pfwd12 project architecture

The 6 Microengine tasks

Microengine 1:

Thread 1 – rec_scheduler   - It is responsible for the scheduling of the Receive threads. 

Thread 2  - sv_message  - It receives and acknowledges messages from core
Microengine 2,3,4:

Threads 1,2,3,4  - Receive threads  - Fetch the data from the RFIFO and make a forward decision.

(There are 12 receive threads).

Microengine 5: 

Thread 1 - tx_scheduler   - Responsible for scheduling the tx_threads.

Thread 2 – tx_arbiter  - Communicate with the receive threads for packets ready to be sent on a   

                                            specific port. 

Microengine 6:

Threads 1,2,3,4 – transmit thread - Puts the packets on the TFIFO

Receive Flow

General flow and components participant:

· Rx scheduler thread

· Receive thread

· Receive state machine

[image: image1.png]Acrobat Reader - [IXP1200 HRM.pdf] SEIES
T Fle Edi Document View Window Help 18] x|

NE®a|E R T e DE0 S #8808
Execution loop Execution loop Execution loop Executiorﬂ

Recei\
Threa

Rx Scheduler
Thread

<288 ns

Must be serviced
every 257 ns

Must be serviced
every 288 ns

Each element must
be serviced every 4.6 us
(288 ns x 16)

FBI Unit
— —

]

I

Receive
State Machine,

X Bus Pins

19 cyc (288 ns @ 66 MHz), 17 cyc (ZS—I

[Rx (64 bytes)] [Tx (64 bytes) Recei
2| 8eye 1| 8cyc 1|

64-Bit Bidirectional Mode 32-Bit Un

[ o0 || |4 e erzze ||| [EEiosem EL ] LT
gstart| | & @ I A B || 5)Exploing - nplat] B)..pfwd12 project §92 o2 - P1...| ] Untited - Nate.

|EEEET 2l





Memory Usage:

The receive scheduler thread prepares a “free list” of 100 elements. (The free list structure is actually a HW stack). Each element is an address of an 8-byte region in the SRAM, this address also represent a 2KB memory region in the SDRAM (by some offset calculation we can get it from the SDRAM address).

The 8-byte memory in the SRAM is used to store the packet descriptors memory. The 2KB memory in the SDRAM is used to store the packet data itself.

When ever a receive thread begin to process a new packet, it will pop a new memory offset for the packet data & descriptors from the free list. This area of memory will be used to store the packet until it’s transmitted.

After the transmit threads send the packet, it will push back the SRAM memory address to the free list.
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Threads flow details

Receive Scheduler

Files 

rec_scheduler.uc

Registers usage  

REC_RDY – a bit set of the ready ports to handle 

REC_RDY_CNT – contain an eight bits (rolled) counter of the number of autopush that actually made.

Thread_done_reg0 – a bit set of the ready receive threads.  

Design remarks

The current implementation of the receive flow assign each port number to the same element RFIFO number and to the same receive thread id. This approach simplifies the handling of packet elements ordering and of thread synchronization.

Flow 

Initialization tasks:

1. Setup a REC_RDY_CTL register to indicates that the fbi will auto_push ready bits to this specific thread.

The ready bits are two registers REC_RDY & REC_RDY_CNT indicates for ready ports to handle.

2. Create a free list memory offsets, using HW stack 0. Each memory offsets indicates two different memory areas: 

a. 8B for packet descriptors storage in the SRAM.

b. 2KB for packet memory storage in the SDRAM.

This memory is popped by the rx_threads and pushed back by the tx_thread (when we done with the packet).

3. Set auto push rate to 40 IXBUS cycle (see HW reference manual – The RXAutoPush mechanism).

4.  Initialize all receive thread to DONE on thread_done_reg0 register  (i.e. all the threads are ready to work).

The main loop:

5. Read from thred_done_reg0 register the threads that ready to process (into thread_done_capture local variable).

6.  Clear the thred_done_reg0 register.

7. Add to thread_done_capture the threads that have not been assigned in the last iteration (thread_done_capture & thread_done_skips => thread_done_copy).

Now thread_done_copy carry the real bit field of threads that ready to process.

8. Check the REC_RDY_CNT register to see if auto push operation has been done already (wait if not).

9. Get ready port information (REC_RDY register) from autopush operation.

10. Remove last assigned ports from the rec_rdy information (to check!!!)

(rec_rdy  &  ~ prev_port_mask   => rec_rdy_true)

Now rec_rdy_true contains the real ports that ready to be handle.

11. Go over the ready thread, in thread_done_copy) and try to find a match with a ready port , in rec_rdy_true, i.e. port no. = thread no.

a.  If no match

i. Update thread_done_skip with the current thread id to be added in the next loop iteration (retry). 

b. If match

i. Construct a RCV_REQ message and set the following params (they are all equal to the thread number.)

1. Port number

2. Receive Thread number  

3. FIFO element number 

ii. Wait for a place in the 2 entries RCV_REQ fifo 

iii. Put the RCV_REQ on the RCV_REQ fifo

Remark:  This operation actually transfers the RCV_REQ to the Receive State Machine. The receive state machine will:

a. Fill the appropriate RFIFO element with the data from the fbus.

b. Generate a RCV_CTL message and sent it to the appropriate Receive thread.

iv. Remove the current port from prev_port_mask, to be count as not ready.   

Receive Threads

Files 

rec_nextpac.uc

rec_ipverify.uc

rec_lmatch.uc

rec_enqueue.uc

Registers usage  

Thread_done_reg0 – a bit set of the ready receive threads.  

RCV_RDY_LO - Receive FIFO Ready flags for ports 0 to 31.

CTX_1-3_SIG_EVENTS – signals events per thread in a single micro-engine.

Local registers

rec_state – contains information regarding receive state of the current packet. 

buf_handle – address offset  to a the packet descriptor memory area in the SRAM (8B) 

packet_buf_addr – pointer to packet free memory in the SDRAM (2KB).

Flow

At the beginning of the flow, we expect to handle a new packet (SOP).

File rec_nextpac.uc

1. Pop a new descriptor address from the packet free list. 

2. Wait for the START_RECEIVE bit to be set on CTX_i_SIG_EVENTS register (indicates we can start receive a new FIFO element, and the RCV_CTL can be read).
3. Read RCV_CTL message from the FBI which contains (relevant fields):
a. Error indication about the RFIFO receive operation 
b. Valid Bytes- Specifies the number of valid bytes in the receive FIFO element
c. SOP- indicates if the current FIFO element is a start of packet 
d. EOP- indicates if the current FIFO element is a end of packet 
4. Check for errors – drop and clean if error occurred  (do not discuss here).

5. Must be SOP at this point.

6. Reset the rec_state local register and update the following information in it:

a. In Port number

b. SOP

c. EOP

d. Valid bytes (number of bytes valid in the FIFO element).

7. As the packet header that we need to process (Ethernet & IP) located in the first 32 bytes (4 quadwords), we will read this area to the SRAM registers (performance reasons). The rest of the packet data will be read from the RFIFO directly to the packet memory in the SDRAM. 

8. Read the first 2 quadwords (16 byte) of packet from the receive fifo into 4 SRAM transfer registers ($xfer0-3).

9. By the new descriptor address (we got from the packet free list, see 1) – calculate the packet’s free memory: 

a. Buf_handle - Descriptor memory offset in the SRAM (8B) , kept in the high 16 bits of  buf_handle (the low 16 bit set to 0).

b. Packet_buf_addr -Packet memory in the SDRAM (2KB).

10.  Make sure that the layer 2 protocol is Ethernet (by the ether type/length field).

11. If the network layer is not IP – the go to Bridge flow (do not discuss here).

File rec_ipverify.uc

12. At this moment the 4 SRAM registers (we red at 8) $xsfer0-3 contains the followings data:

a. xfer0 


MAC DA<31:0>
b. xfer1


MAC  DA<48:32> and SA<15:0> 
c. xfer2


MAC  SA<31:0>  
d. xfer3


MAC length and IP version, IHL, TOS
13. Read the last 4 quadwords (32 byte) from the RFIFO to the packet memory in the SDRAM (the memory offset, Packet_buf_addr, was calculated in 9.b).

14. Read the second 2 quadwords (16 byte) to registers $xfer4-7.

15. Keep the DA in a local register (to free SRAM registers $xfer0,1).

16. Read quadword no 5 to $xfer0-1

17. On the data in $xfer0-7 :

a. Verify:

i. IP total length is at least 20 bytes.

ii. TTL is greater than 1.  
iii. Checksum.

b. Decrement TTL

c. Increment checksum

File rec_lmatch.uc

d. Make route lookup (will be explained later)

i. Get MAC Destination Address

ii. Get output port

18. Built the first 4 quadwords (32 byte) of the packet in to Packet_buf_addr in the SDRAM (a continues of section 14) by:

a. Copy the MAC Destination Address from the route lookup information.

b. Copy the MAC Source Address from a local register (see 15).

c. Copy the rest of the data from $xfer2-7

19. Notify THREAD_DONE to rec_scheduler thread.  

File rec_enqueue.uc

20. If we are already at EOP go to section 29

21. Wait & Get next RCV_CTL by making steps 2,3,4.

22. Check: if SOP then error occurs – make cleanup (do not discuss here).

23. Reset SOP, EOP and byte count in rec_state from the RCV_CTL register.

24. Update packet_buf_addr offset to point to the end of the packets data copied till now (see 9).

25. Increment packet elements count kept in the low 16 bit of the buf_handle variable.(until the end of the receive process this memory will contain the number of FIFO element we red for this packet till now  (see 9.a).

26. Move all data from TFIFO to packet_buf_addr in the SDRAM

27. Notify THREAD_DONE to rec_scheduler thread.  

28. If not EOP go back to step 21.

29. We are at EOP – (rec_enqueue code label)

Now we want to pass the packet with its descriptors (packet information) to the tx_scheduler thread to start processing it.

We will transfer this packet information using queues.

We have 8 queues per port to enable priority scheduling.  (At this implementation, we will use only one queue per port).

The queues structure is a queue_descriptor of the following format:   



word 0

<31:16>

head packet link pointer



word 0

<15:0>

tail packet link pointer



word 1



packet count
The queue descriptors start address is SRAM_QUEUE_DESCRIPTOR_BASE, it points to the memory area of the port’s queues. By knowing the port number and the priority of the packet we can find the offset of the requested queue (see diagram below). 

The queue elements are actually the packet descriptors elements. The memory of the current packet descriptors can be calculated from the buf_handle variable. The queue element (the packet descriptor memory) is mentioned below with the names link0 & link1.

packet_link0 – point to the next element in the queue.

packet_link1 – contains packet information.
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The important (and relevant) fields in packet_link1 to set are:

ELE count – number of FIFO elements (8 quadwords) the packet contains (kept in buf_handle memory ( see 25).

BYTE cont – number of bytes in the last FIFO element (kept in the rec_state variable).

FRLIST – the free list to return the packet and the descriptor memory to after transmit completed (at this implementation there is only one free list, number 0 (see initialization process in the receive scheduler)). 

INPORT – in port number (kept in rec_state variable).

QSEL – as there can possibly be 8 queues per port we can set it here, (at this implementation we use only one queue per port, queue 0).

Remark: As you can see, a pointer to the packet data (in the SDRAM) is not stored in the descriptor (link1). However, this pointer can be calculated from the address of link0.  (= &link0)

After setting the above information in packet_link1, insert the packet descriptor to the port queue by:

1. read the queue_descriptor and lock the queue linked list
2. get the current tail
3. write new queue tail (packet_link0 address)

4. if queue was empty before, set packet queued bit  for the output port (on the XMIT_PWP_VECTOR memory area in the scratch memory), to indicates packets are waiting to transmit on this output port.

5. write the new queue_descriptor and unlock the linked list
Now we can go back to the beginning of the receive thread flow.

Transmit Flow

From a Microengine perspective, the Transmit FIFO (TFIFO) is implemented as a memory array that can be written on quadword boundaries. From the Transmit State Machine perspective, the elements are implemented as a circular buffer of 16 elements.
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TFIFO fields:

1. The Transmit Data field is a 64-byte TFIFO that holds the Transmit data.

2. The Control field is 8 bytes and instructs the Transmit State Machine on how to transmit the data.

3. The prepend field – not used in this implementation .

4. The Valid flag indicates to the Transmit State Machine that the Data, Prepend, and Control fields are valid and the element can be transmitted over the IX Bus.

Data is written to the TFIFO on quadword boundaries. A Microengine can write to the TFIFO elements in any order, however, the Transmit State Machine always services the elements contiguously. If the Transmit State Machine does not detect a Valid flag set for an element, it stops transmitting until the Valid flag for that element is set.

Threads flow details

Transmit Scheduler

Files 

tx_scheduler.uc

Registers / Local variables  

Ports information:

ports_with_new_packets – local variable in the receive scheduler threads, updates by transmit arbiter 

                                            thread.

tx_rdy_copy – (mapped to XMIT_RDY_HI,XMIT_RDY_LOW hw registers) a register, which 

                         contains the ports that ready to transmit. – Updated by TxAutoPush

                         operation.

ports_in_tfifo –  a local variable, ports that were binds to TFIFO elements. – Handled by the 

                           tx_schadualer thread.

TFIFO information:

tfifo_outptr – (mapped to XMIT_PTR hw register) a register that contains the pointer of the current 

                       TFIFO  element. Handled by the Transmit State Machine, update by the auto push.

ele_inptr – the next element that ready to be bind to a port by the scheduler thread

ele_outptr – the next element that need to be freed by the scheduler thread

Data Structures

Binding structure:

Two DWORDs local variables:  bindings_7_0, bindings_15_8
Contains 16 entries of 4 bit each, encoding: entry == TFIFO element, value in entry (4 bit) == port.

Command Queue (contains Assignments structures. Assigned by the transmit scheduler, processed by the transmit thread):

16 entries circular queue of Assignments data, keeps in the scratchpad.

msg_id – 

local per Microengine, pointer to an assign element in the queue: different usage from the scheduler thread and the transmit thread perspective:

Transmit scheduler’s Microengine- pointer to the next empty entry. 

Transmit thread’s Microengine- pointer to first entry to process, shared by all the transmit threads. 

Assignment Command structure (to the transmit threads):

+------+---------+----------+---------------+

|valid    | unused  |  Element |    queue     |

| 31       |  30:12   |   11:8       |     7:0        |

+------+---------+----------+---------------+



valid

-
1 indicates : assign is valid



Element

-
identifies the TFIFO element to work on



Queue

-
identifies the queue, lower 4 bits indicates one of the 16

                                                                        port’s queues (at this implementation we use only one

                                                                        queue per port - queue 0 – see end of receive thread

                                                                        description).

                                                                        Upper 4 bits indicates the out port number. 

Communication between the Transmit threads (tx_fill) and the tx_scheduler


The communication between the tx_scheduler and the tx_fill is done using shared memory (scratch pad) with a command queue mechanism. The queue contains 16 entries, the tx_scheduler maintain pointer (msg_id) that points to the next entry to enqueue to. On the other hand, the tx_fill also maintains a pointer (msg_id, same name but different variable, and in different micro engine, shared between the transmit threads only) that points to the next assignment to dequeue. 

1) The tx_scheduler prepare assignments as described above, and insert the assignments into the queue.

2) The transmit threads dequeue assignments, only if they are valid.

3) The transmit scheduler assure that there is only one assignment to a specific port in the queue at a time.

4) This leads that no more then 12 queue’s elements can be in the queue at a time.

5) The four tx_fill threads process the assignments synchrony. (The last assignment took by a thread can be the first one to be released). 

6) Therefore, by points 5 and 6 we can determine that 16 elements (12 for different assignments + 4 for thread synchronic operation) are enough for us to prevent synchronization problems. 

Initialization:

1. Initialize all the local variable to 0.

Flow:

1) Calculate ports_ready_to_process local variable: ports that ready and that’s have packets to be transmitted on :

 (~ports_in_tfifo & tx_rdy_copy ) & ports_with_new_packets

2) Get the first ready ports to process from ports_ready_to_process bit mask.

3) If there is no such one:

a. Wait for auto push to be finished.

b. Try to free (unbind) one TFIFO element I.e. an element between ele_outptr and tfifo_outptr (element that was filled and transmitted by the HW- transmit state machine): 

i. Check if ele_outptr != tfifo_outptr.

ii. If yes: Free element:

1. Clear binding port bit in ports_in_tfifo.

2. Increment ele_outptr.

c. Return to main loop.

4) Else :

5)  try to free TFIFO element  as above (3.b).

6) Bind TFIFO element:

a. The current TFIFO element to work on is the element that the ele_inptr pointer pointing to.

b. Set the valid bit in the new temporary assignment.

c. Save the TFIFO element number in the new assignment mailbox 

d. Set the port in the TFIFO element entry of the binding data structure (bindings_7_0, bindings_15_8).

e. Set the bit of the current port in the ports_in_tfifo register. 

f. Set qselect in the assignment – at this implementation its constant 0. (at advanced ones it should be updated by the tx_arb) – lower 4 bits of the queue entry in the assignment.

g. Increment ele_inptr.

7) Set the port number in the assignment – upper 4 bits in the queue entry in the assignment.

8) Write the new temporary assignment into the command queue (the queue in the scratch pad where the tx_fill read the command from)

9) Increments msg_id (command Q pointer). 

10) Go back to 1).
Transmit Arbiter

Files :

tx_scheduler.uc   (label tx_arb)

Flow:


The main responsibility of this thread is to choose the current queue from which the transmit scheduler should transmit (prepare the assignment for it) the next packet on the ready port(s).  The current queue is chosen using priority scheduling. 

Another responsibility is to determine which ports are ready to transmit; this is done by coping the XMIT_PWP_VECTOR HW register to ports_with_new_packets global variable (shared with the tx_scheduler).  

Note:  The current implementation does not support priorities and always choose queue 0 as the next queue.

Transmit Thread

Files: 

tx_fill.uc  

Global:

 

ports_in_progress  =  16 global variables that saves the port information:

                                   port_info             
31:26 status_byte  - 

number of byes in the last  FIFO element



23:19 elements remaining

number FIFO elements in packet.



18:16 freelist





the freelist to return the packet memory to. 



15:0   buf_offset 


the memory offset to read from the data to the next FIFO element.

msg_id = Where to get the assignment from (pointer to the current entry in the Commands Queue).

Flow:

1) Get msg_id to a local variable and increment the global msg_id.

2) Read assignment from the Command Queue in the local msg_id index.

3) Check if the assignment is valid (valid bit is set) and clear the valid bit.

4) If not valid go to 2)

5) Else 

6) Read the element (TFIFO entry index that need to be served) from the assignment

7) Read the queue and the port (bit 0-7) from the assignment

8) Restore the port_info structure (from the suitable global variable in ports_in_progress).

9) Using the information in the port_info do:

10) Case 1:  SOP – Element remaining == 0 (not have been set yet)

a. Read the queue descriptor and lock it.

b. Read the current packet descriptor - link0 pointer to next, link1 contains packet information (see end of receive thread description).

c. Using the information in link1 descriptor update the fields in port_info:

i. Set elem_remaining

ii. Set free_list number

iii. Set buf_offset (from link0 address). 

iv. Set status_byte with byte count.

d. If the remaining elements is 1 then it is EOP 

i. Send the last data (*) - use the status_byte to calculate how many bytes to send in the last block.

ii. remove descriptor from queue

iii. unlock queue 

iv. Free the packet (sdram) and descriptor memory (sram). I.e.- return the blocks offset to the free list.

v. Zero the port info memory.

e. Else 

i. unlock the queue 

ii. send the block (*)

iii. decrement the element remaining saved in the port info data.

11) Case 2:  NOT SOP, Element remaining > 0 (data have been set before.)

a. Calculate buffer offset

b. Add 1 to buffer offset.

c. If elements remaining == 1 (EOP)

i. Send the last data (*) - use the status_byte to calculate how many bytes to send in the last block.

ii. Read the queue descriptor (lock the queue)

iii. Read packet offset from link0 (to be freed later) 

iv. Delete the descriptor from the queue and unlock it.

v. Free the packet (sdram) and descriptor memory (sram). I.e.- return the blocks offset to the free list.

vi. Zero the port info memory

d. Else it is not EOP

i. Send the data (*)

ii. Decrement the element remaining saved in the port info data.

12) Do 1,2,3,4 – while doing it check the following :

a. Check if send data (*) have been completed, if it dose write previous port number to the previous TFIFO element Control, and set the previous TFIFO valid bit.

13) Go to 5

(*) Sending the data:

a. Write number of quadword to be transfer to the TFIFO element in the TFIFO control area.

b. Write the data to the right TFIFO element.
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