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INTRODUCTION

Dual port static RAMs are commonly used for communica-
tions between computing elements in a multiprocessor sys-
tem. This application note describes the use of Motorola’s dual
port NetRAM products to provide a bidirectional pathway be-
tween an MPU controlling a datacomm switch and an ASIC
that performs transformations on the data packets passing
through the switch. In this particular example, the MPU is an
MPC755 that uses its backside level–2 (L2) cache port to ac-
cess the NetRAM. A single clock NetRAM, such as the
MCM63D736, can be used if the ASIC clock can be derived
from the L2 port clock (see AN1779/D for details). If indepen-
dent clocks drive the two computing elements, the NetRAM
must be one of the dual clock parts, such as the MCM63V736.

The described system uses circular buffers to ensure the
transfer of packet data is performed correctly. The dual clock
NetRAMs allow simultaneous accesses to the same address
from each port. When the rising edges of the two clocks are
nearly coincident, either access may occur first. As a result,
the system must provide a higher order mechanism to ensure
the proper data is used by the MPU and ASIC. In this example,

the circular buffers provide the signaling between the two
computing elements to synchronize the transfer of data in
each direction. The chosen algorithm supports a single priority
of data traffic, although a multiple priority extension is also
briefly described.

SYSTEM DESCRIPTION

Figure 1 shows a simple block diagram of the relevant por-
tion of the system architecture. Two 128K x 36 dual clock
NetRAMs provide a 64–bit communications path between an
MPC755 microprocessor and an ASIC or DSP. The MPU
transfers 64–byte (8–word) data packets through the
NetRAMs for processing by the ASIC. The transformed pack-
ets are then sent back through the NetRAMs to the MPU. The
connection between the MPC755 and the NetRAMs uses the
backside cache port of the processor. In the MPC755, the
cache controller can be turned off so the port can be used as
a high speed, point–to–point link. The bus interface is also pro-
grammable, allowing it to be matched to the pipelined inter-
face of the NetRAM.

Figure 1. System Block Diagram
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CIRCULAR BUFFER DESCRIPTION

Both the MPU and the ASIC maintain a circular buffer that
facilitates the handshaking for the flow of packets to the other
computing element. Each buffer consists of 8K words of 32
bits, residing in NetRAM 1 (see Figure 2 for the system’s
memory map). After the MPU transfers a 64–byte cell to the
packet data memory, it places the address of the cell in the
next available location of its circular buffer. The most signifi-
cant bit of each circular buffer entry is a valid bit. A 1 indicates
that a packet is available for the other computing element to
retrieve. A 0 indicates that the packet has been read by the re-
ceiving entity.

The computing element that initiates the transfer of a packet
(e.g., the MPU in the case of MPU–to–ASIC traffic), maintains
a head pointer and a tail pointer to the circular buffer. The head
pointer indicates the address of the oldest unprocessed pack-
et in memory, while the tail pointer indicates the next entry that
will be used to hold the address of a newly transferred packet.
When the head or tail pointer reaches the end of the section
of memory reserved for the circular buffer, it will wrap around
to the beginning of the buffer when the next advance occurs.

The receiver of the packets maintains a single pointer to the
next entry in the buffer that will need its attention. If the receiv-
ing entity has processed all the available packets, this read
pointer is a copy of the tail pointer. Otherwise, it lags the tail
pointer by a number of entries equal to the number of unpro-
cessed packets.

Figure 3 illustrates the use of the MPU–to–ASIC circular
buffer, along with the associated pointers. The MPU’s head

pointer is labeled “HP”, the tail pointer is labeled “TP”, and the
ASIC’s read pointer is labeled “RP”. In Figure 3a, five packets
have been placed in memory for the ASIC to retrieve. Their ad-
dresses are in the circular buffer and the valid bits of those en-
tries are set as a signal to the ASIC that data is available. In
Figure 3b, three more packets have been written to the
NetRAMs and four of the original packets have been retrieved
by the ASIC. The ASIC has written a 0 to the valid bit of the first
four entries to signal the MPU that the data has been retrieved.
The MPU has not yet responded by pushing the addresses
back onto the free buffer list. This is apparent because the
head pointer is still pointing to the first address placed into the
circular buffer. In Figure 3c, no new packets have been written
to or read from the packet data memory. However, the MPU
has reclaimed the first four locations in the circular buffer by
pushing the addresses back onto the free buffer list and ad-
vancing the head pointer to the first entry with a valid bit of 1.

If the system needs to support the transfer of packets of dif-
ferent priorities, only the circular buffers need to be modified.
Each buffer should be split into multiple, smaller buffers that
hold the addresses of packets of a given priority. The receiving
computing element can use strict priority, retrieving the high-
est priority packet that is available at any time. Alternately, it
can use a weighted round robin algorithm that guarantees
some bandwidth to the lower priority classes. In most cases,
a single priority queue can be used for the return trip from
ASIC to MPU, assuming the MPU has enough bandwidth to
keep up with the ASIC.

Figure 2. Memory Map
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Figure 3. Circular Buffer Example
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FREE BUFFER LIST DESCRIPTION

The system includes a separate free buffer list for each
direction of traffic flow. These buffers are implemented as
stacks in NetRAM 0, as shown in the memory map of Figure 2.
The memory map also shows the 56K words from address
400016 to 11FFF16 are assigned to the MPU–to–ASIC packet
data memory, and the 56K words from address 1200016 to
1FFFF16 are assigned to the ASIC–to–MPU packet data
memory. Since each packet comprises 64 bytes (or 8 words)
of packet memory, the system initializes the free buffer lists by
placing every eighth address of the respective ranges into the
corresponding stack.

When a packet is available to be transferred to the ASIC, the
MPU pops a value from the MPU–to–ASIC free buffer list. This
value represents the address in packet memory to which the
data should be written and the value that should be placed in
the circular buffer along with a valid bit of 1. After the ASIC has
read the packet, it will clear the valid bit in the circular buffer.
When the MPU recognizes this action, it will push the address
from this entry of the circular buffer back onto the free buffer
list.

Note the MPU and the ASIC only manipulate their own free
buffer list. As a result, the lists can be maintained in memory
that is not part of the dual port RAM. If such a scheme can be
used, the designer will maximize the memory that is available
for transferring packets. Use of the free buffer lists may be
eliminated completely in the simple, single priority system. If
one bit of each packet can be reserved to serve as the valid
bit, the dual port memory map can be split into MPU–to–ASIC
packet data memory and ASIC–to–MPU packet data memory,
with no need for free buffer lists or circular buffers. In this case,
the receiving computing element simply waits for the valid bit
to be set in packet data memory. When it is set, the receiving
element retrieves the packet and clears the bit.

MPU ALGORITHM DESCRIPTION

The MPU is responsible for transferring unprocessed pack-
ets to the ASIC, retrieving processed packets, and maintain-
ing its free buffer list and circular buffer. The steps of the

algorithm are summarized in Figure 4a. The MPU begins by
initializing the circular buffer to all 0 values, which serves to
clear all the valid bits. The processor then initializes the free
buffer list, writing values corresponding to every eighth ad-
dress in the MPU–to–ASIC packet data memory. In this initial-
ized state, the circular buffer head and tail pointers contain the
address of the buffer’s first entry. In addition, the MPU read
pointer for the ASIC–to–MPU circular buffer points to the first
location of that buffer.

When the MPU is ready to begin transferring data, it first
checks for the availability of an unprocessed packet. If one is
found, and a location is available in the packet data memory,
the processor writes the packet to the designated address it
retrieves from the free buffer list. It then adds the packet ad-
dress, with a valid bit of 1, to the circular buffer. Finally, the
MPU increments the circular buffer’s tail pointer.

Next, the processor determines if the ASIC has read any of
the packet data memory locations. It does this by reading from
the head of the MPU–to–ASIC circular buffer. If the valid bit is
cleared, this indicates the corresponding packet has been
processed. The MPU pushes the address from this location of
the circular buffer back onto the free buffer list, and increments
the circular buffer’s head pointer. This process is repeated
until the MPU finds an unprocessed packet or determines that
packet data memory is empty.

The MPU then checks for packets that are ready for the
return trip from the ASIC. It checks the location of the ASIC–
to–MPU circular buffer indicated by its read pointer, looking for
a valid bit of 1. If the bit is set, it retrieves 8 words from the
ASIC–to–MPU packet data memory beginning at the location
specified in the circular buffer entry. After retrieving the data,
the MPU clears the valid bit and increments its read pointer.
The process of reading from the ASIC–to–MPU circular buffer,
reading the corresponding packet, clearing the valid bit, and
incrementing the read pointer is continued until a location is
found in the circular buffer with a valid bit of 0.

At this point, the MPU is ready to begin a loop. It will continue
to check for unprocessed packets, determine if the ASIC has
retrieved any packets, and read any processed packets re-
turned by the ASIC.
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1. Initialize the MPU–to–ASIC circular buffer. (Write 0s to all
locations.)

2. Initialize the MPU–to–ASIC free buffer list. (Write 400016 –
11FF816, incrementing by 8, to addresses 000016 – 1BFF16 of
NetRAM 0, and 0s to addresses 1C0016 – 1FFF16.)

3. If a packet is available for transfer to the ASIC and a location is
available in the MPU–to–ASIC circular buffer, pop the
MPU–to–ASIC free buffer list and write the packet to the
designated address in the MPU–to–ASIC packet data memory.
Add the packet address and a valid status bit to the end of the
MPU–to–ASIC circular buffer. Increment the MPU–to–ASIC
circular buffer tail pointer.

4. Read the head of the MPU–to–ASIC circular buffer. If the valid
bit is cleared, push the address onto the MPU–to–ASIC free
buffer list and increment the MPU–to–ASIC circular buffer head
pointer. Repeat until an entry is found with the valid bit set or until
the MPU–to–ASIC circular buffer head pointer equals the
MPU–to–ASIC circular buffer tail pointer.

5. Read an entry from the ASIC–to–MPU circular buffer, using the
MPU read pointer. If the valid bit is set, read the packet at the
corresponding address in the ASIC–to–MPU packet data
memory. Clear the valid bit without modifying the address.
Increment the MPU read pointer. Repeat this entire step until an
entry with a cleared valid bit is found.

6. Check for more data that needs to be sent to the ASIC.

7. Go to step 3.
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1. Initialize the ASIC–to–MPU circular buffer. (Write 0s to all
locations.)

2. Initialize the ASIC–to–MPU free buffer list. (Write 1200016 -
1FFF816, incrementing by 8, to addresses 200016 - 3BFF16 of
NetRAM 0, and 0s to addresses 3C0016 - 3FFF16.)

3. If a packet is available for transfer to the MPU and a location is
available in the ASIC–to–MPU circular buffer, pop the
ASIC–to–MPU free buffer list and write the packet to the
designated address in the ASIC–to–MPU packet data memory.
Add the packet address and a valid status bit to the end of the
ASIC–to–MPU circular buffer. Increment the ASIC–to–MPU
circular buffer tail pointer.

4. Read the head of the ASIC–to–MPU circular buffer. If the valid
bit is cleared, push the address onto the ASIC–to–MPU free
buffer list and increment the ASIC–to–MPU circular buffer head
pointer. Repeat until an entry is found with the valid bit set or until
the ASIC–to–MPU circular buffer head pointer equals the
ASIC–to–MPU circular buffer tail pointer.

5. Read an entry from the MPU–to–ASIC circular buffer, using the
ASIC read pointer. If the valid bit is set, read the packet at the
corresponding address in the MPU–to–ASIC packet data
memory. Clear the valid bit without modifying the address.
Increment the ASIC read pointer. Repeat this entire step until an
entry with a cleared valid bit is found.

6. Process any packets that were received from the MPU.

7. Go to step 3.
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b. ASIC Algorithm

Figure 4. System Algorithms

ASIC ALGORITHM DESCRIPTION

The ASIC’s responsibilities are very similar to those of the
MPU. It transfers processed packets back to the MPU,
retrieves packets the MPU has stored in the NetRAM for it, and
maintains its free buffer list and circular buffer. Like the proces-
sor, it begins by initializing its circular buffer, free buffer list, and
read pointer. Figure 4b summarizes the steps in the ASIC
algorithm.

When the ASIC is ready to begin transferring data, it first
checks for the availability of a processed packet. If one is avail-
able, and a location is free in the packet data memory, the
ASIC writes the packet to the designated address it retrieves
from the free buffer list. It then adds the packet address, with
a valid bit of 1, to the circular buffer. Finally, the ASIC incre-
ments the circular buffer’s tail pointer.

Next, the ASIC determines if the MPU has read any of the
packet data memory locations. It does this by reading from the
head of the ASIC–to–MPU circular buffer. If the valid bit is
cleared, this indicates the corresponding packet has been
processed. The ASIC pushes the address from this location
of the circular buffer back onto the free buffer list, and incre-
ments the circular buffer’s head pointer. This process is
repeated until the ASIC finds an unprocessed packet or deter-
mines that packet data memory is empty.

The ASIC then checks for cells that have been written into
packet data memory by the MPU. It checks the location of the

MPU–to–ASIC circular buffer indicated by its read pointer,
looking for a valid bit of 1. If the bit is set, it retrieves 8 words
from the MPU–to–ASIC packet data memory beginning at the
location specified in the circular buffer entry. After retrieving
the data, the ASIC clears the valid bit and increments its read
pointer. The process of reading from the MPU–to–ASIC circu-
lar buffer, reading the corresponding packet, clearing the valid
bit, and incrementing the read pointer is continued until a loca-
tion is found in the circular buffer with a valid bit of 0.

At this point, the ASIC goes into its loop. It will continue to
check for processed packets, determine if the MPU has
retrieved any packets, and read any unprocessed packets
written by the MPU.

SUMMARY

This application note describes a solution to a problem
commonly encountered in the design of data communications
equipment. The NetRAM dual port memory products provide
an efficient means of transferring packets between two com-
puting elements in a switch or router. The NetRAMs also
support the circular buffer handshaking mechanism that coor-
dinates the flow of data between the two processors. While a
single priority algorithm is described, the circular buffers are
easily extended to support multiple priorities of traffic flowing
between the MPU and ASIC.
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