 

epics-ioc-connection. In other words, re-implement node-epics and epics-ioc-connection.

• Note: I am not aware of the existence epics-tca until I finished the development of node-epics-ca, 

so the work described in the presentation is done based on an assumption that there is no 

actively-maintained CA client for Node.js.

9CA client for Node.js with FFI implementation
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Design
• FFI libraries / packages for Node.js

– ffi

▪ https://www.npmjs.com/package/ffi

▪ https://github.com/node-ffi/node-ffi

▪ Not updated for nearly 4 years

▪ Used by node-epics

– ffi-napi

▪ https://www.npmjs.com/package/ffi-napi

▪ https://github.com/node-ffi-napi/node-ffi-napi

▪ Not updated for nearly 2 years

▪ Used by epics-ioc-connection

– koffi

▪ https://www.npmjs.com/package/koffi

▪ https://github.com/Koromix/rygel/tree/master/src/koffi

▪ https://koffi.dev/

▪ Actively maintained by a software developer from 

France

▪ I finally chose koffi as FFI library to access EPICS CA 

shared library 10

ffi package

ffi-napi package

https://www.npmjs.com/package/ffi
https://github.com/node-ffi/node-ffi
https://www.npmjs.com/package/ffi-napi
https://github.com/node-ffi-napi/node-ffi-napi
https://www.npmjs.com/package/koffi
https://github.com/Koromix/rygel/tree/master/src/koffi
https://koffi.dev/
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Design

• node-epics-ca is developed based on node-epics and epics-ioc-connection.

• Use koffi as FFI library to access EPICS CA shared libraries

– FFI libraries (node-ffi and node-ffi-napi) that node-epics and epics-ioc-connection use are obsolete

• Optimize the monitor() method

– A PV can be monitored when its initial state is disconnected

• Take EPICS CA shared libraries directly from pyepics 3.5.1

– https://github.com/pyepics/pyepics/tree/master/epics/clibs

• References

– epics/ca.py in pyepics

– EPICS CA tools: caget, caput, camonitor
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Interface of node-epics-ca

https://github.com/pyepics/pyepics/tree/master/epics/clibs
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Implementation

• Load the shared library and register functions to koffi

13
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Implementation

• Create and connect channel

– Get or Put: create() and then connect()

– Monitor: register callback and create(), then emit “monitor” event in the callback 

14
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Implementation

• Get

– Request PV value and decode native pointer 

to JavaScript type in callback

– Wait 2 seconds for callback to resolve first, 

otherwise node.js may crash

– Node.js is asynchronous event-driven, the 

waiting does not affect JavaScript execution

15
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Implementation

• Put

– Convert JavaScript type to Buffer and put the 

Buffer value to PV

– Wait 2 seconds for callback to resolve first, 

otherwise node.js may crash

– Node.js is asynchronous event-driven, the 

waiting does not affect JavaScript execution
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Implementation

• Monitor

– Subscribe monitor of a PV with callback

– Decode native pointer to JavaScript type in 

callback

– Emit “value” event in callback

17
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Implementation

• Disconnect

– Clear subscription

– Clear channel

18
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Implementation

• Provide a user-friendly API like caget, caput and 

camonitor.

• Wrap get(), put() and monitor() methods of Channel.

19
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Usage

• Installation

– npm install node-epics-ca

• Environment variable

– NODE_EPICS_LIBCA

– NODE_EPICS_CA_PEND_IO_DELAY

– NODE_EPICS_CA_PEND_EVENT_DELAY

• Usage example directory

– https://github.com/wanglin86769/node-epics-ca/tree/master/examples

20
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Usage example #1: basic

21

node-epics-ca/examples/basic/caget.js

node-epics-ca/examples/basic/caput.js

node-epics-ca/examples/basic/camonitor.js node-epics-ca/examples/basic/cainfo.js
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Usage example #2 : service

• Implement a web service in Node.js

– Get PV value

– Put PV value

– Monitor PV value

– node-epics-ca/examples/service/server.js

• Packages

– express: web framework for Node.js

– ws: a Node.js WebSocket library

– node-epics-ca: EPICS Channel Access client for Node.js

• API example

– GET    http://localhost:3000?pv=calcExample1

– PUT    http://localhost:3000?pv=calcExample1&value=5

– WebSocket    ws://localhost:3001

22PVs for test
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Usage example #2: service

• Get PV value

23

Get PV value using Postman HTTP interface for get
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Usage example #2 : service

• Put PV value

24

Put PV value using Postman HTTP interface for put
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Usage example #2 : service

• Monitor PV value

25Monitor PV value using Postman 

HTTP interface for monitor
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Potential problem #1: Cannot find shared library

• Received a report that libCom cannot be loaded 

on Windows, since libca depends on libCom.

• Added path of libCom to %PATH% environment 

variable to fix the issue.

• Did not add the path to LD_LIBRARY_PATH or 

DYLD_LIBRARY_PATH, not sure whether the 

issue will happen on Linux or MacOS.
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Potential problem #2: Performance issue due to ca_pend_event() 

27

• ca_pend_event is used to wait the callback.

• However, ca_pend_event() behaves as a 

constant delay rather than event waiting 

inside get() and put() in node-epics-ca, 

which affects performance.

• Node.js is event-driven and single-thread, 

probably ca_pend_event() is not 

necessary, not sure so far.

• Therefore, the question is whether 

ca_pend_event() can be get rid of in 

Node.js environment.
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Potential problem #3: Deadlock issue when calling ca_clear_channel()

28

• Sometimes deadlock occurs when ca_clear_channel() is called multiple times.

• Also reported in epics-ioc-connection package

– https://github.com/onichandame/epics-ioc-connection/blob/master/src/ca/channel.ts

• Workaround is to add setTimeout() delay as suggested in epics-ioc-connection package to reduce the 

probability of occurrence.

Deadlock in node-epics-ca Deadlock in epics-ioc-connection

https://github.com/onichandame/epics-ioc-connection/blob/master/src/ca/channel.ts
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Potential problem #4: Package koffi lifetime issue

29

• Implementation of node-epics-ca heavily relies on koffi package

• koffi is a Node.js FFI library maintained by a software developer from France   

• Not sure how long the lifetime of koffi will be, hope it be supported as long as possible
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Summary

• node-epics-ca is an EPICS Channel Access client for Node.js with FFI implementation

• It is developed based on existing node-epics and epics-ioc-connection packages.

• The shared libraries in clibs directory are directly taken from pyepics.

• The FFI package in use is koffi.

• Github and npm package links

– https://github.com/wanglin86769/node-epics-ca

– https://www.npmjs.com/package/node-epics-ca

• Development team

– Design & Implementation: Lin Wang     wanglin@ihep.ac.cn

– Line Manager: Yuliang Zhang    zhangyl@ihep.ac.cn
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