Alessandro Rubini, Federico Vaga
Independent consultants in Pavia, Italy.
Working for CERN "hardware and timing" group

Copyright & 2011,2012 = Alessandro Bubini, Federico Vaga, CC=-BY=BA 3.0 Unported




The Requirements (hard)

Hardware timestamps (better than 1ns precision)
Big data blocks (stripes of many samples)
Off-line management of data blocks

High data rate

Easy monitoring of a diverse I/O environment



The Requirements (soft)

Sysfs-based configuration

No ioctl(2) thank you

Centralized locks (drivers must ighore the issue)
Modular design (each object should be replaceable)

A documented and stable framework



» Input: collect data at a specific time or event

» Qutput: drive waveforms at a specific time or event

« TDC: returns the timestamp of an input pulse
« DTC: outputs a pulse at a predefined time stamp



trigger
instance

buffer buffer
instance instance



ZIO framework hierarchy

level 3
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Control Structure

i byte 0 */

winkE_t majos_wszEion;

winkd b minoE_wezsion

wint®_t mors_cbrl; £ nambstr of further ctrl. for interleawvsd
winkZ_+ alazm=a; £+ aek by chanmal, pazaiztant, writa 1 Eo clz

= byke 4%/

winkIr & zag mos; v Black sequance namkas

wink3I2 & Elags; F* endiannsss eke, ses Below

wint3Ii_t mzamples: £ namkss of zarplax in this deta bBlock

F* Bpke 16 =/

wintlf_t zzize; £ marpplea-zize for sach of them w0 bytes
winklE_k abits: Fi pla=bita: = =F walid kiksz
winkls_t on=t i F* imde=n of champel-z=t withim deyics
wintlf_t chan_i; £ wndasn of chamnal within czet

f* bybe 24 =
winti _t hostid[¥]: " Macaddrezz or whatsvar wniqes

F* byk= 32 %
steuct mic_timsztamp tsbaom:

7* byte 36 =/
wink3Ir_t mam_cEfaak; f* pozition in nomap buffsr of thiz block
winkIr & reserwved; f* pessikly ansbhes sffssk, oe spase fse GUb

J* byba B4 *f

F* Tha combzel block includesz whak devics the daba kslangs ko )
char deynams [FI0_DBJ_NARE_LEN| ;

v byka TE +

J* Each data block iz azzociatsd with & triggsr amnd Ltz features -y
‘has trigg [ROO_CHI_NWAME_LEM| ;

F* byts &8 =/

zteuct zio_ctrl_atkr atkr_chanmnal;
stewct rlo_ctrl_atkr atbr_telgger:

/* byta 483 4
winkd_t __fill_snd[FIC_DOONTROL_SIRE — 480];




For ZIO, it is simply a group of csets.



« Event-driven (external interrupt or hardware-internal)

» Data-driven (in-driver monitoring or hardware-internal)

» Transparent (requests I/O when user reads or writes)



. Vmalloc-based (mmap capabie)

» DMA-oriented (maybe device-specific)
* On-board memory (device-specific)

» Software ring buffer (discarding metadata)



Input Data Flow

This is the input pipeline in ZIO (time flows down)

user file
space operations buffer trigger driver device
alloc_block (
() input_cset
>
data_done <
store_block
retr_block
read i alloc hlnckg
< .
free_block O




Output Data Flow

The output pipeline is symmetrical

user file
space operations buffer trigger driver
write
alloc_block

_J store_block

retr_block

output_cset

device

data_done

~
3 free_block




Char Devices

Data and metadata travel in two different devices

Control device: 512-byte fixed-size structures
Data device: blobs of samples

chO - control - C C C c
chO - data D D D D D

chl - control ' c C C c
ch1 - data D D D D D

Data flow (input or output)




Mmap Support

Using mmap (or DMA to user space) is trivial

The control structure includes the data_offset

chO - control

The control channel times I/O and refers to mmap data



The Future: PF_ZIO

The next research idea is PF_ZIO, for I/O networks

SOCK_RAW



PF ZIO is not ZIO over Ethernet

Applications will perform I/O by exchanging frames

The PF_ZIO address space is /O channels

A host may drive hundreds of channels over a field bus
Sockets may prove better than hundreds of char devices

Zero-copy networking will help with high data rates



Implementation Status (2012-02-05)

Software-only modules, for stress-test and benchmark
Simple hardware modules
(Hardware for the real use-case is almost ready)

device: zio-zero (input and output, raw or timely)
device: line discipline (input: uart or pty for stress-test)
device: GPIO (input and output)

device: AD7888/AD7887 (SPI input)

device: TDC/DTC

trigger: kernel timer
trigger: transparent trigger (user-driven)
trigger: external irq or external GPIO

buffer: kmalloc
buffer: vmalloc (mmap capable)
buffer: cbuf (SOCK_STREAM alike, coalescing blocks)



nttp://www.ohwr.org/projects/zio/repository
nttp://www.ohwr.org/projects/zio/wiki
nttp://www.ohwr.org/projects/zio/documents
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