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Interfacing HDLs with conventional
programming languages
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Qe of thetypica probens of
devel opi ng conput er - syst em
hardware is that you cannot
programor debug its associ -
ated softvare unl ess a physi -
cal inplenentation of the
hardware exists. Further -
nore, if the device you ve
designed is conplex or the
speci fications are not com
petdy dea, hardware engi -
neers nay nake sone arbitrary decisions about these specifi -
caios wth little or noinput fromtheir softvare couterparts.

With the arrival of HLs, hardware engineers can design
devi ces using structured | anguages, such as VL or Veilay
targeted for both simil ation and synthesis. These Hs | et you
programapplications that interface wth the hardvare s HOL
nodel rather than wth the hardnare itse f.

Foure 1 depicts a sinple interaction between a softvare
appl i cation and sone hardvare attached to a rea system You
can reasonably assune that the software linits and specifies
the nenory resources that the hardware uses. This assunp-
tionis truein nany nodern nul titaski ng envi ronnents i n whi ch
the operating system nanages all nenory and hardware to
avo d conflicts between applications.

For now, consider that the application conmunicates only
wth the hardware by neans of a set of input and output func-
tions and through the system nenory. How would the hard-
vare-to-softvare interface work under this schene? First, the
application, witten in sone conputer progranmng | anguage,
such as G CH, or Pascal, would call a nenory- nanagenent
function to retrieve nenory for further operations. The hard-
ware nay at sone tine access this nenory. If the systemhad
logca o virtud -nenary capehilities, the gpplicationwod dcal
afuctiontofind out the physica address of the previowsly al o-
cated nenory. The agpplication vou d then initidize the hard-
vare to a known state by neans of a set of input and out put
functions. The application coul d then start issuing conmands
to the hardware. Sone of these conmands could tell the hard-
vare where to l ook in physical nenory for the next operations
it needs to parform

Assune that the hardware can later gain access to physical
menory. The operating systemusual |y provides supplied func-
tions, the input and output and nenory-nanagenent func-
tions thet theapicationcdls. Thecdlingorder isnot fixed but
illustrates the interface inared enviromert.

For designing a hardware-si mlation environnent, you

Programming languages that interface with
HDL models facilitate hardware/software
codesign. This interface technique—along with

a practical example using a VHDL behavioral
model of a memory-copier device in a C-based
application—helps you with this codesign.

should be able to nove both
HOL code and application
code between the sinul ation
and real environnents wth
few nodi fi -
cations. Furthernore, the
application shoud see o dif -
ference in HOL code bet ween
both environnents. A ong
wth these features, a hard-
vare-si nul ation envi ronnent
nust achieve transparent emulation of the input and output
functions the application uses as well as nenory sharing
between the application and the HOL hardware nodel . The
nast dfficut task is nenory sharing between the application
code and the HL nodel, because you are using a standard
HL sinul ator wthout extended nenory-sharing feat ures.
FHoure2illustrates theinterface between the parts of the pro-
posed har dwar e-si nul ati on envi ronnent. The bl ocks in Fgure
2 are defined as fd | ons:
® AP (gpplication) is anapplication wittenin a convention-
a progranming | anguage. It should work in the sinul ation
environnent as well as in the real environnent idealy
wthout nodifications.
® S (supplied function) is generaly 1/0Oand nenory-nan-
agenent. The S and APP are probably witten in the
sane | anguage, and the simul ation envi ronnent rat her
than the operati ng systemcan provide them
e H1-C(HL code) is a hardware nodel, witteninan HL,
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Asinple interaction occurs between a softvare application (AP and
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of the hard-
vare bei ng simul ated. The nodel shoul d
work in the similation environnent as
vell as inthe rea environnent idealy
wthout nadifications.

e H1-SM(HL sinulator) is an exe-
cutabl e programthat interprets HL
code so that you can see how it
behaves under certain stinuli.
Assune that HOL-SMis unnodifi -
dle

® AH- GAT EVAY (application HL-C
gatevay) is a gateway that provi des
basi ¢ conmuni cati on between the
APP and the HOL-SIM AH GATE-
WAY al | ows the APPto conmuni cat e
wth the H.-9'Mon an |/ Obeasis.

e A- MEM- GAT EVWAY (application
nenory gateway) is a gateway that

MEMORY

AH-MEM-GATEWAY

exports shared nenory previously
allocated with a nenory-nanage-
nent §so that HO-Ccan |l ater use
it. AMMGAT EWAY also inports
nenory fromthe HOL-C so that shared nenory is coher -
ent between the APP and the HOL-C A MEM GAT EVAAY
and HMBMBW are tightly coupl ed.

e HMBEMBEW (HL-C nenory emulator) is an eml ator
that provi des the HL-C access to nenory exported by A
MEM- GAT EVWAY. It also exports this nenory when the
H1L-C has nodified it so that the nenory is coherent
bet ween the APP and the HOL-C

You nust nake minor nodifications to nake the APP work
in a hardware-si nul ati on envi ronnent. The APP has to perform
severa initidizaions on start-up and nust rel ease resources
upon quitting, using AHGAT EVAY and A- MEM GAT EVAY. $
df fers fromred -enviromnent functions. Tydcdly, SFinasim
ul ation environnent calls functions supplied by AMBMGATE-
WAY and AH GAT EVAY. nditional conpilation of the ARP
can easi |y acconpli sh these call s.

For the HL-C to work in a hardware-si mul ation environ-
nent, the environnent should provide only special shared
nenory functions. You need shared-nenory functions
because HOL-9 M executes HOL.-C and APP controls HL-
SIMby neans of AH GAT EWAY. HL-C basical |y needs peek
and poke functions, as vwell as sone procedure to refresh
shar ed- nenory contents upon input to and output fromHL-
C Assune that the only way to conmuni cate | arge anounts of
externd data to and fromthe H-Cis through files, so H
MEMBW i s heavily based on these files.

The actual hardware/ sof tware interface schene in a siml a-
tion environnent works as fo | ovs:

® The AP perforns all necessary initiaizations on AH
GAT EWAY and A- MEM GAT EWAY.

® The APPretrieves shared nenory by cal ling an S- fromA
MEM- GAT EWAY. A- MEM GAT EVAY keeps track of this
nenory for later use

® The APP perforns |/ O commands fromand to the HOL-C
using a set of functions that AHGAT EWAY supplies. AH
GAT EWAY then inforns AMBMBWthat an |/ Ooperation

Interaction occurs between the parts of the proposed hardware-sinul ation environnent.

is about to be executed, so AMBMBW fl ushes al | shared
nenory to file ah-nembin. AHGAT EWAY instructs HL-
S Mto performal | necessary input and output cycles upon
request. Ubsers can custonize these cycles. The sinul ation

environnent then gives control to HIL-S M
e Hl1-SMapplies stimili to HIL-C so it executes the

desired input or output cycle. Intun, HAL-Ccals HMM

BW so HL-C gets the shared nenory fromfile ah-
nembin. HO-Cnay call a set of functions provided by H
MEMBW to read or wite this nenory. Wen HDL-C
finishes the specified cycle, HMBMBW flushes the
shared nenory to file ha-nembin.

® AH- GAT EVWAY gains control and instructs A MBMGATE-

WAY to synchroni ze shared-nenory contents wth those of

the HOL-C A MEM GAT EWAY reads the file ha-nembin

and updat es shared nenory fromthe APP s perspective If
the sinulation does an input operation, AHGAT EVAY
reads the resul ting response fromH1-S M
Uhder this asynchronous environnent, you should start all
conmands wth an 1/Ocycl e.

The previously described interface schene has been suc-
cessfully inplenented in a Mcrosoft Wn 32 envi ronnent usi ng
VL as the HOL and C as the programming | anguage. The
inpl erentation uses Mcrosoft (Rednond, WA Visual GCH
Version 5.0 for C progranming and Mbdel Technol ogy s
(Beaverton, Ay \VSystemfor ML conpilation and si mul a-
tion. The simlated sanple hardware is a blitter, or nenory-
copi er device. The hardware nodel is a behavioral description
d theHditte .

The VML blitter nodel (HL-Q conprises an 8 bit input-
address of fsg pot tothe Hitter s 3-hit regsters, a bt 1/O
deta port for reading and witing to and fromthe blitter sregs-
ters, a 1-bit input line decodedread (dread) port, ad a I-hit
input |ine decodedwite (dwite) port. Toread fromabitter reg-
ide, the sinlation environnent nust apply arising edgetothe
dread line. Oce address lines are stabl e, the envi ronnent out -
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puts the cotents of the address
regster to data. WitirgtoaHitter

register i s acconpli shed by apply-

TABLE 1—BLITTER WITH SEVERAL
32-BIT I/O-MAPPED REGISTERS

specified register to data If a
nat ch does not exist, the system
updat es status register

ing arising edge to dwite, once REG_STATS to reflect that sta-
address and data lines are stabl e, Addr ess Name Access tus in STATUS_I NVALI D_
wth the address and the contents 0x00 REG_COMMAND Write REG STER
o theregster tobe witten 0x01 REG_STATUS Read/ wite If the system det.ects a rising
The bitter has severa 32-hit 0x02 REG_SCR_ADDR Wiite edge on dw_lte, it _checks the
I/Onapped registers (Table 1) - adfress for witdderegsters. If a
The operating procedure is sim Ox03 REGEDE SISADDR wite natch exists, the next operation
pde To copy REG BYTE_CNT | 0x04 REG_BYTE_CNT Write depends on the type of register
byt es from addr ess being witten If the regster is o
REG SRC ADDR to the address specified by type REG_SRC_ADDR, REG _DEST_ADDR, or
REG DEST ADDR the system has to wite value GO REG_BYTE_CNT, the systemwites the vaue data to the
MAND COPY_MEM (0x00000001) to register REG COM sdected regster. If it is type REGGMW\D the system
MAND. conpares val ue datawth al | oned conmands (currently, COW

By polling REG STATLS until bit STAT_BLI TTER _BUSY
(0x00000001) is O, you can deternine whether the blitter has
finished the previous command. During simulation, bit
STAT_BLITTER_ BUSY i s al ways 0 because HOL- C and APP
executions do not overlap. Aso note that both
REG DEST_ADDR and REG SRC ADDR poi nt to addresses
innenory space and not to registersin I/O(port) space.

The sanpl e APP, using H-G is asinpl e programthat per -
forns severd tests of the bitter: intidizing readng fromreg-
isters, witing to registers, and copying nenory by using the
COWAND COPY_MEM blitter command. Listinglisasec-
tion of the application source code.

AH- GAT EWAY and A- MEM GAT EVAY are both i npl enent -
edinCand linked wth the sanpl e application BLTTEST. EXE
AH- GAT EVWAY starts HL-SM (VS MBEXE) and sends it key-
strokes for communi cati on. For exanpl e, when AH GAT EVAAY
vants to retrieve sone data fromHL-S Mfor an input com
nand, it forces HI-SMto wite alist file cotaning curent-
signal status. AHGAT EWAY parses this file and fetches the
requested val ue, returning it to AP

A- MEM- GAT EVAY i npl enentation i s sonewhat nore com
plicated. A-MBM GAT EVAY nai ntains a

MAND RESET and COMVAND COPY_MEM and executes
the sel ected command.

GOMMMND RESET just resets all internal registers, includ-
ing st at us. COMVAND _COPY_VEM copi es
REG BYTE_ONT bytes from address REG SRC ADDR to
address REG_DEST_ADDR. COMMAND_COPY_MEM
nakes heavy use of HMEMBEMU HMEMBW is witten in
VHL inthe formof a VHL package that is instantiated later
in H.-C HNMBVMBW provides functions to | oad and save
shared nenory fromfiles and to access that nenory on a per-
byte basis. Because ef fective nenory nodification wthin the
H1L-C occurs only during coomand wites (specificaly, m
COWAND_COPY_MEM), the system | oads and saves
shared nenory only during output cycl es.

You can easi |y port this sinul ation environnent to other oper -
ating systens and HL simi ators. (Al source code is avail -
able electronically from wa upv.es/diel espanyol /
grp_mcr.htm) Changing the operating systemon which the
environnent runs requires nodifying several interna AH
GAT EWAY functions. Wsing another HOL- 9 Mi npl i es changes
in AHGATEWAY. Mving to df ferent progranming and HOL

list of shared-nenory itens all ocated by
the siml ation system Wen AH GATE-
WAY perforns an input or output opera-
tion, AMBMGAT EWAYsavesthislist to
filearnembin. ponthelist sretun A
MEM- GAT EWAY loads the file ha-
nmem bi n, which H MEM EMJ gener -
ates, and updates nenory contents wth
those of the file The farnat of bath files
ah-nembi n and ha-nembi n i s such t hat
they contain a list of nenory el enents

3 tf n
allocated with A MEM GAT EVAY andits gii‘,;tfi..
associ ated contents. printf ("

printf ("

The behavioral description of the blit -
ter is in VML wth one nain process
sasitive to dread and dwite changes.
Wien the sinul ation sees a rising edge
o dread, the systemchecks the address
for readable registers (curently, aly
REG_STATW, and if a natch exists,
the systemoutputs the contents of the

printf (" * About to test blitter copy (COMMAND COPY MEM): \n");
printf (" Memory contents follow:\n Source: %s\n Destination:
%s\n", pSource, pDest);

// Fill src, dest & byte count register with associated data
WritePortDword( REG_SRC_ADDR, pSource);

WritePortDword ( REG_DEST_ADDR, pDest);

WritePortDword( REG_BYTE CNT, sizeof(testString));

* Performing blitter copy (COMMAND COPY MEM)\n");
Source (REG_SRC_ADDR): 0x%081x\n", pSource);
Destination (REG_DEST_ADDR): 0x%081x\n", pDest);

Bytes (REG_BYTE CNT): 0x%081x\n", sizeof(testString));

// Perform the copy
WritePortDword ( REG_COMMAND, COMMAND COPY MEM) ;

// At this point pDest should contain the same data as pSource
printf ("™ * Polling completed\n"):;

printf (" Memory contents follow:\n Source:
%s\n\n", pSource, pDest);

%$s\n Destination:
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| anguages neans new i npl enentations of AH GAT EWAY, A
MEM- GAT EVAY, and H MEM EMJ.

This interface provides a nunber of benefits. You can use
the sane application to test hardware during early system
devel opnent and then later wth real prototypes. You can al so
wite applications wth only a behaviora nodel of their associ -
ated hardware. You can al so programand debug devi ce drivers
by conining this approach wth the technique described in
Ref erence 1.

This simul ation environnent al so has sone shortcomngs.
Because of the overhead produced by the abusive file activity
invol ved in each transaction, a perfornance penalty can take
placeif severa transacti ons occur. You can minimize this prob-
lemby using a snal | RAMdi sk for these files or by using sone
faster neans of sharing nenory wth the HOL.-SM Anot her
probl emis that you can start conmands only wth I/ QG napped
reg sters. This restriction resuts fromthe fact that shared
nenory nodi fications are synchroni zed wth HXL-C upon 1/0
cycl es, because APP and HOL- S Mrun asynchronousl y.
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