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ABSTRACT

The OSPF protocol is the most widely used Interior Gateway Routing Protocol. Therefore, for the reliability of
behavior of gigabit swiching routers, it is essential to guarantee the interoperability and the safety of the OSPF
protocol. In this paper, we analyze the standard document of the OSPF protocol, so that we provide a formal
specification that specifies the protocol behaviors by detailed design level using the algebraic formal method. By
referring available source codes of the OSPF protocol, we supplement the formal specification to express more
detailed behaviors that is not specified definitely in the standard. We also formally verify the interoperability and
the safety of the protocol state machine of the specification. By showing that the formal specification specify all
of the states and the transition events that appear in the standard document of the OSPF protocol, we prove that
the state machine has the completeness, and prove it has the interoperability. To prove that the specification of
the protocol has the safety, we formally verify the reachability, the liveness, the livelock-free property, and the
deadlock-free property. As a result, we prove the protocol has the consistency. The specification and the
validation are also effective to the OSPF Version 3 that inherit the protocol mechanism of the OSPF Version 2.
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DOWN = Hellointerval_expiry . send(hello_pkt) .
reset_timer_for_Hellointerval . ATTEMPT +
Pollinterval_expiry . send(hello_pkt) .
reset_timer_for_Pollinterval. ATTEMPT +
recv(hello_pkt) . reset_timer_for_HelloInterval .
reset_timer_for_Pollinterval .
reset_RouterDead_timer . (valid_hello_pkt . INIT
+ invalid_pkt . DOWN) +
RouterDeadInterval_expiry .
clear_retransmission_list . clear_summary_list .
clear_LS_req_list . DOWN + (KillNbr + LLDown)
. DOWN

ATTEMPT = recv(hello_pkt) .
reset_timer_for_Hellointerval .
reset_timer_for_Pollinterval .
reset_RouterDead_timer . (valid_helio_pkt . INIT
+ invalid_pkt . DOWN) + (KilINbr +
RouterDeadInterval_expiry + LLDown) . DOWN

INIT = mylPaddress_founded_in_HELLO_pkt .
(conn_to_pnt_to_pnt_net +
conn_to_pnt_to_multipnt_net +
conn_to_virtual_link + (conn_to_broadcast_net
+ conn_to_NBMA_net) .
(conn_to_Designated_Router +
conn_to_Backup_Designated_Router)) .
EXSTART + (not_conn_to_pnt_to_pnt_net .
not_conn_to_pnt_to_multipnt_net .
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not_conn_to_virtual_link .
not_conn_to_broadcast_net .
not_conn_to_NBMA_net +
(conn_to_broadcast_net + conn_to_NBMA_net)
. (not_conn_to_Designated_Router .
not_conn_to_Backup_Designated_Router)) .
2WAY +
mylPaddress_not_founded_in_HELLO_pkt . INIT
+ (KillNbr + RouterDeadinterval_expiry +
LLDown) . DOWN + recv(hello_pkt) .
reset_timer_for_Hellointerval .
reset_timer_for_Pollinterval .
reset_RouterDead_timer . valid_hello_pkt . INIT

2WAY = mylPaddress_not_founded_in_HELLO_pkt .
INIT + (conn_to_pnt_to_pnt_net +
conn_to_pnt_to_multipnt_net +
conn_to_virtual_link + (conn_to_broadcast_net
+ conn_to_NBMA_net) .
(conn_to_Designated_Router +
conn_to_Backup_Designated_Router)).
EXSTART + (KiliNbr +
RouterDeadIntervai_expiry + LLDown) . DOWN
+ recv(helio_pkt) .
reset_RouterDeadInterval_timer . valid_hello_pkt
. (mylPaddress_founded_in_HELLO_pkt . 2WAY
+ mytPaddress_not_founded_in_HELLO_pkt .
clear_retransmission_list . clear_summary_list .
clear_LS_req_list . INIT )

EXSTART = Master_slave_negotiated .
DD_seq_num_exchanged. EXCHNG + (KillNbr +
RouterDeadInterval_expiry + LLDown) . DOWN
+ (recv(database_description_pkt) .
SegNumberMismatch + recv(LS_req_pkt) .
BadLSReq + recv(Hello_pkt) .
mylPaddress_not_founded_in_HELLO_pkt) .
EXSTART + (not_conn_to_pnt_to_pnt_net .
not_conn_to_pnt_to_multipnt_net .
not_conn_to_virtual_link .
not_conn_to_broadcast_net .
not_conn_to_NBMA_net +
(conn_to_broadcast_net + conn_to_NBMA_net)
. (not_conn_to_Designated_Router .
not_conn_to_Backup_Designated_Router)) .
clear_retransmission_list . clear_summary_list .
clear_LS_req_list . INIT + recv(hello_pkt) .
reset_RouterDeadinterval_timer . valid_hello_pkt
. (mylPaddress_founded_in_HELLO_pkt .
EXSTART +
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mylPaddress_not_founded_in_HELLO_pkt .
clear_retransmission_list . clear_summary_list .
clear_LS_req_list . INIT)

EXCHNG = send(data_description_pkt) . EXCHNG

+ no_receive_DD_in_ack .
retransmission_last_DD . EXCHNG +
receive_DD_in_ack .
possibly_add_nb_linkstate_req_list .
(LS_req_list_empty .FULL +
not_LS_req_list_empty . send(LS_req_pkt) .
LOADING) + (KiliNbr +
RouterDeadInterval_expiry + LLDown) . DOWN
+ (recv(database_description_pkt) .
SegNumberMismatch + recv(LS_req_pkt) .
BadLSReq + recv(Hello_pkt) . valid_hello_pkt .
mylPaddress_not_founded_in_HELLO_pkt)
.clear_retransmission_list . clear_summary_list .
clear_LS_req_list . EXSTART +
(not_conn_to_pnt_to_pnt_net .
not_conn_to_pnt_to_multipnt_net .
not_conn_to_virtual_link .
not_conn_to_broadcast_net .
not_conn_to_NBMA_net +
(conn_to_broadcast_net + conn_to_NBMA_net)
. (not_conn_to_Designated_Router .
not_conn_to_Backup_Designated_Router)) .
clear_retransmission_list . clear_summary_list .
clear_LS_req_list . INIT + recv(hello_pkt) .
reset_RouterDeadinterval_timer . valid_hello_pkt
. (mylPaddress_founded_in_HELLO_pkt .
EXCHNG +
mylPaddress_not_founded_in_HELLO_pkt .
clear_retransmission_list . clear_summary_list .
clear_LS_req_list . INIT)

LOADING = LS_req_list_empty . FULL +

recv(LS_update) . delete_LS_reqg_in_list .
(LS_req_list_empty . FULL +
not_LS_req_list_empty . send(LS_req_pkt) .
LOADING ) + req_retrans_time_expire .
send(LS_req_pkt) . LOADING + (KillNbr +
RouterDead!nterval_expiry + LLDown) . DOWN
+ (recv(database_description_pkt) .
SegNumberMismatch + recv(LS_req_pkt) .
BadLSReq + recv(Hello_pkt) .
mylPaddress_not_founded_in_HELLO_pkt) .
clear_retransmission_list . clear_summary_list .
clear_LS_req_list . EXSTART + recv{hello_pkt) .
reset_RouterDeadInterval_timer . LOADING +

(not_conn_to_pnt_to_pnt_net .
not_conn_to_pnt_to_multipnt_net .
not_conn_to_virtual_link .
not_conn_to_broadcast_net .
not_conn_to_NBMA_net +
(conn_to_broadcast_net + conn_to_NBMA_net)
. (not_conn_to_Designated_Router .
not_conn_to_Backup_Designated_Router)) .
clear_retransmission_list . clear_summary_list .
clear_LS_req_list . INIT + recv(hello_pkt) .
valid_hello_pkt .
my!Paddress_founded_in_HELLO_pkt .
LOADING

FULL = (local_rtr_state_change + LSA_Reflesh +

Receive_Self_LSA) . ORIGINATE_LSA +
recv_LS_update . RECV_N_FLOOD_LSA +
retrans_timer_expire . build_retrans_update .
flood_out_interfaces . FULL +
route_calc_timer_expired . full_route_calc .
updating_route_table . FULL + (KillNbr +
RouterDeadInterval_expiry + LLDown) . DOWN
+ (recv(database_description_pkt) .
SeaNumberMismatch + recv(LS_req_pkt) .
BadLSReq + recv(Hello_pkt) .
mylPaddress_not_founded_in_HELLO_pkt) .
clear_retransmission_list . clear_summary_list .
clear_LS_reqg_list . EXSTART +
(not_conn_to_pnt_to_pnt_net .
not_conn_to_pnt_to_multipnt_net .
not_conn_to_virtual_link .
not_conn_to_broadcast_net .
not_conn_to_NBMA_net +
(conn_to_broadcast_net + conn_to_NBMA_net)
. (not_conn_to_Designated_Router .
not_conn_to_Backup_Designated_Router)) .
clear_retransmission_list . clear_summary_list .
clear_t.S_req_list . INIT + recv(hello_pkt) .
reset_RouterDeadInterval_timer . valid_hello_pkt
. (mylPaddress_founded_in_HELLO_pkt . FULL
+ mylPaddress_not_founded_in_HELLO_pkt .
clear_retransmission_fist . clear_summary_{ist .
clear_LS_req_list . INIT)

ORIGINATE_LSA =

interface_type_specific_LSA_orginate.
Find_current_database_copy_LSA .
(no_get_next_LS_seq_no . origination_postpone
. FULL + get_next_LS_seq_no . build_LSA .
(empty_result . flush_LSA_instead . FULL+
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Neighbor state changes (Hello Protocol)

Start

DOWN

Hello Received

2-Way Receive
adjacency

Hello Received

In addition to the state {ransitions pictured,
Event KilINbr always forces Down State,

Event InactivityTimer always forces Down State,
Event LLDown always forces Down State

No adjacency

1-Way Received

In addition to the stdte transitions pictured,

Event SeqNumberMismatch forces ExStart state,
Event BadLSReq forces ExStart state,
Event 1-Way forces|Init state,

Event KillNbr always forces Down State,
Event inactivity Timer always forces Down State,
Event LLDown alw;/s forces Down State,

Exchange Done

LoadingDone

Event AdjOK? leads to adjacency forming/breaking

Neighbor state changes (Database Exchange)

a8 1.

no_empty_result . (forced + changed) .
checksum . ADD_DATABASE))

ADD_DATABASE = (({localTopologyChanged +
reflesh) .orignateLSA ) + receivelLSA ) .
add_to_AVL_tree . PreparsingforRoutingCalc .
startaging . add_to_retrans_lists .
flood_out_interfaces .
SCHEDULING_ROUTE_CALC

RECV_N_FLOOD_LSA = LSA_ not_valid .
discard_LSA . FULL + LSA_valid .
(not_more_recent_than_DB . send(dirt_ack_pkt)
. FULL + more_recent_than_DB .
schd_delayed_ACK . (AS_external_LSA_recvd .
EXTER_ROUTING + not_aaAS_external_LSA .
(ADD_DATABASE + DEL_DATABASE)))

DELETE_DATABASE = (overwritten_by_LSA +
maxagelLSA_all_acked) . stop_aging .
undo_preparing_for_routing_caic .
remove_from_AVL_tree . no_longer_referenced
. free_LSA_Storage.
SCHEDULING_ROUTE_CALC

SCHEDULING_ROUTE_CALC = AS_external_LSA .
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recalc_old_new_route_table .
remove_multicast_cache_entries_with_matching
_source . ORG_SUMMARY_LSA +
group_membership_LSA .
clear_multicast_cache_entries_for_group .
is_ABR . originate_group_membership_LSA .
ORG_SUMMARY_LSA + (no_AS_external _LSA +
no_group_membership_LSA ) .
(intra_AS_calc_already_sched . FULL+
no_intra_AS_calc_already_sched . ({router_LSA
+ network_LSA) . sched_full_AS_route_calc.
ORG_SUMMARY_LSA + summary_LSA .
recalc_old_new_route_table .
remove_multicast_cache_entries_with_matching
_source . ORG_SUMMARY_LSA +
ASBR_summary_LSA .
recalc_asbr_route_table_entry .
ORG_SUMMARY_LSA ))

ORG_SUMMARY_LSA = no_LSA_changed . FULL +
LSA_changed . rerun_full_intra_AS_routing_calc
. scan_routing_table (change_intra_area_route+
change_unaggregated_intra_area_route +
change_aggregated_intra_area_route) .
reorgin_summary_LSA . ORG_SUMMARY_LSA
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EXTR_ROUTING = calc_preferred_path.
(best_path_from_othersource_or_BGP .
install_rt_entry_as_RT_STATIC .
orginate_AS_external_LSA . FULL +
best_path_from_AS_external _LSA .

install_rt_entry_as_RT_EXT . FULL) |
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Start = Hellolnterval_expiry . send(helio_pkt) .
reset_timer_for_Hellointerval +
Pollinterval_expiry . send(hello_pkt) .
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reset_timer_for_Pollinterval

reset_all_timer_for_Hello_pkt =
reset_timer_for_HelloInterval .
reset_timer_for_Poliinterval .
reset_RouterDead_timer

hello_received = recv{hello_pkt) .
reset_all_timer_for_Hello_pkt . valid_hello_pkt

exceptionOfDOWN = recv(hello_pkt) .
reset_all_timer_for_Hello_pkt . invalid_pkt
+RouterDeadinterval_expiry .
remove_adjacency + KillNbr + LLDown

ol& HFER thx|sled, DOWN el wiAAE )

7%,

DOWN = start . ATTEMPT + hello_received . INIT +
exceptionOfDown . DOWN

2 DOWN el AlAlS 213t & 5= glok

Al ATTEMPTS] Al wlgaloe] x5
ATTEMPT ~Jejs} o]2Hele] HolEst shds] <
A Bol7] S, ofele) B W Aefet

a,

exceptionOfATTEMPT = hello_received .
reset_all_timer_for_Hello_pkt . invalid_pkt .
KilINbr + RouterDeadlnterval_expiry + LLDown

o]Z#} hello_received H52 WHE9Q BAEE
tx|3}ed, Ale] ATTEMPTE <I3t 48 A7]|&s)
d, o2} zde] 7iefst & 4 glck

ATTEMPT = hello_received . INIT +
exceptionOfATTEMPT . DOWN

A4 INITO] A whalAle] mire] Ael INITS}
2 e PEle] HelEdt dAFEE melr] #sl,
Hol AFES o3t 2ol sk,

2-way_received =
mylPaddress_founded_in_HELLO_pkt

adjacency= conn_to_pnt_to_pni_net +
conn_to_pnt_to_multipnt_net +
conn_to_virtual_link + (conn_to_broadcast_net
+ conn_to_NBMA_net) .
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(conn_to_Designated_Router +
conn_to_Backup_Designated_Router)

no_adjacency = not_conn_to_pnt_to_pnt_net .
not_conn_to_pnt_to_multipnt_net .
not_conn_to_virtual_link .
not_conn_to_broadcast_net .
not_conn_to_NBMA_net +
(conn_to_broadcast_net + conn_to_NBMA_net)
. (not_conn_to_Designated_Router .
not_conn_to_Backup_Designated_Router)

exceptionOfINIT =
mylPaddress_not_founded_in_HELLO_pkt +
recv(helio_pkt) . reset_all_timer_for_Hello_pkt .
valid_hello_pkt . reset_RouterDeadInterval_timer

exceptionOfNbrStateMachine = KillNbr +
RouterDeadInterval_expiry + LLDown

o15E Mgl AlEstel A Tt 2
c}.

INIT = 2-way_received . (adjacency . EXSTART+
not_adjacency . 2WAY) + exceptionOfINIT .
INIT + exceptionOfNbrStateMachine . DOWN

olele] W9l MeEe Belsta,

1-way_received =
mylPaddress_not_founded_in_HELLO_pkt

exceptionOf2WAY = (KillNbr +
RouterDeadInterval_expiry + LLDown)

o] 53} W4 2-way_received®} W4 1-way_
received3 A}g3}ed, Alell 2WAY 2] Alel] HEGAlS-
A71EsPd okt ek

2WAY = 1-way_received . INIT + adjacency .
EXSTART + exceptionOf2ZWAY . DOWN +
hello_received . (2-way_received . 2WAY +
1-way_received . INIT)

el EXSTART Arell wbAAlS- 71ekslslr] 84,
olelle] #¢) WrE-g AHoFht

NegotiationDone = Master_slave_negotiated .
DD_seg_no_exchanged
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exceptionOfEXSTARTT =
recv(database_description_pkt) .
SeaNumberMismatch + recv(LS_req_pkt) .
BadLSReq + recv(hello_pkt) .
reset_RouterDeadinterval_timer .
(mylPaddress_founded_in_HELLO_pkt .
EXSTART +
mylPaddress_not_founded_in_HELLO_pkt .
removing_adjacency . INIT)

exceptionOfEXSTART2 =
(not_conn_to_pnt_to_pnt_net .
not_conn_to_pnt_to_multipnt_net .
not_conn_to_virtual_link .
not_conn_to_broadcast_net .
not_conn_to_NBMA_net +
(conn_to_broadcast_net + conn_to_NBMA_net)
. (not_conn_to_Designated_Router .
not_conn_to_Backup_Designated_Router)) .
clear_retransmission_list . clear_summary_list .
clear_LS_req_list + recv(hello_pkt) .
reset_RouterDeadlInterval_timer .
mylPaddress_not_founded_in_HELLO_pkt

removing_adjacency = clear_retransmission_list .
clear_summary_list . clear_LS_req_list

exceptionOfEXSTART2 = no_adjacency .
removing_adjacency + recv(hello_pkt) .
reset_RouterDeadInterval_timer .
mylPaddress_not_founded_in_HELLO_pkt .
removing_adjacency

ae}an o) 5 W53} ¥4 no_adjacencyZE A8k
o, EXSTART Al wbdA& A7)1gebd ohs
ok

EXSTART = NegotiationDone . EXCHNG +
exceptionOfNbrStateMachine . DOWN +
exceptionOfEXSTART1 . EXSTART +
exceptionOfEXSTARTZ2 . INIT

AFeh EXCHNGS] el wbgale) heksis slal, of
dle] ag] WAEe Holaial

exchangeDone = LS_req_list_empty

exceptionOfEXCHNG1 =
(recv(database_description_pkt) .

SegNumberMismatch + recv(LS_req_pkt) .
BadlLSReq + recv(hello_pkt) .
mylPaddress_not_founded_in_HELLO_pkt)
.removing_adjacency

exceptionOfEXCHNG?Z = no_adjacency .
removing_adjacency . INIT + recv(hello_pkt) .
reset_RouterDeadInterval_timer .
mylPaddress_not_founded_in_HELLO_pkt .
removing_adjacency . INIT

exceptionOfFEXCHNG3 =recv(hello_pkt) .
reset_RouterDeadInterval_timer .
mylPaddress_founded_in_HELLO_pkt .
EXCHNG

aelar olE  HWg9} W exceptionOfNbr-
StateMachine®} <> removing_adjacency & A}8-3}
o], EXCHNG AejAl& ohga 7o) zieks) & &
Aurk

EXCHNG = send(data_description_pkt) . EXCHNG
+ no_receive_DD_in_ack .
retransmission_last_DD . EXCHNG +
receive_DD_in_ack .
possibly_add_nb_linkstate_req_list .
exchangeDone .FULL + not_exchangeDone .
send(LS_rea_pkt) . LOADING +
exceptionOfNbrStateMachine . DOWN +
exceptionOfEXCHNG . EXSTART +
exceptionOfEXCHNG?2 . INIT +
exceptionOfEXCHNG3 . EXCHNG

el LOADINGS] Abef wlda)e] zhekslg isfi,
o9 sfg) Mg Aokt

loading_Done = LS_req_list_empty

exceptionOfLOADING = recv(hello_pkt) .
reset_RouterDeadInterval_timer .
mylPaddress_founded_in_HELLO_pkt

ofF MEEN YA AYF WSE F ArE A
3}ed, LOADING A48 thea} zho] 7heks}alo]
A7 &+ sl

LOADING = loading_Done . FULL +

recv(LS_update) . delete_LS_req_in_list .
(loading_Done . FULL + not_loading_Done .
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send(LS_req_pkt) . LOADING ) +
reg_retrans_time_expire . send(LS_req_pkt) .
LOADING + exceptionOfNbrStateMachine .
DOWN + exceptionOfEXSTART1 . EXSTART +
exceptionOfEXSTART2 . INIT +
exceptionOfLOADING . LOADING

FULL e} wgale] 72kt 9lailr, ohs o9
Mg Aol

exceptionOfFULL = recv(hello_pkt) .
reset_RouterDeadInterval_timer .
mylPaddress_founded_in_HELLO_pkt

o Wge} okl ASfat WAS F ARE AFgalel,
FULL 4ei4 ches) 7o) 023} & 4 sk

FULL = (local_rtr_state_change + LSA_Reflesh +
Receive_Self_LSA) . ORIGINATE_LSA +
recv_LS_update . RECV_N_FLOOD_LSA +
retrans_timer_expire . build_retrans_update .
flood_out_interfaces . FULL +
route_calc_timer_expired . full_route_calc .
updating_route_table . FULL +
exceptionOfNbrStateMachine . DOWN +
exceptionOfEXCHNG1 . EXSTART +
no_adjacency . removing_adjacency . INIT +
recv(hello_pkt) . reset_RouterDeadinterval_timer
. mylPaddress_not_founded_in_HeLLO_pkt .
removing_adjacency . INIT + exceptionOfFULL .
FULL

ol A1 Eale] skE A5 Aea, ohe
3 2}

DOWN = start . ATTEMPT + hello_received . INIT +
exceptionOfDown . DOWN

ATTEMPT = hello_received . INIT +
exceptionOfATTEMPT . DOWN

INIT = 2-way_received . (adjacency . EXSTART+
not_adjacency . 2WAY)} + exceptionOfINIT .
INIT + exceptionOfNbrStateMachine . DOWN

2WAY = 1-way_received . INIT + adjacency .
EXSTART + exceptionOf2WAY . DOWN +
hello_received . (2-way_received . 2WAY +
1-way_received . INIT)

EXSTART = NegotiationDone . EXCHNG +
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exceptionOfNbrStateMachine . DOWN +
exceptionOfEXSTART1 . EXSTART +
exceptionOfEXSTART2 . INIT

EXCHNG = send(data_description_pkt) . EXCHNG
+ no_receive_DD_in_ack .
retransmission_last_DD . EXCHNG +
receive_DD_in_ack .
possibly_add_nb_linkstate_req_list .
exchangeDone .FULL + not_exchangeDone .
send(LS_req_pkt) . LOADING) +
exceptionOfNbrStateMachine . DOWN +
exceptionOfEXCHNG . EXSTART +
exceptionOfEXCHNG2 . INIT +
exceptionOfEXCHNG3 . EXCHNG

LOADING = loading_Done . FULL +
recv(LS_update) . delete_LS_req_in_list .
(loading_Done . FULL + not_loading_Done .
send(LS_req_pkt) . LOADING ) +
req_retrans_time_expire . send{LS_req_pkt) .
LOADING + exceptionOfNbrStateMachine .
DOWN + exceptionOfEXSTART1 . EXSTART +
exceptionOfEXSTARTZ2 . INIT +
exceptionOfLOADING . LOADING

FULL = (local_rtr_state_change + LSA_Reflesh +
Receive_Self_LSA) . ORIGINATE_LSA +
recv_LS_update . RECV_N_FLOOD_LSA +
retrans_timer_expire . build_retrans_update .
flood_out_interfaces . FULL +
route_calc_timer_expired . full_route_calc .
updating_route_table . FULL +
exceptionOfNbrStateMachine . DOWN +
exceptionOfEXCHNG1 . EXSTART +
no_adjacency . removing_adjacency . INIT +
recv(hello_pkt) . reset_RouterDeadlInterval_timer
. mylPaddress_not_founded_in_HELLO_pkt .
removing_adjacency . INIT + exceptionOfFULL .
FULL
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952 vgsm S, ol ces
o] 9] WHES Aelsiel, LTS =Ae 21k}
t}l Ale]l ATTEMPTS] Alel] w}RAlel] &e] Ha,E
Z9lele], Holza} s A IGE ZEEE
#95 HeRslshe g HolW v} 2tk oY)
] 39 hello_receivedto] Zwolla] F+AlS} A}
o] stz 8¢ m2EE s} /Pygsiar
ATTEMPT = hello_received . INIT +
exceptionOfATTEMPT . DOWN
= hello_received . INIT + a . DOWN

olx] OSPF == g2o] LTS w42 wetids
kool welek

] 2] 2 74Z ikl OSPF ZEEFe] LTS 9

rSL‘

A =2A-e ek ohA] "elA, LTSE 4
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DOWN =a . ATTEMPT + b . INIT + c. DOWN

DOWN .a=d.INIT +e. DOWN

DOWN . abd = f. 2WAY + g . EXSTART + h . INIT +
i . DOWN

DOWN . abdf =j. INIT + k . EXSTART + | . DOWN +
m . 2WAY

DOWN . abdfk = n. EXCHNG + o . DOWN + p .
EXSTART + + a . INIT

DOWN . abdfkn =r . EXCHNG + s . FULL +t.
LOADING + u . DOWN + v . EXSTART + w .
INIT

DOWN . abdfknt = x . FULL + y . LOADING
DOWN . abdfkntx = z. ORIGINATE_LSA + aa .
RECV_N_FLOOD_LSA + bb . FULL + cc .

DOWN + dd . EXSTART + ee . INIT

DOWN . abdfkntxz = tf . FULL + gg .
ADD_DATABASE

DOWN . abdfkntxzgg = hh .
SCHEDULING_ROUTE_CALC

DOWN . abdfkntxzgghh = i . FULL +jj .

EXTER_ROUTING + kk . (ADD_DATABASE +
DEL_DATABASE)
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DOWN . abdfkntxzgghhkk = II .
SCHEDULING_ROUTE_CALC

DOWN . abdfkntxzgghhkk!ll = mm .
ORG_SUMMARY_LSA + nn . FULL

DOWN . abdfkntxzgghhkklimm = oo . FULL + pp .
ORG_SUMMARY_LSA

DOWN . abdfkntxzgghhjj = qgq . FULL

29, $lellM Bl vle} 3ho], A AlE Fell A
& shte] Aol Fx 7]E 95l e e
Ul 2E AEEe] Jehdoh we, BE AHE
< R YE Edo] rhesiole RS S
el |
t}&o 2 OSPF T3 g0 Ay Znsich
Z 2] 3 OSPF =R EF9] LTS wAle Q&EAS
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9] & AHed, AR
7] Aol =edvls sl
Z 9 AEAE Holy| gdl, q9) WHFESE A
2o] Aoz, A 1ela] AARE e WAAES
A e e R R
DOWN = a.ATTEMPT + b . INIT + ¢. DOWN

co = :
== ¢ H £

ATTEMPT = d . INIT + e . DOWN

INIT = f. 2WAY + g . EXSTART + h . INIT + i .
DOWN

2WAY = . INIT + k . EXSTART + 1. DOWN + m .
2WAY

EXSTART = n. EXCHNG + 0 . DOWN + p .
EXSTART + + g . INIT

EXCHNG = r . EXCHNG + s . FULL + t . LOADING
+u . DOWN +v . EXSTART + w . INIT

LOADING = x . FULL +y . LOADING
FULL = z. ORIGINATE_LSA + aa .
RECV_N_FLOOD_LSA + bb . FULL + cc .

DOWN + dd . EXSTART + ee . INIT

ORIGINATE_LSA = ff . FULL + gg .
ADD_DATABASE
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ADD_DATABASE = hh . (ii . ORG_SUMMARY_LSA +
ii . FULL)

RECV_N_FLOOD_LSA = kk . FULL +1Il.
EXTER_ROUTING + mm . (ADD_DATABASE +
DEL_DATABASE)

DELETE_DATABASE = nn. (o0 .
ORG_SUMMARY_LSA + pp . FULL)

SCHEDULING_ROUTE_CALC = qaqg .
ORG_SUMMARY_LSA +rr . FULL

ORG_SUMMARY_LSA = ss . FULL +tt.
ORG_SUMMARY_LSA

EXTR_ROUTING = uu . FULL

OSPF T2 EZe] Z7] Aelx= DOWN A o]
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2 s ol Al FULL A o]§<] wE 4
o WA FULL AEl2 Euhs 3he Aolx 3
b B v A L o G e A S B i S B
715 FAFel viehd BE AHES, Z2EF HE
7t 23 5 ode e Bf‘f& ¥ 27 Al
o ¥t Fr}l e, $el= LTS =4 l
H EE gl AR 5o A AHolgd ¥
¥ a7 bz Eddce M 3‘“36]’934-
|
A 2] 4 OSPF Z2&Z2| LTS HAe] 7|sH
Z2eF 7Ae selud FA) BAS Zenh o
Al 2aa, WHAE OSPF Z2EE 29 #3528
T A dAEEE otk
F 4 AR 1o EXiF ZReF ¢ Hess
F7I8te] Aol A9 WMeES AREsid, A9l ]
of AR LTS A¥A WAE Hi shte] Wik
Q S ZREZ 9] =hg Wrlw 7=k} s,
o3 2t

=

»

[od

O

DOWN = start . ATTEMPT + hello_received . INIT +
exceptionOfDown . DOWN

ATTEMPT = hello_received . INIT +
exceptionOfATTEMPT . DOWN
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INIT = 2~way_received . (a2 . EXSTART+ b . 2WAY)
+ exceptionOfINIT | INIT +
exceptionOfNbrStateMachine . DOWN

2WAY = {-way_received . INIT + adjacency .
EXSTART + exceptionOf2WAY . DOWN +
hello_received . (c . 2WAY + d . INIT)

EXSTART = NegotiationDone . EXCHNG +
exceptionOfNbrStateMachine . DOWN +
exceptionOfEXSTART1 . EXSTART +
exceptionOfEXSTARTZ . INIT

EXCHNG = send(data_description_pkt) . EXCHNG
e . retransmission_last_DD . EXCHNG +

receive_DD_in_ack . f .FULL+g .
send(LS_rea_pkt) . LOADING) +
exceptionOfNbrStateMachine . DOWN +
exceptionOfEXCHNG . EXSTART +
exceptionOfEXCHNG2 . INIT +
exceptionOfEXCHNG3 . EXCHNG

LOADING = loading_Done . FULL +
recv(LS_update) . h . (i. FULL +j .
send(LS_req_pkt) . LOADING ) + k.
send(LS_req_pkt) . LOADING +
exceptionOfNbrStateMachine . DOWN +
exceptionOfEXSTART1 . EXSTART +
exceptionOfEXSTART2 . INIT +
exceptionOfLOADING . LOADING

FULL = (local_rtr_state_change + LSA_Reflesh +
Receive_Self_t SA) . ORIGINATE_LSA +
recv_L.S_update . RECV_N_FLOOD_LSA + | .
flood_out_interfaces . FULL + m .
updating_route_table . FULL +
exceptionOfNbrStateMachine . DOWN +
exceptionOfEXCHNG1 . EXSTART + n .
removing_adjacency . INIT + recv(hello_pkt) . o
. INIT + exceptionOfFULL . FULL

ORIGINATE_LSA =
interface_type_specific_LSA_orginate. j . (k.
FULL + 1. (m . FULL + n. ADD_DATABASE))

ADD_DATABASE = o. flood_out_interfaces .
SCHEDULING_ROUTE_CALC

RECV_N_FLOOD_LSA = p . discard_LSA . FULL +
LSA_valid . (g . send_dirt_ack . FULL + .

schd_delayed_ACK . (s . EXTER_ROUTING +t .
(ADD_DATABASE + DEL_DATABASE)))

DELETE_DATABASE =t . remove_from_AVL _tree .
USCHEDULING_ROUTE_CALC

SCHEDULING_ROUTE_CALC =v .
remove_multicast_cache_entries_with_matching
_source . ORG_SUMMARY_LSA + w .
orginate_group_membership_LSA .
ORG_SUMMARY_LSA + x .
(intra_AS_calc_already_sched . FULL+y . (z
sched_full_AS_route_calc.
ORG_SUMMARY_LSA + aa .
remove_multicast_cache_entries_with_matching
_source . ORG_SUMMARY_LSA + ab .
recalc_asbr_route_table_entry .
ORG_SUMMARY_LSA )}

ORG_SUMMARY_LSA = no_LSA_changed . FULL +
ac . reorgin_summary_L SA .
ORG_SUMMARY_LSA

EXTR_ROUTING = ad . orginate_AS_external_LSA .
FULL + ae . install_rt_entry_as_RT_EXT . FULL )
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DOWN = a . send(hello_pkt) . reset_timer .
ATTEMPT + recv(hello_pkt) . reset_timers . (b .
INIT + ¢ . DOWN) + d . DOWN

ATTEMPT = recv(hello_pkt) . reset_timers . (b . INIT
+ ¢ . DOWN) + f . DOWN

INIT =g . EXSTART + h . 2WAY +i . INIT + ] .
DOWN + recv(hello_pkt) . reset_timers . k .

INIT

2WAY =1 . INIT + m. EXSTART + n . DOWN +
recv{hello_pkt) . reset_timer . (o .2WAY +p .
INIT)

EXSTART = g. EXCHNG + 1. DOWN +s.
EXSTART + t . INIT

EXCHNG = send(data_description_pkt) . EXCHNG
+ no_receive_DD_in_ack .
retransmission_last_DD . EXCHNG +
receive_DD_in_ack . u . (v .FULL + w .
send(LS_req_pkt) . LOADING) + x . DOWN +
(recv(database_description_pkt) . y +
recv(LS_req_pkt) . z + recv(Hello_pkt) . aa) .bb
. EXSTART + cc . INIT + recv(hello_pkt) .
reset_timer . (dd . EXCHNG + ee . INIT)

LOADING = ff . FULL + recv(LS_update) . gg. FULL
+ hh . send(LS_req_pkt) . LOADING + ii .
send{LS_req_pkt) . LOADING + jj . DOWN + kk
. EXSTART + recv(hello_pkt) . reset_timer .
LOADING + Il . INIT + recv(hello_pkt) . mm
LOADING

FULL = nn . ORIGINATE_LSA + recv_LS_update .
RECV_N_FLOOD_LSA + retrans_timer_expire .
build_retrans_update . flood_out_interfaces .
FULL + 0o . FULL + pp . DOWN +
(recv(database_description_pkt) . pp +
recv(LS_req_pkt) . qa + recv{Hello_pkt) . rr) .
ss . EXSTART + tt . INIT + recv(hello_pkt) .
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reset_timer . {uu . FULL + vv . INIT)

ORIGINATE_LSA =
interface_type_specific_LSA_orginate. ww .
FULL + xx . flush_LSA_instead . FULL+ yy .
ADD_DATABASE

ADD_DATABASE = ({zz .orignatelLSA ) +
receiveL.SA ) . aaa . flood_out_interfaces .
SCHEDULING_ROUTE_CALC

RECV_N_FLOOD_LSA = bbb . FULL + LSA_valid .
(ccc . send(dirt_ack_pkt) . FULL + ddd .
EXTER_ROUTING + eee . (ADD_DATABASE +
DEL_DATABASE))

DELETE_DATABASE = fff.
SCHEDULING_ROUTE_CALC

SCHEDULING_ROUTE_CALC = ggg .
ORG_SUMMARY_LSA + hhh .
originate_group_membership_LSA .
ORG_SUMMARY_LSA + iii . FULL+ jjj .
ORG_SUMMARY_LSA

ORG_SUMMARY_LSA = kkk . FULL + III .
reorgin_summary_t SA . ORG_SUMMARY_LSA

EXTR_ROUTING = mmm .
orginate_AS_external_LSA . FULL + nnn . FULL
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