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Abstraction and Generation System of
Device Drivers for UNIX-like OSs

MikiYA OKUNO,te TETSURO KATAYAMA,t KEIZO SAISHOTt
and AKIRA FUKUDAf

Writing device drivers spends much time and makes efforts because it needs knowledge of
the target device and operating system (OS). To lighten the burden, this paper aims at in-
terfaces of OS and a way to handle data to/from devices, and they are abstracted into three
parts: device driver specification, OS dependent specification, and device dependent specifica-
tion. Moreover, a device driver generation system, which generates a source code of a device
driver from three specifications, is proposed. As an example of the generation, FreeBSD and
Linux as the target OS and an interrupt handler of a network device are chosen. The OS
dependent specification and the device dependent specification can be reused in each OS and
device, respectively. As a result, the both OSs can be applied to an identical device dependent
specification. The burden in generating new device drivers or porting ones to other OSs can
be reduced.
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Fig.1 Current device driver development.
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specifications. Fig.3 Overview of device driver generation system.
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Fig.4 Overview of interrupt handler.
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#begin _intr

[proc] _get_dev_str(%(structinfo),%(buf));
[cmd] _disable_intr(%(ioadr));

for(;;)
{

[cmd] _get_status(%(status));
if ([con] _break(%(status)))

reak;
if([conj_up_complete(%(status))

[sub] _up_complete (% (arg) ,%(devinfo) ,%(ioadr));
if ([con] _down_complete (% (status))

[sub] _down_complete (%(arg) ,%(devinfo),%(ioadr));
if ([con] _tx_complete (% (status))

[sub] _tx_complete (% (arg) ,%(devinfo),%(ioadr));
if([con]_adfail(%(status%)

[sub] _adfail(%(arg) ,%(status));
if ([con] _stats(%(status))

[proc]l_stats(%(arg));

[cmd] _enable_intr (% (ioadr));
[proc] _start_rest (/,(devinfo)) ;

#end
#begin _tx_complete

[proc] _tx_complete (% (arg) ,%var(devinfo) ,%var(ioadr));
[cmd]_tx_complete(%(arg%,%var(devinfo),%(ioadr));

#end
#begin _up_complete

%<name>_rxeof (% (arg));
[cmd]_up_complete(%(arg),%var(devinfo),%(ioadr));;

#end
#begin _down_complete

%<name>_txeof (% (arg)) ;
[cmd] _down_complete (% (arg) ,%var(devinfo) ,%(ioadr));;

#end
#begin _adfail

[proc] _adfail(%(arg),%(status));
[cmd]_adfail(%(arg%,%(status));

#end
05 0O0000O0O0O0OO0O0O0O0OOOOCOOO0O0
Fig.5 Sample of device driver specification of interrupt
handler.
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#begin INTERRUPT
%begin function
The interrupt handler does all of the Rx thread
work and clean up after the Tx thread.
%end
%begin prototype
static void %<name>_intr(arg)
void* arg;
%hend
Jbegin variable
struct %<name>_softc *sc;
struct ifnet *ifp;
long ioadr;
u_intl6_t status;
‘%hend
%begin transform
structinfo buf;
arg sc;
devinfo ifp;
ioadr ioadr
status status;
%end

%begin code
/] === 0S Specific Layer ----------

// ##### Interrupt #HHHH#H
[proc] _get_dev_str(structinfo,arg)

arg = (%<name>_softc*)structinfo;

[proc] _start_rest(devinfo)
if (devinfo->if_snd.ifq_head != NULL)
%<name>_start (devinfo) ;
}
[proc] _tx_complete(arg,devinfo,ioadr)

devinfo->if_oerrors++;
%<name>_txeoc (arg) ;

3+
%end
#end INTERRUPT
06 000000 FreeBSDOOOO OSOOOOOOOOO
0oogd
Fig.6 Sample of OS dependent specification of interrupt
handler on FreeBSD.
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#begin INTERRUPT
%begin function
The interrupt handler does all of the Rx thread
work and clean up after the Tx thread.
%end
/begin prototype
static void %<name>_interrupt(irq,dev_id,regs)
int irg;
void *dev_id;
struct pt_regs *regs;
%end
%begin variable
struct device *dev;
struct vortex_private *vp;
long ioadr;
int status;
%end
%begin transform
structinfo dev_id;
arg dev;
devinfo dev;
ioadr ioadr;
status status;
%end

%begin code
[proc] _get_dev_str(structinfo,arg)

devinfo = (device*)structinfo;

arg = (struct %_grivate *)devinfo->priv;
ioadr = device->base_addr;

[proc] _rx_complete (arg)
%_rx(arg);
%end
#end INTERRUPT
07 000000 LnuxOOOO OSOOO0ODOOOOOODO
Fig.7 Sample of OS dependent specification of interrupt
handler on Linux.

oboooobooooboooooobo 3oaon
oboobooboooboooboooobooobooano
0 6 O structinfod buf0 0000000000
gooOoooOo3sgooooooOoObetoOoO
000000 structinfo0 0000000000
000000000000 00000 structinfo
goboboobooooooooooboooooooo
Obuf000000000O0O
e code - OSOOOOOODOOOOOO
w<name>0 000 000O00O00O0O0O0DBODODOO
oboooooboboboobooooooobooooo
gooboooooobooooboooooooboon
h<name>0 00000000
oSO0dooooooooooooooocooon
gooooooooboooooodooooooooa
gooooooooboooboooooboooood
Oo0oooooooooooobooooooD%00
gobooodobooooobooooobooboboobo
gbooboooooobooobooooboooooo
ooooobObOOoobooooooboooon
3.23 O00OO0OO0OOOOO
goooboOoooooboooooboboo200000
00000o0o00o0oooo /onooooooooo

UNIXO OSO0000000000000000000000000 1761

// ##### Interrupt ##t####
[cmd] _disable_intr(ioadr)

outw( ioadr + XL_COMMAND, XL_CMD_INTR_END);
[cmd] _get_status(status)

status = inw( ioadr + XL_STATUS);

[con] _break(status)
return ( status & XL_INTRS ) == 0;

[con] _up_complete(status)

return ( status & XL_STAT_UP_COMPLETE );

[con] _down_complete (status)

return ( status & XL_STAT_DOWN_COMPLETE );

[con] _tx_complete(status)

{
return ( status & XL_STAT_TX_COMPLETE );

[con] _adfail(status)
return ( status & XL_STAT_ADFAIL );

[cmd] _enable_intr (ioadr)

outw(_ioadr + XL_COMMAND, XL_CMD_INTR_ENBI|
XL_INTRS) ;

[cmd] _tx_complete(ioadr)

outw( ioadr + XL_COMMAND, XL_CMD_INTR_ACKI
XL_STAT_TX_COMPLETE) ;

Ecmd]_up_complete(ioadr)

outw( ioadr + XL_COMMAND, XL_CMD_INTR_ACKI
XL_STAT_UP_COMPLETE) ;

0 8 Etherlink XLOOOOOOOOODOOOOOOOOOOO
ooooo
Fig.8 Sample of device dependent specification of
interrupt handler for Etherlink XL.
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/* The interrupt handler does all of the Rx thread */
/* work and clean up after the Tx thread. */

static void x1_intr(sc)
void* sc;

{
struct xl_softc *sc;
struct ifnet *ifp;
long ioadr;
u_int16_t status;

/* #begin _intr */

sc = (xl_softcx)buf;

{
}
¢ outw( ioadr + XL_COMMAND, XL_CMD_INTR_END);
%or( 3D
f
status = inw( ioadr + XL_STATUS);
1f « Stagus ﬁ XL_INTRS ) == 0 )
%f ( status & XL STAT_TX_COMPLETE )

ifp->if_oerrors++;
x1_txeoc(sc);

if ( status & XL_STAT_ADFAIL )

x1_reset(sc);
x1_init(sc);

}
if ( status & XL_STAT_STATSOFLOW )

sc->x1_stats_no_timeout = 1;
x1_stats_update(sc);
sc—>x1_stats_no_timeout = 0;

outw( ioadr + XL_COMMAND, XL_CMD_INTR_ENB|
XL_INTRS);

if (ifp->if_snd.ifq_head != NULL)
x1_start (ifp);
}
}
09 0000000000000 Etherlink XLOOOOODOO
000 FreeBSDOOOOOOOOOOOOOOODO
Fig.9 A part of output of device driver generation sys-

tem: Source code of interrupt handler of Etherlink
XL for FreeBSD.
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