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/] LIRE—/TOv I DR
pub struct RegA<'a> { // 'a IZ&77HARS

mem_ptr: xmut u32, // &A1 VY IEFBREZEREZEZL

/] HHFAAFDELOY A B PhantomData* Z{FER L. BURIRDIENE 53 3,

_marker: PhantomData<&'a mut Parent<'a>>,
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neovim £ rust-analyzer(S 58T —/\—)CK > TRIRENDHEREDH

let ri: RegisterInterface<UloMapped> = RegisterInterface::new_with_addr()?;
L F@s505: binding ‘ri’ declared here
let |slr@} Slro<'_, UloMapped> = ri.slre();
L F@505: borrow of ‘ri‘ occurs here
// Accessing test register

let val: u32 =[slr@.control().general().test()[ol] read(); Legister/block object

println!("This 1s u32 value: {val:i#x} );
i once the parent 1s dropped, any children 1s no longer avallable

L —— F@505: cannot move out of ‘ri‘ because it is borrowed
move out of ‘ri' occurs here
slr@.control().general().dbgled()].read();
T Fob05:. borrow later used here
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- FPGA LIRS API [E XML TOL I RXIV WY THSHER,

» J7—LD T PERERICER
- software generator
- = c_(DI./"“Z@V“J TEHOEEDMREIC
L3 XYEOE K (> 10k LoC)
> ﬁ%ﬂ’(‘?—

<> csr.xml 4060
> Grammars <?xml version="1.8" encoding="UTF-8"7>
¥ xml <?xml version="1.0" encoding="UTF-8"7?>
DOCTYPE:module <!DOCTYPE module SYSTEM "L@MuonSectorlLogicModu
xml-model <?xml-model href="L@MuonSectorlLogicModule.xsd" type
module <module name="L@MuonSectorLogicProcessor" addr="0x0000
¥ block <block name="SLR@" addr="0x0000" size="0x4000" d
® block <block name="CONTROL" addr="0x0000" size="0x2000" m
¥ block <block name="GENERAL" addr="0x0000" size="0x100" |
W register <register name="initialize_csr" addr="0x000.
W register <register name="dbgled" addr="0x0010" desc="i
@ field <field name="ledl" mask="0x00000001" desc="DB
@ field <field name="1led2" mask="0x00000002" desc="DB
W register <register name="ttc_selector" addr="0x0020"
® field <field name="enable_ttc_emu" mask="0x1" defau
W register <register name="test" addr="0x0040" mask="@,
¥ block <block name="GTY" addr="0x0100" size="0x100" desc:
¥ block <block name="BCID" addr="0x0200" size="0x100" des
> ¥ block <block name="RAM" addr="0x0300" size="0x100" desc
|
%

%
%

block <block name="DRO" addr="0x0400" size="0x100" desc
block <block name="TRO" addr="0x0500" size="0x100" desc

CSR XML

D BEENE R (R (LB (CRE T S8 D) ZRETH

// PS board link ID
let link_nums
.slro()
.status()
.psb()
.link_num()
.read();
let bankl2@
link_nums.bank
bank120()~

bank121()~
hank122( )~

EHI7E AP

generator firmware code]

(RI generator ]—{softwa re code]

ri

link_nums.bank12@():

Method fn(&self) -> [bool; 4]

Method fn(&self) -> [bool; 4]
Methnd fnifealf) —-s Thnnl-: 41

VERENSD


https://gitlab.cern.ch/wotsubo/endcap-sl-software-ri-generator

12C HETHHD AXIIP FS51/\—

- AXI IP(AX] GPIO, INTC, Sys. Man. Wiz., Firewall)& 12C 24 (TMP431, FireFly, SFP+, LTC2991)
- HAL XU AXI NN\ O TV RICERL 2 /ﬂ;ﬁﬁd) RS/ \& UTEER(SL ERTIEELY)
- BUASKX—5—-"=EH

» |P DERECERBOERIREE BFHIIEHE RIR

» BURRE (typestate) OV S =00 Ar— VI VERB(AV/IATIVRICHRET B)

pub struct Tmp431<I2C, MODE, LOCAL, REMOTE>

where CLI, server apps.
I2C: i2c::I2c, // HALZEEZEICBIL TZHH / I\
. .. . R EE (7 R 1l@mu-endcap-sl
MODE : marker..mo\ii..Mode, // BURRE (ZRRE—F) Lomu-endoap-slos1i53xx
/] BF ¥ URIVDIRRE .Z/ \
LOCAL: marker::enable: :Enable, register-interface " impasl
REMOTE: marker::enable::Enable, axi-gpio firefly
{ axi-intc sff8472
- axi-firewall 1tc2991
/// BEREVSHALDZESR (e.g., I2cdev) system-management-wizard |
i2c: I2C, | embedded-hal
mmapped-reg l

linux-embedded-hal
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L 1Y¥— —PSboard ¥V —TJ1—2X

- LIRIYYVIIET7P—LDTT/IN—RD T PDE

CLI, server apps.

ExB<Z(ITVD / 1\
» {Bl]: 1 PS board D\ 3 DD I HEIZD 1O /7 16mu-endcap-sl
VOICEELSD > LIRIYEESES @?j?”*tﬁ?x
DL IR P OCRENSEENG S et —
» f5l: PS board EDL I XY PO axi-gpio firefly
. PS board & DBIE(CEHBOE— RHVEE ax i firowall Tteaoo1
LA P —RENSEFENMTSVTITS system-nanagenent-wizard o L
F UVOEE DBICK BN - PS board EIEHE mmappid_reg e
DU 5 (FFRBE FireFly 11 OISR E ) Linux-embedded-hat

» BRI KIEICHYE

» TAM(WZ DD JATHUD) IC DWTERIR(FE)

let board_1id = psb
.Tegisters()

.Tead_psboard_id(r1)
Reading a register on PS board
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— Board Support Crate(BSC)
- IS>—EESH
» Rust ([FResult<T, E>AEHHIT—YB(ADT)ICKBDATRNLIS—/\V R IIDZTS(BINELL)
» B VP—TCRRCBRIIS—%Z5SvILDD. IS—%ZenumCEEMHD
- BEUEETOO VT~ CLL EY—N\—TCRUCBEZERFITS
» ZENENOBEMIICIGU R trait #R&EL TULSD
» AV E(CLI
- =Y RELTRTRIT BDfcdHDtabled: : Tabled
- IS8 ITS5—-R9vVID%ZFRRI DEHDstd: :error: :Error
» H—/\—
- =Y . IS—BEEIC ISONNVYFPSA XTI DIz6|Cserde: :Serialize’xEiE
- IBAEOIKRE: EEZ(FIU T




CLl - FEY—/\—FE
. PTUT—232&0LT & 7 B
(X MPSoC CE#XET, 7 Xk - 7/\wIJH
[FIIRDATM Y DT T IL—LT—DO® axum L — Z2HUVWTER
» OF VDT tokio T X F LD tracing Z{HH
- EEETOO S LAICELUBIR2ZE A — "span” & "event”
- #RA 7 subscriber” & {ERT]8E (B 2E 1 /1P Grafana Loki, OpenTelemetry &)
. tokio MMutex&std: :sync::ArcZ{FE>T. XLYRKREAT/N\—ROxTP7IUYV—-XRZ=EHE
» ALY RZEMKERFIX Y RZHFTLELS TEDHSD — BTRBEINTWLSD
DOTRRIN\YEZSDOH
1 pub(crate) async fn read_s1_temp(
2 State(global_state): State<LOMue>,
) -> Result<Json<S1Tmp431Tmps>, ErrorResponse> {

trace!("read_s1_temp called");
let mut s1_tmp431ls = global_state.sl_tmp431ls.lock().expect("mutex poisoned");
Ok (axum: :Json(sl_tmp43ls.read_temp()?))

~N o o b~ W


https://crates.io/crates/axum
https://tokio.rs
https://crates.io/crates/tracing
https://docs.rs/tokio/1.48.0/tokio/sync/struct.Mutex.html
https://docs.rs/tokio/1.48.0/tokio/sync/struct.Mutex.html
https://docs.rs/tokio/1.48.0/tokio/sync/struct.Mutex.html

CLI & Server demonstration
record


https://asciinema.org/a/zpGaUdtKBw1DDOu6ce6t0868s

R/ELTV—SA05SVETPTUGT -3y .
CLI & Server demonstration
CLI

wotsubo@sl-2-2-xub5-eth@-01 ~> source (./1llslcli completion fish |
wotsubo@s1-2-2-xu5-eth@-01 ~> ./1lslcli si5395 -h
$i5395 commands

Usage: 1lslcli si5395 [OPTIONS] <SL_VERSION> <COMMAND>

Commands:
read Read configuration registers and check the values
check-1lol Check LOL (loss of lock)

write-params Write configuration parameters
hard-reset
soft-reset

help Print this message or the help of the given subcommand(s)

Arguments:
<SL_VERSION> Sector logic version [possible values: vi1, v2]

Options:
-v, --verbose... Increase logging verbosity
-q, --quiet... Decrease logging verbosity
-h, --help Print help (see more with '--help')

wotsubo@s1-2-2-xu5-eth@-01 ~> ./11lslcli si5395 v2 hard-reset
wotsubo@s1-2-2-xub5-eth@-01 ~> ./1lslcli si5395 v2 check-1lol
u50@ loss of lock

ub51 loss of lock

u52 loss of lock

u53 loss of lock

Error: some Si5395 is out of lock

wotsubo@s1-2-2-xu5-eth@-01 ~ [1]> ./1llslcli si5395 v2 write-params
A1l configuration completed

wotsubo@s1-2-2-xu5-eth@-01 ~> ./1lslcli si5395 v2 check-1lol
wotsubo@sl-2-2-xu5-ethe-01 ~> [

record
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CLI & Server demonstration

CLI

wotsubo@s1-2-2-xub-eth@-01 ~> source

record

(./1llslcli completion fish | psub )

Server and client

wotsubo@s1-2-2-xu5-
S15395 commands

Usage: 1lslcli si53

Commands:
read
check-1lol
write-params
hard-reset
soft-reset
help

Rea
Che
Wrif

Pri

Arguments:
<SL_VERSION>

Sec]
Options:
-v, --verbose...
-q, --quiet...

-h, --help

2025-10-03T20:43:46.947019Z DEBUG

io2/maps/map@

2025-10-03T20:43:46.947198Z INFO 1@mue_server: global state constructed
2025-10-03T20:43:46.947829Z INFO 1@mue_server: router constructed

2025-10-03T20:43:46.947952Z INFO 1@mue_server: serving the server...
2025-10-03T20:43:50.317747Z TRACE axum::serve: connection 130.87.28.60:49500 accepted
2025-10-03T20:43:50.318377Z DEBUG request{method=GET uri=/demo/read_deadbeef version=HTTP/1.1}:
request

2025-10-03T20:43:50.318451Z TRACE request{method=GET uri=/demo/read_deadbeef version=HTTP/1.1}:
2025-10-03T20:43:50.318617Z TRACE request{method=GET uri=/demo/read_deadbeef version=HTTP/1.1}:
iol/maps/map®@

2025-10-03T20:43:50.318712Z TRACE request{method=GET uri=/demo/read_deadbeef version=HTTP/1.1}:
/map@/addr: 0x0000000020000000

2025-10-03T20:43:50.318743Z DEBUG request{method=GET uri=/demo/read_deadbeef version=HTTP/1.1}:

ss: /sys/class/uio/uiol, addr=0xa@@0@00@, map=/sys/class/uio/uiol/maps/map@
2025-10-03T20:43:50.3189197 DEBUG request{method=GET uri=/demo/read_deadbeef
g request latency=0 ms status=200
~C2025-10-03T20:45:09.859210Z TRACE axum::serve:
2025-10-03T20:45:09.859339Z TRACE axum::serve: signal received, not accepting new connections
2025-10-03T20:45:09.859469Z TRACE axum::serve: waiting for @ task(s) to finish
2025-10-03T20:45:09.859757Z INFO 1@mue_server: exitting the app

wotsubo@s1-2-2-xu5-eth@-01 ~> I

version=HTTP/1.1}:

mmapped_reg::uio_mmapped: found uio matching address: /sys/class/uio/uio2, addr=0x80040000, map=/sys/class/uio/u

tower_http::trace::on_request: started processing

1@mue_server: from extractor: /demo/read_deadbeef
mmapped_reg::uio_mmapped: reading /sys/class/uio/u

mmapped_reg::uio_mmapped: /sys/class/uio/uiol/maps

mmapped_reg::uio_mmapped: found uio matching addre

tower_http::trace::on_response: finished processin

received graceful shutdown signal. Telling tasks to shutdown

wotsubo@s1-2-2-xu5-eth@-01 ~> ./1lslcli si5395 v2 hard-rese
wotsubo@sl-2-2-xub-eth@-01 ~> ./1lslcli si5395 v2 check-1lol

s

~ @& 10GiB/13GiB |
Q@ 77% at ©5:43:44

19GiB/40GiB

u50@ loss of lock HTTP/1.1 200 OK

us1 loss of lock content-type: application/json

u52 loss of lock content-length: 10

u53 loss of lock date: Fri, @3 Oct 2025 20:43:50 GMT
Error: some S$i5395 is out of lock

wotsubo@s1-2-2-xub5-eth@-01 ~ [1]> ./11lslcli si5395 v2 write|3735928559¢

A1l configuration completed
wotsubo@s1-2-2-xu5-eth@-01 ~> ./1lslcli si5395 v2 check-1lol
wotsubo@s1-2-2-xu5-ethe-01 ~> |}

~ @ 10GiB/13GiB |
@ 77% at 05:43:50
@x00000000@deadbheef
~ @ 10GiB/13GiB | 19GiB/48GiB
B 77% at 05:44:09 -

19GiB/40GiB

- curl -i -X GET '130.87.240.59:3000/tdag/demo/read_deadbeef'

» julia --sysimage $JL_SYSIMG_ETC --project -t 12 -E "3735928559 |> UInt"
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PL firmware block design

- AXI GPIO handles
external digital I/

- AXI INTC handles
interrupts
» currently used
for interrupts
over/from AXI
Chip2Chip
- AXI Firewall will
be added in front
of AXI Chip2Chip
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Register map XML development environment

- Register map XML uses XML schema(XSD file) to validate the XML
» Test basic structure, attribute requirement
» Checks additional naming rules, structure rules using XPath
» Using xmllint --validate from shell, lemminx while editing(completion, diagnostics via
LSP)
- Software code generator also implements additional validations
» Address duplication detection
» Register address is within the range
» Field mask duplication detection
- Using Nix to integrate these
» “Nix is a purely functional package manager” (Nix 2. .28 reference manual)
» Just nix run .#test to do all
— Automatically fetches all required resources/programs including costom code generator
then builds them and run
— All dependencies are recorded in flake.lock file
» Also used in CI — ensured reproducibility



https://nix.dev/manual/nix/2.28/
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