WhizniumDBE Cheat Sheet

Master The Device Builder’s Edition
For Demanding FPGA-/uC-Based Applications

Coding Environment For WhizniumDBE-Backed Development

Code generation and host library builds take place within the Whiznium fol-
ders. Device-level code is edited in the vendors‘ IDE's, as exemplified below.

Find tutorial videos and more on the MPSI YouTube channel:
https://content.mpsitech.cloud/youtube.html

RESOURCES

__. Browse examples and tool repositories on MPSI‘s GitHub account:
https://github.com/mpsitech

I o1k group development root D ${WHIZDEVROOT}: Development root
O 5 (FOME} /whiznium <—

. projects: model files and other documentation by project

[= ]
whiznium.mpsitech.cloud workgroup server rep: repositories - Git / local history by project
runs: WhizniumDBE / SBE (scenario 2) runs: WhizniumDBE / SBE (scenario 1) 0 oo "y by proj

. tools: Java-based WhizniumDBE / SBE Bootstrap & Iterator

${WHIZDEVROOT} D ${WHIZSDKROOT}: Software development kit root Wh IZnium D B E G I 0OSsSsa rV Of Terms
${HOME} /whiznium_dev - - "

—» /rep/<prj>/fpga<pri> (optional) NFS mount . build: source code compilation by project
sync /rep/<pri>/mcu<pri> €———

$(WHIZSDKROOT} & ${WHIZSDKROOT} for Yocto target 1 |sync

Expression Scope Explanatio

. lib: dependencies incl. sbe/dbecore and project component libraries

${HOME] /whiznium_sdk . 5
${HOME} /boards/mytarget1/sdk/home/root/whiznigm_sdk There is a commop S?tUP pro- =]
FPGA IDE b {E} {E} cedure for the WhizniumSBE/ %
—» s u s
developer workstation Intel Quartus Microchip MPLAB X IDE = DBE folder structure. g
runs: vendor-specific IDE's, Microchip Libero SiLabs Simplicity Studio FPGA target HC target Z . . X 9
Java-based tools Xilinx Vivado ST CubelDE = Path configuration is handled 0
I f [} T by means of the initialization -
JTAG [ JTAG model file, described on the AXT . . Advanced eXtensible Interface conceived by ARM as an interconnect for SoC's; used e.g. by Xilinx to link its Zynq‘s ARM-based processing system (PS)
back (blue section) to programmable logic (PL)
buffer transfer - o - bulk read or write data transfer from/to a inter-module buffer connected to the host interface - as opposed to parameter passing in commands
GorERG) . .  triggered by the host, invokes action on, or retrieves information from the device; invocation/return parameters may be added. Bytecode representa-
. . . tion derived by WhizniumDBE
WhizniumDBE At Runtime

command invocation buffer - o - in the full model, this on-FPGA buffer ensures non-blocking transmission of command invocations from the host

WhjzniumDBE eXhibitS mu ]_tj_ _ threade d runtime beh aViO]_’ With functionality command return buffer . in the full model, this on-FPGA buffer ensures non-blocking transmission of commend returns from controllers

controller - o - module for which commands can be defined
dlstr]buted a Ong three eXeCutab]_eS . core ° template, either manufacturer supplied or as part of the WhizniumDBE parametric module generation
device - - grouping entity for systems (full model) or units (easy model)
easy model . low-FPGA-footprint implementation of a WhizniumDBE device, with blocking command invocation/return and buffer transfers. Cascaded systems are
not possible
Shared resources error - o - in the full model, used for abnormal rtermination of a optionally i
family o grouping entity for silicon devices
[ ) manage: o
WhizniumDBE MariaDB temporary file archive WhizniumDBE forwarding controller - o - in the full model, this type of controller serves as virtual host, allowing to cascade units
operation engine 1 database files e.g. code file operation engine 2 FSM . finite state machine, a sub-category of a RTL process
Wdbeopd1 templates Wdbeopd2 ‘high-throughput and -performance implementation of a WhizniumDBE device, with non-blocking command invocation/multiuple returns and step-
. . full et wise buffer transfers
(model analysis & expansion, k k (user-extensible deU|? host interface . automatically generated module which connects the host via SPI/UART/AXI/PCIe to controllers and inter-module buffers
code writing) ‘ templ. / IP core functionality) insertion point - o - comment in source code, short form IP, indicating a spot into which code can be inserted manually
port 13145 port 13149 . . - X .
inter-module buffer ° dual-port RAM in FPGA to perform directional data transfers, e.g. from a processing module to the host interface
Wdbed >> command prompt |
g ] g iteration - - the process of letting WhizniumDBE generate a new version based on the previous version‘s source code tree and updated model files
. launchmainengine first:  ———to T , e - T — S
iznium main engine . . machine +  computer or deployment target with common e.g. compiler flags and library paths; hierarchical structure with parameter inheritance
z 9 Launch operation engines second: St & 2 &
T $ cd ${WHIZROOT}/bin/wdbed Wdbed peripheral - . - hard-wired functionality block in MCU devices
$ ./Wdbed 4 roject . topmost entity for a WhizniumDBE project - a project has multiple versions
(user sessions & workflow) E $ cd ${WHIZROOT}/bin/wdbeopdl 174 2 Y L] L =
o = $ ./Wdbeopdl release - - results in a makefile set for a device, specific to a machine
O port 13105 T RTL . register-transfer level, logic based on clock edge-triggered manipulation of physical 0‘s and 1‘s, described in VHDL; WhizniumDBE also writes
O Server / * \ $ cd ${WHIZROOT}/bin/wdbeopd?2 equivalent C code for MCU projects
[ $ ./Wdbeopd2 silicon device - ° - packaged FPGA or MCU device which can be used as template for units by specifying its pinout
HTTPS communication system *  in the full model, grouping entity for targets
a Whizni . / * \ target - - definition of the cascaded arrangement of units
= Valltdliie IAPITARIDIENE 5 up tixV. ind ferring to a byt ¢ iXVC d is th iabls d to refer to th tor CtrMsddZedbTri VecVC d
: : ; WhizniumDBE WhizniumDBE iXV... o +  index referring to a byte-vector, e.g. tixVCommand is the variable used to refer to the vector CtrMsddZedbTrigger::VecVComman
z and running by navigating Web browser h .
S to httpSi//127,O4O .1:13105 in Bootstrap Iterator unit o one unit represents one (FPGA-based or MCU-based) hardware board
a web browser. vector . *  enumerated non-extensible list of identifiers, used e.g. to set up an address space for a unit‘s controllers
version - - technically the topmost entity when working with WhizniumDBE, as each version comprises the full project model definition

The WhizniumDBE Master Database

WhizniumDBE uses a comprehensive relational database structure into which model information is imported. Supported backends include MariaDB, MySQL and
PostgreSQL. WhizniumDBE algorithms analyze the imported data and derive additional required database entries. Once all information is compiled in the data-
base for a specific version of a WhizniumDBE-backed project, writing of source code can take place. This operation is based on the version‘s completed repre-
sentation in the database on one hand, and on the previous version‘s source code tree - if available - on the other hand.

evice Descriptio Administration

VecWdbeWiPersonDerivate
Tl [ mridbeAVReyTsikey ] s (usen
T dbeMVersion VecWabeVIVectorHIkTET IS VRS =
refWdbeMUnit ) VecWdbeVMVectorBasetype KISTXWdbeVKeylist
RIsTWdbeKNMFamilyVendor VecWabeVWUnREzsetype i (it index Tneas) KisNum GG VecWaBsVIPrsanSex
Trchp (Microchip) i (tinyint ndex lnear) xllxWdbeVMaintable e N ——
st (ST Microelectronics) nt index multi-choice x1Uref refWdbeAVKeylistKey — T el
xinx (Xilinx) Fixed x1IxWdbeVLocale [ _TbiWdbelUsergroup | o™
sref g ot refWdbeMUsergroup
Avail o unvixWdbeVMaintable
CH Implied ref
sysRefWdbeMSystem - am| ref) A Comment ]
shum Tile
refWdbeMUnit SrerRVendor Comment o
stef Comment X1xWdbeVFeatgroup
[ TEWebeAVValeTsar_] x2FeaSretUix o
1SN [r— N
vishum refWdbeMPerson
THIWabeHUnT TefWdbeMuser
= Lawdbeyl xiStartd refWdbeMUsergroup
IxVBasetype KIstWdbeKAMParsonDetallType bWdbeVUserlevel
e [ ThWabsAVControlPar ]
refUref eAVControlPar
o
refWdbeMNodule x1RefWdbeMUser ThIWdbeMUser TbiWdbeAccRMUserUniversal
- x2ixWdbeVLocale -
Tite o
S TWabeMPT Fullsref refRUsergroup
[ srefKPackage
it Easy refWdbeMPerson
TefWdbelBank soikToon srot
refJSref o mplab (Microchip MPLAB X)
Tocaion T rkbench) ore (number of cores)
buildroot (ouid root directory)
RISWaEERANPBa ary root directory) ags (dynarmic nk lbrary ool flags)
oK Glock Trequeriy TRFED \ Perea sysroot (root fe system path) cymibext (cynamic ik orary o extension)
Ivds (low-voltage differential signal) T tehroot (tool chain executable directory) incpath (include path) n o
noclkdr (no clock dedicated route) refWdbeMUnit hizdovroat (development root directo lxwlumlhpr‘,m o
whizdevror ve rectory) relxWdbeVMaintable
efWdbelModulo RIsTWabeKAMPerpheralParkey reproot (repasitary root directory) PreUref
[Commer — start
I A
—
“ThIWabsAMPeripheraPar
PpphRefWdbeMPeripheral
pphNum _:n’—
TIWdbeHoduls [ TefdbeNiachine
ref * Val x1SrefKKe)
ixVBasetype Var
mnicore (manufacturer core) Tl
minfprim (manufacturer primiive) oo
cr (controler et
fcictr (torwarding controler) SpRetWdbshModule )
eclr (easy mde controller) KistWdbeKAMModuleParKe; vblob in memory: [__VecWdbeVNFileRefTbl |
o o) refwdbenContollr 0x00: length (i.e. 0..255)
- ] refWdbeMimbuf N tn 0id {none) -
. mip (module template) jorion
Lot 1..256: data ver (version) un depSrefsWebeMLibrary KISWabeKANLIbraryMakelleTag
Comment VecWdbeVPartype KistWdbeKHdltype Comment SN YD)

T (vector flom Index)
bool (boolean)
tinyint (integer / byte (8bit))

(ref: void/mdUpre)
CHPT (code flle template)
tom insertion points)
gata)

Teharacter)
int (integer)
nat (natural)

ThIWdbeCPort
T —

VecWdbeVMImbufDir

™ (mput)
out (output)

refWdbeMModule
fwdRefWdbeMUnit

utinyint (unsigned int / byte (8bit))

ol - smalint (integer (16bit) s (standard logic
refWdbeMCommand o 4

usmallint (unsigned integer (16bit)) slvup (standard logic vector up) KM relWdbeMLIbrary
TbiWdbeMPort refWdbeMController int (integer (32bit)) slvdn (standard logic vector down) el imetype x1RefWdbeMMachine
o™ uint (unsigned integer (32bit)) sir (string) Comment e
VecWdbeVMPortMdiCat refWdbeCPort Wimba blob (binary data) £l
e mdlRefWabelModule - U5l variable length binary data)
ik TefWabelModule
rtewrp (route to wrapper signal) mdlixVCat corRefWdbeMModule
Ter” ) rtetop (route to top module signal) sref
refWbeCGeneric cmabus (command bus) o SO
mdIRefWdbeMModule imb (inter-module buffer) srefWdbeKHltype Prio i (controller)
rtesup (route to super module) Width unt (unit)
rtepin (route to pin) Minmax
7 s Deval
CorSrefidbemFor
CEisremdbeNSignal z
Comment
B o S
touto: ediate single) ivrRefWdbeMSignal
inout (mputioupu) ;
t dirsng (deferred single) rvrRefWdbeMSignal Ve
out (oupu) raeidboMSiral RS ABER A PersorMProfeciFarncio R — ar (ur - TR cusom ]
p ) —‘—,, heng (hardware engineer) mnfip (manufacturer IP)
hshk (handshake) are engineer) ref seng (software engineer)
" (uiput port diver) o
BIWdbeNProcess foprt (inputioutput port driver) T . o
T psb (pin substitute) ixVBasety) refWdbeMVersion
- _ refWdbeMModule strb (strobe) CSignal T’Ir
bIWdbe refWdbeMFsm oth (other) mdiRefWdbeMModule asy
T S o e G
B ewdoehSignal mgeUret sref xiStopd
alling oid (none) /pe refWdbeMCoreproject
Synorst sref refWdbeMVector s refWdbeMPerson
7T Tonst |
By orer Cengin beVPartype
P refWdbeMVector ref *
BIWdbeMFsmstate Width refWdbeMVectoritem Length o
ref ™ Minmax Comment own
Comment " "
refWdbeCFsmstate Comb pr!ReleheMijeci
fsmRefWdbeMFsm Onval pr
fsmNum T Offval bvrRefWdbeMVersion dev (development)
sret n B E— prod (production)
P D \WabeMVarable drvRefWdbeMPort Minor ibeM abandon (abandonned) ThIWdbeMCoreversion
Comment TR Comment n rer™
TbiWdbeAMFsmstateStep refWdbeCVariable g;:'
2 Do cocHProcess oD
e hrcam -l Tate
TxFen onst CLUYCLL) refWdbeMCoreversion mfbem""“'e
ot e nekrtype e — Nircr
—_— ub end
Conoz W reliState
jnmax s
Conds Onval yp: eWSpectype
1p3 Oftval refWdbeMVector
Cond4. Defon teng\h . VecWdbeWMCoreversionSpectype
lpd Somment Sl ‘mbsctd (mod. of basic descr. on top-down)
ezdev (easy model device access library) mbscbu (mod. of basic descr. on bottom-up) i sl
fpga (FPGA code) mdet (mod. of detailed descr.) ﬁm
e Ty ol (tomplae fe)
. pih (pacenoiders
How to read the database diagrams: i (nserton points) g VTagtype
Comment Comment
| dynlib (generate dynamic nk lbrary) par (modi. depending on parameters)
= . . . . - = stdip (standard insertion points)
< - black boxes represent database tables, with their table columns listed sequentially
B - lines between database tables represent e.g. 1:N relations, typically top-down; only the most relevant relations are shown
. gray boxes represent vectors / key lists (lists of options) with database / table scope
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The WhizniumDBE Source Code Tree Iteration Import / Generate Sequence

When requesting a source code tree iteration, either manually or automated via WhizniumDBE Iterator, a pre-defined sequence of tasks is to be performed. First
the basic, then the detailed device description are uploaded / imported. In the process, WhizniumDBE generates additional model data such as module wiring.

Only after the model is finalized, a project‘s source code tree can be re-written.

To launch WhizniumDBE Iterator,
type the following
commands:

on [lexWdbeDdd

HINT

L Find the full model file reference
$ cd ${WHIZDEVROOT}/tools/wdit 9 detailing the meaning
$ java -jar Wdit.jar =) o of each field here:
: oo o https://github.com/mpsitech
e How to read the model file diagrams: 17, Tr . hizni o :
e [ JoX ] WhizniumDBE Iterator | The-Whiznium-Documentation,
2 oo [ ImerAmCommandvpar ] . - x blob/main/dbemdl.md
[ CraReTaEsCamar ] retrpd banisa v Connect ... Disconnect
T — ) fein Lopion
M) indent by one connected to 192.168.178.22:13105
R — uis
TmelMCommand1 * ixWdbeVPartype = u14 A
T BRI = mosi V13 Projects
 refWabsMVeatar = Hellowhiznium Device
[ Tenghteny |
— A ‘ Whiznium StarterKit Device
y [emeTamsVecTem ] - vaovon
eV RETE T K * refWdbeMVectoritem T
~ ixVRettype —————— \.rswer cgept‘mm () {
T i T TEMVerSin
T —
rRefWdbeMSignal ‘
: ] AT T — S e e ) <
Comment (cm) T — current version is v1.0.2 fetWcpaMUnit ol aEeH DR (o)
S
Change project's current version ...
T-\—m Step version and iterate source code tree ...
Ml il —
[ TmeAWErrorPar—] 3 [ eriphersiFar_]
- L R —
e o Iterate source code tree ... G
- LT — WW{"‘T
N [TsreTrerWdbeMModule (mal |
e e project selected * refWabeMModule MENE
MG N e ) 1 e
e L T Successfully iterated source code tree of project Whiznium St Comment T
[ e * rofWabeMVector arterKit Device to version 1.0.2.
~Commen o) oA o m— ST G
e — civpe [ e Wabetivodue |
HiE - TereTCorReTabGVNGaTE 5T
Bank [rtrretrupd] e AN  cormetvicbeliiodule
e CDetop (c5) T TmeiVeciors S STRSTTaB WO Sor )
ImelMPin [retr,retrupd] * silRefWdbeMUnit. o) ?ve'\xVDw' (dir)
TVaBEHUAT e reued) E W - -~ vBase! v -
i +ixWabevig | ovBasepe | S — -
* srefKVoltstd (vst) rel —kbo/ihl N Jref
TP o o
efiabeG . . N .
= LeNicbomBaTE For source code tree iteration, WhizniumDBE requires s e oo o]
oo the IexWdbeBdd/Ddd model files, either as tab-separated ] SOTTpTReTIGGEHoauTs T e FniHe WSO ey
~Tocation (loc) ~Comment (omi) tpIRefWdbeMModule * fwdRefWdbeMUnit

text or XML. The former option is more compact and also 23—

[reMumen) | = : B P . . | rofwobeMImbur | *Frs?warmg—y—
o — STV ) —  lends itself to convenient editing in e.g. Microsoft Excel i — N
i _lidbovPartype = or LibreOffice Calc. T —

* ixVRett
SreTveNWabeMSIgnal (i)
* ivrRefWdbeMSignal

e ]
The default location for a project‘s model files is: [ oo |
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[SroMcWabeViop fop) |

TeTRerReTWabeMSIgnal (rer)
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melMWoduTe [retr]
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ST (o] TelF enerc (T I — P *shondboVkeyimt ki - fi d initializa-
oTe  refWdbeCGeneric I A rocequre isbabevicoyist__ ckage, a pre-configured initializa
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T I TrePor (s rerapa )

S database , tool initiali- - — machine-specific paths, but also to

* visixWdbe\VValuelist

i [ zation is performed in o ] Include external libraries and their

e A —— TR compile flags.
mocs e two steps, both covered —— P

e dbeNodTE e ) - _

— _ b Wh DBE B = Ao - xthWobovrengroy |

ey iznium 00

SretMgeUre (mgu)

) S [SreTsTWdbeWACcess @) |
~ SreMWdbeRHdlype (hy]
* mgeUref T
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e i strap. First, the initi-
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| e alization model file and
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M oo :
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[ Comment ey
RSN Gl N— [ memFsmstate |
o ek et

T
TeTRETWaGECF Smstate (clu)
* refWdbeCFsmstate

 ixWdbeWAaccess

melAMMachineMakefile

I — o
I G — To launch WhizniumDBE Bootstrap, L
type the fOllOWing su RleﬁwdbeMMachme

I
xTSrefKRey (key]

commands: e TaBENaGH (6oh)

hine

HINT

$ cd ${WHIZDEVROOT}/tools/wdbp
. . g o . . $ java -jar Wdbp.Jjar
Insertion points (IP‘s) are a Whiznium key concept. They allow complementing and replacing
auto-generated code. ) - eoe WhizniumDBE Bootstrap
8 o d. single-line BEGIN/END replacement
a. multi-line INSERT type - 2 oo op symcrer e
-- IP impl.grrd.waitFrame --- INSER' EQE:ZTE::NQELQQ ;7 o

EEEETILS
Vel (val)

Perform tool initialization ...

-- IP impl.grrd.waitFr --- IBEGIN IP impl.op.sy t END Locate repository root directory ...
CixVGrrdbufetate <= tinVGrrdbufstateEnptys

grrdThet <= tkolksrcGetThetThat; cornerLinNotLog <= '0'; -~ TP impl.op.syncrst --- RLINE no directory selected

o e. leave header unaltered ABOVE no WhizniumDEE projects found

Ter
ToTWabeMUNT

[ imeimperipheral |

b. single-line INSERT type o ) Bootstrap ...
P impl.g .in SE . . . - .

ready

T
Comment (ol

P Tonengrrastore Attempted importing 2 projects: all succeeded.

g. KEEP unaltered folder
c. multi-line LINE replacement

void UntWskdArty::init() { init.hdr --- LIN £ KEEP unaltered file Cl<folderto keep >
- -~ b file —-- KEEP B P folder - KEEP

‘ < other files >

TmelMBank

CODING WHIZNIUN-STYLE

IP init.hc

void Unti,

Each project supplies its own Projects / Versions
model file, placed in the project repository‘s mdl
sub-folder.

HINT

e
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WhizniumDBE core library
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[ SrelKisWabeVReyTst (5] |
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7 — Tite (i)

- Comment (et
- —r
ypes 2 T °
vrFeNVgbeMVersion T —— I E— SreTodbeNVoctor Tvecy
Waorima) KNum L refWdbeMVector
T — N o (i) Ciorary (167 re{SupRETADENMOGLIE (sup)
I a— GSTHIAT(), hostORIT [ TSub Gub] * refWabeMLibra - supRefWdbeMModule
i ) i f laserRun(), laserOpRun| el sref1 piRetWdbeMModule (tp
p
[—hostifRun(, hostiigpRun) srefixVState (ste) KL 2 LT D ahcbetMote.
T - xVState
T — T
e ohT e —
ECIE

TSrelrale (5
“omment (e

SreTReTWabeMVector (vec)
* refWdbeMVector

| ivecvstate | e

_ 5 TmelRMPersonMProfect
VST T, reTreZ T, ' =
Rst

; o
- R —— — —
ecyState [ B vansior base cass_—] piion

Toname (T}

s rohvename
T M e
1 Z Tin{ReWaBEMPGrSon (prs) T
| teiWobeMPerson | SeeATTe
WbeMProject TN

Function (ic)

nium StarterKit device access library

[ ____ImelCGeneric ]
iref (irf)
(easy model) o]

libezdevwskd.a/.so

TmellGeneric

Defining template modules

TeTReTWabeCGenenc (eI

—— ) E— Whiznium StarterKit Arty FPGA uni efdbeCOonerc here allows for the re-use of
Arty IP Hostif (template: axihostif_Easy_v2_0) Zmdfun IP cores with various levels of
= host interface; command byte code de-/encoding, buffer transfer control, CRC — ConfigurabilityA
é S - SR - B Rx (template: Axirx_v2_0) Vg (wid)
© 3 receive pre-defined number of 32bit words via AXI - “D”‘E;C;XU’V‘U,""X X . . X
[T eTo— S ‘——? < T (template: Axitx_v2_0) oS eWAbENGEere While files to be inserted into
[ UnWskd—vecsh ] % 2 it pre-defi i i ~Commen Gt . A L
e <VComm B 3 :_:: 'é H transmit pre-defined number of 32bit words via AXI  aproject as-is with their port
oVLTbBss3Controller, coaters, commands. vecors i [—SbecoreXmioh ] VecWWskdArtyBufter Sorolrs vciors i coioler T 5 £3 B = descriptions are the most
VecWLfbhBas3Butfer ol [ vectors with unit scope ] - Bl i S B Camac ‘ref T q q 3 g q
<[ SR Cemeca ) simple option, it is also possi-
Q5 =S S g controller; preview and streaming from SMP camera melWPort . o N
e — — Eiiss & Grrd{ablcd/efiout (Dpbram_v1_0_sze2k8.vhd, emplate: dpbram_v1_0) i — ble to specify a parametrization
Dot ' % ; £ g § g s szfﬂldl}mlrp‘onmemcryfcrmwstreumingwfeanlre detecﬁonmmrTller LrstWebeCPot “’E and then add custom / core-
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4 Rgbleds
drive RGB LED with per-color PWM based on 3x 8bit color input

For a head start with model-based development of modern embedded software using Whiznium, consider MPSI Technologies’ Starter Kit: a tabletop 3D laser scanner implemented as WhizniumSBE/DBE-backed project.



https://github.com/mpsitech/wzsk-Whiznium-StarterKit
https://github.com/mpsitech/The-Whiznium-Documentation/blob/main/dbemdl.md
https://github.com/mpsitech/The-Whiznium-Documentation/blob/main/dbemdl.md
https://github.com/mpsitech/The-Whiznium-Documentation/blob/main/dbemdl.md

