)

system slacp_protocol

SIGNAL N\
Open_Channel_Request,Open_Channel_Confirm,0Open_Channel_Falil,
Open_Request(t_Open_Request_paramframe),Open_Confirm(t_Open_Confirm_paramframe),
Close_Channel_Request,Close_Channel_Confirm,Close_Channel_Fall,
FIN(t_FINframe),FINACK(t_FINACKframe),

Send_Packet_Request, Send_Packet_Confirm,
Flow_Continue,Packet_Loss_Notification,Nothing_to_send(t_nothingtosendframe),
Packet_Receive,DataFrame(t_slacp_frame),FEC_Data(t_FEC_Dataframe),ACK(t_ACKframe),
FEC_ACK(t_FEC_ACKframe),Sender_FEC_Redundancy(t_FEC_Redundancyframe),
Receiver_FEC_Redundancy(t_FEC_Redundancyframe),BufferAvailable,
BufferAvail,No_MacBuf,No_MBuf,Send_Packet_Dropped,Send_Packet_Quench,
RXMTPKT_LOSS(integer), Channel_Closing, Channel_Closed;

[* data packet */
B syntype indexsort = integer
constants 0:6
endsyntype;
newtype data_pkt array (indexsort,integer)
endnewtype;

/* slacp frame*/

newtype t_slacp_frame struct
frame_type integer;
frame_seq_no integer ;
frame_length integer;

ip_pkt data_pkt;

1(3)

endnewtype t_slacp_frame; /* Queue of slacp frames */

endnewtype;

newtype t_slacp_queue array(integer,t_slacp_

frame)

newtype t_FEC_Dataframe struct
frame_type integer;
FEC_block_no integer;
FEC_seq_no integer;

Data t_slacp_frame;

endnewtype;

newtype t_nothingtosendframe struct
frame_type integer;

frame_seq_no integer;

endnewtype;

newtype t_FEC_Redundancyframe structh
frame_type integer;

FEC_rframe_count integer;
Sender_Redundancy boolean;
FEC_block_no integer;

FEC_seq_no integer;

redundant_data t_slacp_frame;
endnewtype;




)

system slacp_protocol

2(3)

newtype t_sack_block struct

hole boolean;

seq_no integer;

endnewtype;

newtype t_sacks array(integer,t_sack_block);
endnewtype;

newtype t_fsack_block struct

hole boolean;

seq_no integer;

endnewtype;

newtype t_fsacks array(integer,t_fsack_block);
endnewtype;

newtype t_ACKframe struct[\
frametype integer;
Cum_seq_no integer;
holes_exist boolean;

sacks t_sacks;

endnewtype;

newtype t FEC_ACKframe structh
frametype integer;

fec_block_no integer;

fec_seq_no integer;

holes_exist boolean;

fsacks t_fsacks;

endnewtype;

newtype t_Open_Request_paramframe struct
seq_no integer;

parameter integer;

endnewtype;

newtype t_FINframe struct
seq_no integer;

ACKset boolean;
endnewtype;

newtype t_Open_Confirm_paramframe struct
seq_no integer;

parameter integer;

endnewtype;

newtype t_FINACKframe struct
seq_no integer;
endnewtype;




)

C2

system slacp_protocol

3(3)

Packet_generator

! Open_Channel_Request,
Close_Channel_Request

72

C17 Cl

C18

/]

[Send_Packet_Re

_Open_ChanneI_Confirm,

Close_Channel_Confirm,
Open_Channel_Fail,
Close_Channel_Fail

quest]

ISend_Packet_Confirm,
ISend_Packet_Dropped,
ISend_Packet_Quench

C3

Z

Flow_Continue,
Packet_Loss_Notification

—_

slacp_sender

Ci4

Z

Packet_Receive
Channel_Closing,
Channel_Closed

slacp_receiver

7
C20 C6 /\{Buﬁerﬁvailable]
C19 foren koel 5
Open_{onfifrmy Cc8
Open_Request, FINACK
FIN L [Re eiver_FEC_Req( undancy]
C4
|[FEC Data, C
N DataFrame Sender_FEC_Redundancy,
Nothing_ to EendY|RXMTPKT LOS3 Nac Fec ac %_ MacBuf]
Mac_Layer
34 ACK,FEC_ACK
c21 Cc22 I _ACK]
Open_Request, Oper]_Corfirm, C15
FIN \ FINACK C12C13
BlfferAvai
C10 11 [ ] No_MBuf]
DptaFrpme, FEC_Data, [Receiver_FE _Rpdundanty,
Npthing_to_Send Sender_FEC‘“Redunfiancy, 16
LRXMTPKT_LO< S .
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block slacp_sender 1(2)

SIGNAL
S_Open_Request(t_Open_Request_paramframe),
SC_Open_Confirm(t_Open_Confirm_paramframe),
S_FEC_Data(t_slacp_frame),

SC_ACK(t_ACKframe),
SC_RXMTPKT_LOSS(t_slacp_frame),BufAvail,NoBuf,
S_FIN(t_FINframe),SC_FINACK(t_FINACKframe);




folock slacp_sender

C1

[Send_Packet_Request]

co R2

_Send_Packet_Confirm,
Send_Packet_Dropped, R3

C3 Send Packet Quench

J

-Flow_Continue,
Packet_Loss_Notificatio 4

C4
DataFrame,
Nothing_to_send R14
C11 fOpen_Channel Request, |
Close_Channel_Request
R1
C18
Open_Channel_Confirm,
Close_Channel_Confirm,
Open_Channel_Fail,
Close_Channel_Fail
R5
C5 k
FEC_Data,
Sender_FEC_Redundancy,
RXMTPKT_LOSS R6
C6 [ eceiver_FEC_Redundan
R7
Cc7
IACK,
FEC_ACK R18
Cl%k
Open_RequesR-‘j_g \
FIN
Cc2

2(2)

R10

slacpsender(1,1)

BufferAvaiIabIe]

R11

[S_Open_Reque st?S

- 1
R1 SC_Ogen_Confir

SC_FINACK
- [S_FEC_D \(a

$C_ACK,
C_RXMTPKT_LPSS

R12 |R13
R9 BquvaiI] [NOBUf]

R16

S_FIN

Open_Conflrm,_
FINACK

sendercontrol(1,1)

25

No_MacBuf]

C8

C9



C4

C5

C6

C7

C8

C9

C1

C1

C1

C2

block Mac_Layer

—J

R1
[DataFrame,Nothing_to_sen(
R2
FEC_Data,Sender_FEC_Redundancy,
RXMTPKT_LOSS
R3
Receiver_FEC_Redundancy]
R4
ACK,FEC_ACK] R5
BufferAvaiIabIe] R6
No_MacBuf]
R11
BufferAvaiI] R12
No_MBuf]
R13
[Open_request,FI N]
R14

Open_Confirm,FINACK]

Mac_Process(1,1)

1(1)

R7
C10
[DataFrame,Nothing_to_send]
R8
Cil1
{FEC_Data,Sender_FEC_Redundancy,}
RXMTPKT_LOSS
R9
Ci12
Receiver_FEC_Redundancy]
R10
C13
ACK,FEC_ACK]
R15
C21

[Open_Request, Fl N]

R16
C22
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Open_Confirm,FINACK]




34
process Mac_Process

1
L

17

/* Mac_queue variables */
dcl Mac_Buft_Mac_queue;
dcl Mac_queue_front integer:=0;
dcl Mac_queue_tail integer :=0;

Synonym Max_MacBuf integer=70;

dcl slacp_frame t_slacp_frame;
dcl MacBuf_Len integer:=0;
dcl Frame_Len integer :=10;
dcl Mac_counter integer:=0;
dcl delay duration :=1;

dcl NoBuf_on boolean:=false;
dcl Bufavail_on boolean:=true;

Synonym MacLowWaterMark integer=40;
Synonym Max_Macqueue_size integer=10;

A

newtype t_Macframe choice B
at_slacp_frame;
b t_ACKframe;
ct FEC Dataframe;
dt_FEC_Redundancyframe;
e t_FEC_ACKframe;
f t_nothingtosendframe;
g t_Open_Request_paramframe;
h t_Open_Confirm_paramframe;
i t_ FINframe;
j t_FINACKframe;
k integer;
endnewtype;

/* Queue of Mac frames */

endnewtype;

newtype t_Mac_queue array(integer,t_Macframe)

dcl ACKframe t_ACKframe;

dcl FEC_ACKframe t_FEC_ACKframe;

dcl FEC_Rframe t FEC_Redundancyframe;
dcl FEC_Dataframe t_FEC_Dataframe;

dcl Macframe t_Macframe;

dcl ntframe t_nothingtosendframe;

dcl FINframe t_FINframe;

dcl FINACKframe t_FINACKframe;

dcl seq_no integer;

Timer Link_Timer ;

dcl Open_Requestframe t_Open_Request_paramframe;
dcl Open_Confirmframe t_Open_Confirm_paramframe;

1(5)




3
6rocess Mac_Process 2(5)

set(now+delay,Link_Timer)

‘ connected ’

FEC_Data(FEC_Dataframe) ACK(ACK#ame)

FEC_ACK(EC_ACHKframe

Sender_F<_Redundar cy(FEC_Rframe)

Macframe!c:=FEC_Ddtaframe Link_Tim
Macframele:=FEC_ACKframe

Macframelb:=ACKffame

DataFrame{slacp_fr meld:=FEC_Rframe;

(D
(D

acframela:=slacp_|frame

Open_Retést(Open_Requestframe) FIN(FINfraé) Nothing_t(éend(ntf ame)

\—‘ Open_Cov@n(Open_Confi mframe) Receiver_BEC_Redundancy(FEC_Rframe)
RXMTPKK LOSS(seq_no)
cframelg:=Open_Req uestframe\_‘ Madframe!i:=FINframeg
Macfrgme!d:=FEC_Rframe;
Magframe!f:=ntframe;

Macframelh:=Open_Confirmframe

FINACK(RNACKfra

pcframelk:=seqno;

L T

fram

Mac

=

ame!j:=FINACKframe
L




34
process Mac_Process

3(5)

Mac_Buf(mac_que

ue_tail):=Macframe

Mac_queue_tail:=

Mac_queue_tail+]

Mac_queue_tail:=0

true /\
Mac_queue_tail=Max_Macqueue_:

false

MacBuf_Len:=

MacBuf_Len+1

NoBuf_on=false

false

false

true

N
( connected ) B

connected
oBuf_on:=trug;

fAvail_on:=falge;

L

‘ connected '

} MacBuf_Len*10+Frame_Len<=Max_MacBuf-

true




34
process Mac_Process

4(5)

Mac_queue_front=Mac_queue_tail

[

set(now+delay,Link_Timer)

[*simulating lost frame */

MacBuf_Len:=MacBuf_Len-1:

ac_queue_front:=(Mac_queue_front+1) mod Max_|[Macqueue_size

set(now+delay,Link_Timer)

L

‘ connected '

Macframe:=Mac_Buf(Mac_queue_front);
Mac_gueue_front:=(Mac_queue_front+1) mod Max_Macqueud_size;
MacBuf_Len:=MacBuf_Len-1;

Mac_counter:=(Mac_counter+1) mod 10;

i j a g b c

Mactramelpre

I

slacpframe:=Macfram¢!a FEC_D*;taframe::Mac

ACKframe:=Macfrgme!b

FEC_Rframe:=Macf

Open_Rez‘]uestframe::l\/ acframelg

FINAQKframe:=Macfragmelj
Open_Req
via C21

FINACK(FINRG
via C20

e

h FEC_ACKframe:=Magfranméfiame:=Macfrar
framelc

helf

E _Rfreame@%ﬂde
false ;

D_ataFram e{slacp| frame)
via C10 FEC_DatalkEC_pataframe
via C11
ACK(ACKfhme)
via C7
true
pdate
FINframe:=Magframeli a:ngi_FE
| pdate
FIN(FINfrgmg) l
via C21 Open_Copfirmframe:=Macframe'h

| Confirmframe)
1

seq

|_no:=Macframe!k

ame!d

Noth|ng_to send(ntframe)
via 410

Redundaricy(FEC_|Rframe)

Receiver_
via C6

C_[Redundancy(FEC_Rfr

FEC_ACK(KEC_ACKframe)
via C7

$S(seq_no)




34
process Mac_Process

false i

true

Mac_queue_front:=0

false

false

NoBuf_on:=falge

true

o]

BufferAvail
via C15

ufAvail_on:=tryie

set(now+delay,Link_Timer)

=

' connected '

} Mac_queue_front=Max_Macqueue_size -1

MacBuf_Len*10+Frame_Len<=Max_MacBuf-1

MacBuf_Len*10+Frame_Len<= MacLowWaterMark

5(5)




5 .
block slacp_receiver

SIGNAL
RC_Open_Request(t_Open_Request_paramframe),
R_Open_Confirm(t_Open_Confirm_paramframe),
R_FINACK(t_FINACKframe), RC_FIN(t_FINframe),
R_ACK(t_ACKframe),RXMT_Data(t_slacp_frame),
RC_RXMTPKT_LOSS(integer);

1(2)




C10
Cl4

C1

C1

C1

C2

C2

5 .
block slacp_receiver

R1

[DataFrame,Nothlng ) send]
RZ

Packet_Receive,
Channel_Closing,

Channel_Closed

RC_Open_Request,
R11

[RC_FIN

R3

FEC _Data,Sender_FEC_Redundar
RXMTPKT_LOSS

R4
Receiver_FEC_Redundancy]
R5
[ACK,
FEC_ACK R10
Open_Request,
FIN R12

_Open_Confirm,
FINACK

slacpreceiver(1,1)

R6

R13 [R_A(:K]

R_Open_Cdgnfirm,
R_FINACK

[RX

————

R

RC_RXMTPKT_LOSS]

R14
\/IT_Data]

cy,]
receivercontrol(1,1)

R8

2(2)

BufferAvaiI]

R9

No_MBuf]

59

C15

C16



C1

folock Packet_Generator

R1

C17

Send_Packet_request] R2

C1

_Open_ChanneI_Request,
Close_Channel_Request 3

Open_Channel_Confirm,
Close_Channel_Confirm,
Close_Channel_Fail,
Open_Channel_Fail

packet_gen(1,L)

73

1(1)
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process packet_gen

Timer Packet_Gen_Timer;

dcl delay duration:=1;

Timer Control_Timer;

dcl on_off duration :=2;

dcl gen_on boolean :=true;
Timer Channel_Close_Timer;
Timer Start_Timer;

dcl close_on integer :=0;

dcl close_channel_delay duration :=50;

1(4)




72
process packet_gen

—

set{now,Start_Tin|

ner)

<Open_Ch<

annel_Request

Wait_Open

Open_Chaptiel_Confirm

set(now+delay,Packet_Gen_Timer)
set(now+on_off,Control_Timer);
t(now+tlose_channel_delay.Channel_Close Timer);

' connected ’

Open_Chafinel_Fail

S\ A—

' Wait_Open ’

2(4)
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process packet_gen

‘ connected ’

false

Send_|

Channel_&lose_Timer

Control_Tidher

true

— N

' connected '

VAR

Pac@Reque{sWait_Close ’

set(now+delay,Packet_Gen_Timer)

[%]

close_on:=1;
reset(Packet_Gen_Timer);
false| reset(Control_Timer);

Close_Chanbel_Request

' Wait_Close ’

false
en_on=tru

true

reset(Packet_Gen_Timer);
et(now-+on_off,Control_Timer);
gen_on:=false:

set(now+delay,Packet_Gen_Timer)
set(now-+on_off,Control_Timer);

gen or|1:=true'

— N

‘ connected ’
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72
process packet_gen

Wait_Close

CIose_Chéel_Confirm CIose_Chﬁel_Fail

ESIENES
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