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seL4_Send()





4 bit guard + 8 bit radix* = 12 bits translated.
32 bit word - 12 bits = 20 bits remaining.

* 28 = 256 slots

8 bit guard + 12 bit radix = 20 bits translated.
32 bit word - 12 bits - 20 bits = 0 bits remaining.

0 bit guard + 4 bit radix = 4 bits translated.

First time through:
32 bit word - 12 bits - 4 bits = 16 bits remaining.

Second time through:
32 bit word - 2×(12 bits - 4 bits) = 0 bits remaining.

TCB

0xFF
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0x00 CNode Cap

Endpoint Cap
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CNode Cap

Frame Cap
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TCB Cap

CNode Cap

CNode Cap

CNode2
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CNode1

Guard: 0x1 (4 bits)

Guard: 0x0 (4 bits)

Guard: 0x00 (8 bits)

Guard: 0x0 (0 bits)
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arch arm11

objects {
tcb_a = tcb (addr: 0x00000000,

ip: 0x00000F10,
sp: 0x00000100,

prio: 125)

tcb_b = tcb (addr: 0x00001000,
ip: 0x00002E00,
sp: 0x00100000,

prio: 125)

cnode_a1 = cnode (16 bits)
cnode_a2 = cnode (16 bits)

cnode_b = cnode (12 bits)

cnode_extra = cnode (2 bits)

pd_a = pd

pt_a = pt

pd_b = pd

frame_a1 = frame (4k)
frame_a2 = frame (4k)
frame_b = frame (1M)

ep_shared = ep

aep_irq = aep

irq_node_0x04 = irq

irq_node_0xFE = irq

}

caps {
tcb_a {
cspace: cnode_a1 (guard: 0, guard_size: 28)
vspace: pd_a
ipc_buffer_slot: frame_a1 (RW)

}

tcb_b {
cspace: cnode_b (guard: 0, guard_size: 28)
vspace: pd_b
ipc_buffer_slot: frame_b (RW)

}

cnode_a1 {
0x0: tcb_a
0x1: cnode_a2 (guard: 0, guard_size: 28)

}

cnode_a2 {
0x0: ep_shared (W)
0x2: cnode_a1 (guard: 0, guard_size: 28)
0x3: pd_a
0x4: pt_a
0x8: frame_a1 (RWG)
0xA: aep_irq (RW)
0xB: frame_a2 (RWG)
0xC: irq_node_0x04

}

cnode_b {
0x00: tcb_b
0x02: cnode_b (guard: 0, guard_size: 28)
0x04: ep_shared (R)
0x07: pd_b
0x08: frame_b (RWG)
0xFE: irq_node_0xFE

}

cnode_extra {
0x1: cnode_extra (guard: 0, guard_size: 28)
0x3: ep_shared (RWG)

}

pd_a {
0x0: pt_a

}

pt_a {
0x0: frame_a1 (RWG)
0x4: frame_a2 (RWG)

}

pd_b {
0x0: frame_b (RWG)

}

irq_node_0x04 {
0xA: aep_irq (RW)

}

irq_node_0xFE {
}

}

cdt {
(cnode_extra,0x0) {(cnode_a2, 0x0); (cnode_b, 0x3)}

}

irq maps {
0x04: irq_node_0x04
0xFE: irq_node_0xFE

}
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init_system

void init_system(const CDL_Model *spec) {

seL4_BootInfo *bootinfo = seL4_GetBootInfo();

parse_bootinfo(bootinfo);

create_objects(spec, bootinfo);

create_irq_caps(spec);

duplicate_caps(spec);

init_irqs(spec);

init_pd_asids(spec);

init_vspace(spec);

init_tcbs(spec);

init_cspace(spec);

start_threads(spec);

}

init_system

malloc

seL4_GetBootInfo()



create_objects

seL4_TCB_WriteRegisters()

seL4_TCB_WriteRegisters()

static seL4_CPtr capdl_to_sel4_orig[CONFIG_CAPDL_LOADER_MAX_OBJECTS];

static seL4_CPtr capdl_to_sel4_copy[CONFIG_CAPDL_LOADER_MAX_OBJECTS];

static seL4_CPtr capdl_to_sel4_irq[CONFIG_CAPDL_LOADER_MAX_OBJECTS];

static seL4_CPtr free_slot_start, free_slot_end;

static seL4_UserContext global_user_context;

seL4_TCB_WriteRegisters



init_cpsace

init_cnode MOVE COPY

init_cnode_mode

void init_cspace(const CDL_Model *spec) {

for (CDL_ObjID obj_id = 0; obj_id < spec >num; obj_id++)

if (spec >objects[obj_id].type == CDL_CNode)

init_cnode(spec, COPY, obj_id);

for (CDL_ObjID obj_id = 0; obj_id < spec >num; obj_id++)

if (spec >objects[obj_id].type == CDL_CNode)

init_cnode(spec, MOVE, obj_id);

}

init_cspace

CDL_CapSlot

slot_index

void init_cnode(const CDL_Model *spec, init_cnode_mode mode, CDL_ObjID cnode_id) {

CDL_Object *cdl_cnode = get_spec_object(spec, cnode_id);

for (unsigned int slot_index = 0; slot_index < CDL_Obj_NumSlots(cdl_cnode);

slot_index++)

init_cnode_slot(spec, mode, cnode_id, CDL_Obj_GetSlot(cdl_cnode,

slot_index));

}

init_cnode



void init_cnode_slot(const CDL_Model *spec, init_cnode_mode mode,

CDL_ObjID cnode_id, CDL_CapSlot *cnode_slot) {

CDL_Cap *target_cap = CDL_CapSlot_Cap(cnode_slot);

CDL_ObjID target_cap_obj = CDL_Cap_ObjID(target_cap);

CDL_IRQ target_cap_irq = CDL_Cap_IRQ(target_cap);

seL4_CapRights target_cap_rights = CDL_Cap_Rights(target_cap);

seL4_CapData_t target_cap_data = get_capData(CDL_Cap_Data(target_cap));

CDL_CapType target_cap_type = CDL_Cap_Type(target_cap);

int is_ep_cap = (target_cap_type == CDL_EPCap ||

target_cap_type == CDL_AEPCap);

int is_irq_handler_cap = (target_cap_type == CDL_IRQHandlerCap);

int is_orig_cap = CDL_Cap_IsOrig(target_cap);

CDL_Object *dest_obj = get_spec_object(spec, cnode_id);

uint8_t dest_size = CDL_Obj_SizeBits(dest_obj);

seL4_CPtr dest_root = dup_caps(cnode_id);

int dest_index = CDL_CapSlot_Slot(cnode_slot);

uint8_t dest_depth = dest_size;

seL4_CPtr src_root = seL4_CapInitThreadCNode;

int src_index = is_irq_handler_cap ? irq_caps(target_cap_irq)

: orig_caps(target_cap_obj);

uint8_t src_depth = 32;

if ((mode == MOVE) && is_orig_cap) {

if (is_ep_cap || is_irq_handler_cap) {

int error = seL4_CNode_Move(dest_root, dest_index, dest_depth,

src_root, src_index, src_depth);

seL4_AssertSuccess(error);

} else {

int error = seL4_CNode_Mutate(dest_root, dest_index, dest_depth,

src_root, src_index, src_depth,

target_cap_data);

seL4_AssertSuccess(error);

}

} else if ((mode == COPY) && !is_orig_cap) {

int error = seL4_CNode_Mint(dest_root, dest_index, dest_depth,

src_root, src_index, src_depth,

target_cap_rights, target_cap_data);

seL4_AssertSuccess(error);

}

}

init_cnode_slot
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arch arm11

objects {

tcb_a = tcb (addr: 0x00000000,

ip: 0x00000F10,

sp: 0x00000100,

prio: 125)

tcb_b = tcb (addr: 0x00001000,

ip: 0x00002E00,

sp: 0x00100000,

prio: 125)

cnode_a1 = cnode (16 bits)

cnode_a2 = cnode (16 bits)

cnode_b = cnode (12 bits)

cnode_extra = cnode (2 bits)

pd_a = pd

pt_a = pt

pd_b = pd

frame_a1 = frame (4k)

frame_a2 = frame (4k)

frame_b = frame (1M)

ep_shared = ep

aep_irq = aep

irq_node_0x04 = irq

irq_node_0xFE = irq

}

caps {

tcb_a {

cspace: cnode_a1 (guard: 0, guard_size: 28)

vspace: pd_a

ipc_buffer_slot: frame_a1 (RW)

}

tcb_b {

cspace: cnode_b (guard: 0, guard_size: 28)

vspace: pd_b

ipc_buffer_slot: frame_b (RW)

}

cnode_a1 {

0x0: tcb_a

0x1: cnode_a2 (guard: 0, guard_size: 28)

}

cnode_a2 {

0x0: ep_shared (W)

0x2: cnode_a1 (guard: 0, guard_size: 28)

0x3: pd_a

0x4: pt_a

0x8: frame_a1 (RWG)

0xA: aep_irq (RW)

0xB: frame_a2 (RWG)

0xC: irq_node_0x04

}

cnode_b {

0x00: tcb_b

0x02: cnode_b (guard: 0, guard_size: 28)

0x04: ep_shared (R)

0x07: pd_b

0x08: frame_b (RWG)

0xFE: irq_node_0xFE

}

cnode_extra {

0x1: cnode_extra (guard: 0, guard_size: 28)

0x3: ep_shared (RWG)

}

pd_a {

0x0: pt_a

}

pt_a {

0x0: frame_a1 (RWG)

0x4: frame_a2 (RWG)

}

pd_b {

0x0: frame_b (RWG)

}

irq_node_0x04 {

0xA: aep_irq (RW)

}

irq_node_0xFE {

}

}

cdt {

(cnode_extra,0x0) {(cnode_a2, 0x0); (cnode_b, 0x3)}

}

irq maps {

0x04: irq_node_0x04

0xFE: irq_node_0xFE

}

Kernel state

FRAME

FRAME�

�

�

�

CO
NT
EX
T

PTA

PDA

CNODEA2

CNODEA1

TCBA0x40 42 00

0x30 00 00

0x40 20 00

0x30 90 00

0x30 80 00

0x40 18 00

0x40 10 00

CapDL textual specification

injection φ

injection φ

Monomophism
(injective homomorphism)
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