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Study on Abstraction of USB Device Drivers on Linux with
Dividing Source Codes of the Device Drivers
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Abstract

Writing device drivers spends much time and makes efforts because it needs much

knowledge of the target operating system(OS) and device. And, many device drivers

must be written. This research aims at reducing the burdens of prograinmers who

write device drivers by abstracting device drivers. As a preparatory research, this

paper adopts Linux as a target OS and USB(Univarsal Serial Bus) device as a target

device, and defines an aigorithm for PROBE function of USB device drivers on Linux.

USB device drivers on Linux are abstracted with dividing source codes of the device

drivers by the algorithm. It assists the programmers in understanding structure or

behavior of device drivers.
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tatic void *usb_mouse_probe(struct usb_device *dev, unsigned ink ifum, A
«const siruct usb_device_id *id)

Tace
lu‘hce &lue—»lualmgm:u :t-lmnng]

if (interface->bNumEndpoints != 1) retum NULL;
mdpom( interface-: >=ndpv|m o

1

1

1 I

1 H

1 NULL; v
. f((endpolm ->bmATributes & 3) 1= 3) rerum NULL; 1 .
] pipe = ush_

' ]
¥

!

¥

maxp = mAmnplcbl(ch‘ pipe. usb_pipeoul(pipe));

ush_set_idle(dev, interface->blnterfaceNumber, 0, 0);

if ((mouse = kmalloc(sizeof(struct usb_mouse), GFP_KERNEL)))|
rerum NULL;

R TR T T
mouse->usbdev = dev;

mouse.>dev.evbit[0) = BIT(EV_KEY) { BIT(EV_REL);

mouse->dev keybitLONG(BTN_MOUSE)] = BIT(BTN_LEFT) { BIT(®TN_RIGHT) i
BIT(BTN_MIDDLE);

mouse->dev.relbirf0} = BIT(REL._X) ! BIT(REL_Y);

mouse->dev keybit[LONG(BTN_MOUSE)] |= BIT(BTN_SIDE) | BIT(BTN_EXTRA);
mouse->dev.relbit[0] I+ BIT(REL_WHEEL),

mouse->dev.private = mouse;
mouse->dev.open = usb_mouse_open:
‘motise->dev.close = ush_mouse_close;

if (!(buf = kmalloc(63, GFP_KERNEL))) {

Kfree(mouse);
return NULL; @
}

if (dev->descriptor.iManufacturer &&
usb_string(dev, dev->descriptor.iManufacturer, but, 63) > 0)
sucat(mouse->name, buf);
if (d:v->descripwr.i?mdwu &&usb_string(dev, dev->descriptor.iProduct, buf, 63) > 0)
,."%s Bos”, 2 buf);

if (tstrlen(mouse->name))

sprintf(mouse->name, "USB HIDBP Mouse R045:%04x". .
kfree(buf);

FILL_INT_L irq, dev, pipe, >data, maxp > 8 78 : maxp,

usb_mouse_irq, mouse, mdpm nt->blnterval);
input_register_device{&mouse->dev); .
d

printk(KERN_INFO "input%d: %s on usb%d:%d.%d¥n", .
dev-sbi
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static void *hub_probe(struct usb_device *dev, unsigned int i,

A
( const struct ush_device,_id *id) EHEELS I

struct ush_interfacedescriptor *interfice. N [ e o - - oyon o - -———
struct usb_endpoint_descriptor *endpoint;
struct usb_hub *hubs @ |-,-,\4x§§g#ui*ﬁ§} 1
usignedlongflags: T | e m e m e —————
Fo-——--=-= ettt 3
1+ Sote hubs have a subelss of 1, which AFAICT according tothe % £ -r/\—(xﬁﬁ{**llﬁ
1% specs is not defined, but it works */ S

if ((interface->binterfaceSubClass != 0) &&

(interface->blnterfaceSubClass 1= 1)) |
err("invalid subclass (%d) for USB bub device #%d",
interface->blnterfaceSubClass, dev->devnum); % 0) f& 0) gﬁ ﬁ
return NULL;
)

1

1+ Multiple endpoints? What kind of matant inja-bob s this? #/ I

if (interface- >bNumEndpoints != 1) [ )
err(“invalid bNumEndpoints (%d) for USB hub device #%d”,

interface->bNumEndpoints, dev->devaum); [}

retum NULL; 1

) 1

]

endpoint = Ainterface->endpoint{0);

1 Qutput endpoint? Curiousicr and curiousicr.. */
i (!endpoint- bEndpolmAdﬁ s & USB_DIR_IN)) (
er(*Device #%d is hub class, but has output endpoint?”,
dev->devnum);
retum NULL;
)

]
]
1
1
I
% Ifi's not an interrupt endpoint, we'd better pu 1
if ((endpoint->bmAttributcs & USB_ ENDPOINT. mnma_msx) 1
USB_ENDPOINT_XFER_INT){ 1

em(*Device #%d is hub class, but has endpoint other than interrupt?”,
dev->devnum); t
]
1

return NULL;
}

1* We found a hub */
info("USB hub found");

hub = kmalloc(sizeof(*hub), GFP_KERNEL);
if (thub) {

err("couldn't kmalloc hub struct");

return NULL;

}

memset(hub, 0, sizeof(*hub));

INIT_LIST_HEAD{(&hub->event_list);
hub->dev = dev;
init_ MUTEX(&hub->khubd_sem),

/* Record the new hub's existence */
spin_lock_irgsave(&hub_event_lock, flags);
INIT_LIST_HEAD(&hub->hub_list);
list_add(&hub->hub_list, &hub_list);
spin_unlock_irgrestore(&hub_event_lock, flags);)

if (usb_hub_configure(hub, endpoint) >= 0) E
return hub; H
:

err("hub configuration failed for device #%d”, dev->devnum);

1 free hub, but first clean up its list. *
spin_lock_irgsave(&hub_event_lock, flags);

/* Delete it and then reset it */
list_del(&hub->event_list);
INIT_LIST_HEAD(&hub->event_list),
list_del(&hub->hub_list);
INIT_LIST_HEAD(&hub->hub_list);

spin_unlock_irgrestore(&hub_event_lock, flags);

kfree(hub);
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EHEESS
static void *hub_probe(struct usb_device *dev, unsigned int i,
const struct usb_device_id *id) | jem - - - - [ 2 T ——
( 1
struct usb_interface. deseriptor *interface; VNS RGBS
struct usb_cndpoint_descriptor *endpoint; | A} | | e e e e o o = - -
struct usb_hub *hub; ps
unsigned long flags;
r_Tm;u:=-'~ _______________ < ?/({Xﬁﬁ{*gﬂﬁ
7* Some hubs have a subclass of 1, which AFAICT according to the % ! n
1* specs is not defined, but it works */ i
if ((interface->blnterfoceSubClass I= 0) &&
(interface->bInterfaceSubClass = 1)) ‘fa)ﬁﬂa)ﬂﬁ —l

err("invalid subclass (%d) for USB hub device #%d",
interfs Class, dev->d

retam NULL;
)
/* Multiple endpoints? What kind of mutant ninja-hub is this? */

if (interface->bNumEndpoints 1= 1) {
err("invalid bNumEndpoints (%d) for USB hub device #%d",
P L d

retun NULL;
}

endpoint = &interface->endpoint[0];

/* Output endpoint? Curiousier and curiousier.. ¥/
if (!{endpoint->bEndpoint Address & USB_DIR _IN)) { 1
exr("Device #%d is hub class, but has output endpoint?”, !

dev->devaum);

retum NULL; 1
} 1
7% If it's not an interrupt endpoint, we'd better punt! %/ I
if {{(endpoint->bmAttributes & USB_ENDPOINT_XFERTYPE_MASK) 1= 1
'USB_ENDPOINT_XFER_INT){ 1
err("Device #%d is hub class, but has endpoint other than interrupt?”, I
dev->devnum); |
]
!

/* We found a hub */
info("USB hub found");

hub = kmalloc(sizeof(*hub), GFP_KERNELY);
if (thub) {

err("couldn't kmalloc hub struct");

return NULL;
}

memset(hub, 0, sizeof(*hub)); @
INIT_LIST_HEAD(&hub->event_list);

hub->dev = dev;

init_ MUTEX(&hub->khubd_sem);

/* Record the new hub's existence */
spin_lock_irgsave(&hub_event_lock, flags);
INIT_LIST_HEAD(&hub->hub_list);
list_add(&hub->hub_list, &hub_list);
spin_unlock_irqrestore(&hub_event_lock, flags);

' B
| "if (usb_hub, configure(hub, endpoint) < O)(
err("hub configuration failed for device #%d", dev->devnum);

/* free hub, but first clean up its list. */
spin_lock_irqsave(&hub_event_lock, flags);

I

1

1

|

1 /* Delete it and then reset it */
list_del(&hub->event_list);

| INIT_LIST_HEAD(&hub->event _list);

] list_del(&hub->hub_list);

1 INIT_LIST_HEAD(&hub->hub_list);

i

1

I

1

1

spin_unlock_irgrestore(&hub_event_lock, flags);

kfree(hub);

return NULL;
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i) if XDHEE
if (usb_hub_configure (hub,endpoint) >= 0)
»no
if (usb_hub_configure (hub,endpoint) < 0)
EE |
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