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1.1 IXP1200 – Micro Engines Description

· During the first phase of the lab we have studied the simulation mode of the transactor and especially focused on the microengines programming (i.e micro code). The following are the main reference papers we have found for the microcode programming and the processes of receiving, forwarding and transmitting packets: 

· The “IXP1200  Hardware reference Manual manual”  ch 4  

· The “SA1200 Reference design Illustrations”. 

We would like to describe the processes as we “emulated”  them. We will present and concentrate on the coding aspects of it:

1) The “Receive Packets” Scenario 

2) The “Forward Packets” Scenario 

3) The “Transmit Packets” Scenario

4) General Description of ‘task per thread’ assignment

5) General “Performances Issues” understandings

6) Threads and SA core communications 

1.1.1 “Receive Packets” Scenario

The Receive packet stage describe the prcess of receiving the packets from MAC’s ports, into RFIFO and then into the thread’s SRAM, SDRAM. It does not get into the structure that the packets are hold within the SRAM,SDRAM. The Receive packet scenraio consists from 4 different mechanisms or loops. Each such loop consists of  few steps as will be described later on. 

The following is the list of the four different “loops” or sub flows:

1) The fetch from the Ready bus – It gets the status of the data in the ports of the MACs. The ready bus sequencer iteratively get the flags from the MAC and informs the receive scheduler thread about the waiting data and in which port. It consists of step 1-4.

2) The receive Scheduler Thread – When a signal about an available data in a specified port and MAC arrives, the receive scheduler assigns the receive thread id and assigns an available RFIFO element checks if there is a place in REC_REQ FIFO and inserts into it a request. It consists of step 5-6.
3) The Receive State Machine - responsible for the actual move of the data from the MAC to the RFIFO. This HW mechanism fetches a request from the REC_REQ register, processes the request (immediately if it 32-bit unidirectional mode otherwise gets a grant for processing from the arbiter), access the IX bus to the specified port and MAC using the PORTCTL# and FPS signals. Reads 8 or 9 quad words of data to RFIFO (in case of EOP stops reading). Generates a signal to the assigned receive thread and writes in REC_CNTL register FIFO. It consists of steps 7-10.
4) The Receive Thread –Upon signal gets info from REC_CNTL register and performs the move from the RFIFO to SDRAM and the IP forwarding process. It consists of steps 11.

Each of the above loops can cause to limitations and time consideration. Each time deviation can affect other mechanisms. So the time considerations per each will be observed later on as well.
Figure 1 describes all the steps within each mechanism. The description of the numbered labels that are on the arrows can be found in the list below. 
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Figure:   1-1 The “Receive Packets” Chart 

1) The Ready Bus sequencer programmer reads the receiev ready Flags (via an explicit read command or via the RxAutopush operation) from the MAC devices

2) Flow Control --- 6.6.3.9 – Back Pressure indication for L2

3) It writes these flasg into the RCV_RDY_HI and RCV_RDY_LO registers. If the RxAutoPush mechanism is used, the values are pushed automatically to the SRAM of the receive scheduler thread.

4) It signals the receive scheduler thread about the data in the MAC Rx FIFO.

5) The receive scheduler thread ensures that previous receive request already done within the receive request queue and checks whether there is a place for another receive request (via the rec_req _avail reg.)
6) The receive scheduler thread  assignes the receive thread id to be working on this request and writes “a receive request” into the REC_REQ FIFO with the following parameters: receive thread id info, port,MAC and available RFIFO element.
7) The Receive State Machine fetches the request from the REC_REQ FIFO. It processes the request immediately if it the IX bus is in 32-bit unidirectional mode otherwise gets a grant for processing from the arbiter.

8) It moves the data to RFIFO. It access the IX bus to the specified port and MAC using the PORTCTL# and FPS signals. Reads 8 or 9 quad words (8 bytes or 64 bits each read), in case of EOP it stops reading.

9) The Receive State Machine writes control info into the REC_CNTRL FIFO. If the REC_CNTL FIFO is full, the receive state machine stops receiving any more receive requests.

10) It generates (via the FBI engine) a start signal to the receive thread (the id is taken from the request it fetched from the REC_REQ queue).

11) The Receive thread gets information from the rec_cntrl about the RFIFO element for this req. Reads the data into the SRAM/SDRAM

1.1.1.1 The RFIFO structure

The RFIFO is implemented as a memory array of 16 elements. Each of 8 quadwords for data (quadword = 4*16 bits, 64 bits or 8 bytes) and another 2 quadwords – 1 for another extended data field and one status field.  It is written from the IX bus by the receive state machine on quadword boundaries. 

It is read to the SRAM by using the r_fifo_rd command. It is read to the SDRAM by using the sdram command.

1.1.2  “Forward Packets” scenario and Intra micro engines memory structure

1.1.3 “Transmit Packets” Scenario

The Transmit packet stage describe the process of detecting which packets are aready in the SRAM, SDRAM and transmitting them from there to the TFIFO and from the TFIFOs to the MACs. It does not get into the structure that the packets are hold within the SRAM and SDRAM. 

The “Transmit packet” scenraio consists from few different mechanisms or loops. Each such loop consists of  few steps as will be described later on. 

The following is the list of the four different “loops” or sub flows:

1) The fetch from the Ready bus – It gets the status of the data in the ports of the MAC devices. The Ready bus sequencer iteratively gets the flags from the MAC and informs the transmit scheduler thread about the available port. The Ready Bus sequencer programmer reads the transmit ready Flags (via an explicit read command or via the TxAutopush operation) from the MAC devices. It writes these flags into the XMIT_RDY_HI and XMIT_RDY_LO registers. If the TxAutoPush mechanism is used, the values are pushed automatically to the SRAM of the transmit scheduler thread. The XMIT_PTR register that is used by the Transmit Scheduler Thread to access TFIFO also pushed by the TxAutoPush process.

2) The Transmit Scheduler Thread (Partially Implementation dependant) – 

· Gets the values of XMIT_RDY_HI and XMIT_RDY_LO via the TxAutopush mechanism or manually and Manages which MAC transmit ports can accept data. This mechanism relies on the TxAutoPush mechanism and hence Hardware dependent.

· Manages which TFIFO elements have been written with valid data (were used) and which elements (the Transmit State machine already transmitted) are available 

· It keeps track all the assigned TFIFO elements to be sent (ele_inptr) and  reads the XMIT_PTR register to find out to determine whether the element was sent. It clears all the locations between the ele_inptr and XMIT_PTR for further assignments.

· Manages which transmit threads to assign to issue the transmit request. There are few implemental way to assign the transmit thread to its job. 

· One possible way is through an inter-thread messaging where the transmit scheduler writes into a message into a mailbox and signal the transmit thread. The transmit thread read this message and performs the task.

· The other possible way is based on an approach where all the transmit task are assigned to the same microengine. The transmit scheduler handles a circular buffer and write messages into it with a validity bit. Each transmit thread on its time fetches the message and clears the bit.

· Assigns the transmit thread to transmit data to a specified port using a specified TFIFO element.
·  It updates TFIFO element status in the code. 
3) The Transmit Thread – 
· Per a packet to be transmitted it gets the number of  FIFO elements (64 bytes) the packets consists of (mpackets), TFIFO element id to be transmitted, the queue id that the packet is located in and the output port number.

· It calculates the packets location from the port, queue and the transmit descriptor queue base address. By knowing the SRAM descriptor it calculates the relative buffer address in the SDRAM.

· Writes the data to the data field of the next TFIFO element (using the t_fifo_write instruction or sdram). 
· Writes control information into control field. 
· By using the non-blocking sdram instruction, the transmit thread can prepare the packet assignment.
· It sets the valid flag for the element using the fast_wr command to the XMIT_VALIDATE register.
· Updates the TFIFO element status in the code.
· If the inserted frame had an EOP in it, the scheduler frees all packet location in the memory.
4) The Transmit State Machine - responsible for the actual move of the data from the TFIFO to the MAC. This HW mechanism treats the TFIFO elements as cyclic buffer of 16 elements. –
·  It enters the TFIFO element via the XMIT_PTR register and checks the valid bit of this element. 
· If it set, the Transmit State Machine reads the control bits.
· It transmits first the data in the prepend field (if enabled by the bit[16] of control field) and then the data field. 
· If the valid flag is cleared (not set) it waits until it is set. – It clears the valid data after the read. 
· At the beginning of the transmission the XMIT_PTR is incremented by one to the next TFIFO element by the Transmit State machine and is used by the TxAutoPush mechanism for the Transmit Scheduler Thread information.
Each of the above loops can cause to limitations and time consideration. Each time deviation can affect other mechanisms. So the time considerations per each will be observed later on as well.
Figure xxx describes all the steps within each mechanism. The description of the numbered labels that are on the arrows can be found in the list below. 


[image: image2.wmf]IX bus Interface

I

X Bus Interfac logic

:

 

Transmit State

Machine

Ready Bus Sequencer

TFIFO# of

elements

TFIFO id

port

queue

Calculated packet

location

Ready BUS

IX BUS

8 port MAC devics

MAC Fifos  Status Flags

Fifo threshhold levels

Rec

Fifo

… … … …

TFIFO

3)Assigsn a

trasnmit thread

… … … …

Rec

FIFO

… … … …

… … … …

RDYCTL#:

Fifo Status

flag select

FDAT[63..0]

RDYBUS[7..0]

IX Bus Control

 Signals

FBI pull

engine

Interface

Tx

Scheduler

1)Gets ports

availability

2)Gets

TFIFO

availability

1

2

Seq. programming+ conf

regs:

RDYBUS_SYNCH_COUNT...

RDYBUS_TEMPLATE_prog..

.

RDYBUS_TEMPLATE_CTL

MAC's Transmit

FIFO status

XMIT_RDY_CTL

XMIT_RDY_HI

XMIT_RDY_LO

XMIT_PTR

MAC's flow

control

FLOWCTL_MASK

3

8. Read Data from Tfifo

Clear Tfifo element

Incremenets XMIT_ptr

Transmit Thread

Moves data,control to

TFIFO

Updates the valid bit

in TFIFO for the

transmit state

machine.


Figure:   1-2 The “Transmit Packets” Chart 

1.1.3.1 The TFIFO structure

For the microengines, the TFIFO is implemented as a memory array of 16 elements. Each of 10 quadwords of 4 fields: 

1. Transmit data of 64 bytes that holds the data to be transmitted.

2. Prepend field of 8 bytes that holds to be sent before the transmit data incase the appropriate flag is set in the control field.

3. Control field of 8 bytes that instructs the Transmit State machine how to transmit the data.
4.  Valid bit indicates the Transmit State machine that TFIFO element is valid for transmission over IX bus.

 (quadword = 4*16 bits, 64 bits or 8 bytes) 

Data is written on quadwords boundaries. A microengine writes data fron its SRAM transfer register  using t_fifo_wr command or using the sdram instruction for the SDRAM – TFIFO transfer.

There are three different pointers that are important while accessing the TFIFO as follows:

1) XMIT_PTR register (or tfifo_ptr in SW) – holds the next TFIFO element to be transmitted. Incremented by the Receive State Machine and read by transmit scheduler thread

2) Ele_inptr – The first element that was already sent by the Receive State Machine and its place have not cleared yet by the transmit scheduler.

3) Ele_outPtr – Last Element was inserted into the TFIFO and had not been sent yet.
1.1.4 ‘task per thread’ assignment

The Receive Scheduler keeps one microengine for its self becauses its real time properties.

The number of the Receive threads are as the number of input ports. ?????? Is it good implementation?

The Transmit Scheduler keeps one microengine ????

The number of the Transmit threads 

1.1.5 Performances Issues

1.1.5.1 “Receive Packets” time consideration

The Receive State Machine time consideration

To maintain a full utilization of the IX bus the Receive State Machine has to perform a read from the IX bus and to place it into a free location in the RFIFO. 

1. For a 64-bit Bi directional bus the reading rate from the IX bus is 19 cycles or 288 ns for a 66 MHz speed for one element (64 bytes). It takes 4.6 μsec  (288 nanos * 16) to read 16 elements.
2. For a 32-bit uni directional bus the reading rate from the IX bus is 17 cycles or 257 ns for a 66 MHz speed for one element (64 bytes). It takes 4.1 μsec to read 16 elements.
As was described the Receive State Machine fetches the requests from the REC_REQ that is filled by the receive scheduler thread and it fills the job information for the receive thread into the  REC_CNTL FIFO.

If the REC_REQ does not have any requests in it or if the REC_CNTL is full the receive state machine will stop working and waste IX bus bandwidth

The Receive scheduler thread time consideration

To keep the Receive State Machine busy the receive scheduler has to guarantee that each time the Receive State Machine seeks for a request in the REC_REQ FIFO – it will be there. This thread has the real-time execution property and is the only thread running on a micro engine so no blocking will occur. It has to insert a request every no more than 19 cycles for bi-directional or 17 cycles for uni-directional bus.

The execution time has to be no more than 47 (42) Core cycles. Assuming that Core cycle is 166MhZ, so for the 288ns derived from the IX bus (66MZ) speed, the scheduler can work for at most 47 (42) cycles in 166 MHz.

The Receive thread time consideration

The Receive State Machine fills the job information for the receive thread into the  REC_CNTL FIFO. If the REC_CNTL is full the receive state machine will stop working and waste IX bus bandwidth. To guarantee that the REC_CNTL will not be full – it should be read by any receive thread every 288 ns or 19 cycle. The execution time of the receive thread depends on the number of the receive threads. Still it is blocked by the time of the receive scheduler (47 cycles) * 16 which is 765 cycles. This is true in case 16 threads are dedicated to the receive thread – which seems too much.
1.1.5.2 “Transmit Packets” time consideration

The consideration that has be done here are the inter router delay and assuming that data arrive in full speed and the require to transmit it in a full speed

/***********************************

The Transmit State Machine time consideration

To maintain a full utilization of the IX bus the Transmit State Machine has to send data, if there is data to send, onto the IX bus in maximal possible rate. 

3. For a 64-bit Bi directional bus the reading rate from the IX bus is 19 cycles or 288 ns for a 66 MHz speed for one element (64 bytes). It takes 4.6 μsec  (288 nanos * 16) to read 16 elements.
4. For a 32-bit uni directional bus the reading rate from the IX bus is 17 cycles or 257 ns for a 66 MHz speed for one element (64 bytes). It takes 4.1 μsec to read 16 elements.
The Transmit scheduler thread time consideration

The Transmit thread time consideration

**********************************************/
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