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ABSTRACT 

This paper describes the design and implementation of 
an ATM Segmentation Engine including PCI interface. 
This engine, which was designed for an ASIC called 
ASAH-NIC, contains DMA read machine and segmenta-
tion machine.  It uses local memory where control in-
formation is stored in schedule table, VC table, buffer 
descriptor and status queue. It has several spepcial fea-
tures like processing split packet buffers and automatic 
alignment and packing of transmit data. 
 

1. INTRODUCTION 
This paper describes the implementation of an ATM 

segmentation engine with PCI bus which is part of an 
ASIC called ASAH-NIC which performs segmentation 
for any arbitrary number of connections at the same time 
with 155Mbps performance(with reassembly engine in 
one chip). This engine can also tightly control the CBR, 
VBR burst cell generation using scheduler, and also sup-
ports UBR traffic with timer control. This paper dis-
cusses the segmentation part with its DMA master read 
function.  Figure 1 shows the block diagram of the 
ASAH-NIC chip.  The DMA slave and local memory 
interface and re-assembly function will not be discussed. 
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Figure 1. ASAH-NIC ASIC’s Block Diagram 
 

2. BASIC OPERATION 
The basic operation relies on some data structure 

maintained in the local memory. They are VC table, buf-
fer descriptor table, buffer descriptor queue, status queue, 
and schedule table. 

VC Table contains the control information for each 
connection such as the AAL type, whether it’s buffers 
contain complete cells, and whether it’s UBR or not.  It 
also keeps the CURR_DSCR and LAST_DSCR which 
point to the current and last element of the buffer de-
scriptor linked list connected to the VC table.  It also 
keeps the BUFF_RD_CNT which shows how many 
bytes have been read from the current buffer.  It is to be 
noted that only the VC table is updated and written back 
to memory after a connection’s service thus reducing 
local memory usage.  The VC table also has UBR next 
pointer to link the VC table belonging to UBR into a 
cyclic linked list and timer control values.  Partial 
CRC32 value is also kept in the VC table. 

When there is data to send, the host CPU writes buf-
fer descriptor for that data to the descriptor queue in the 
local memory while incrementing the write pointer.  Buf-
fer descriptor contains the starting address and the size of 
the buffer in byte.  The buffer descriptor should also con-
tain packet trailer and EOP(end of packet) indication.  It 
also has the VCC index which shows what connection 
the data belongs to.  Since VCC index is the order of the 
VC table in the pre-assigned SRAM address space, we 
can get the start address of the corresponding VC table 
with the VCC index.  The buffer descriptors sent to the 
descriptor queue is taken out and linked to the corre-
sponding VC table.  When linked, the VCC index field 
of the buffer descriptor is used as pointer to form linked 
list. 
   The order of service for each connection is determined 
by the schedule table.  The schedule table’s entry con-
tains the start address of the VC table to be serviced.  
Only the CBR or VBR connection is registered in this 
schedule table. 

The segmentation engine also writes status informa-
tion into status queue and the host CPU reads from the 
status queue.  The status information includes the fin-
ished buffer address and VCC index, and other status 
information.  

Figure 2 shows the free buffer list and method of 
linking buffer descriptors to the VC table. 
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Figure 2 method of buffer descriptor linking. 

  
3. HARDWARE ARCHITECTURE 
3. 1 Segmentation Processor 
This section describes each processing block’s action. 
3. 1. 1 Buffer Descriptor Link Man-
ager(BLM) 

The descriptor queue level is increased when the host 
CPU writes one or more BD(s) to the BDQ and decre-
mented when a descriptor is taken out and linked to a VC 
table.  The BLM continues linking the BD in the BDQ 
while the BDQ level is not zero. 

The BLM reads one BD from the BDQ and copies 
the data into a new free BD’s address which was fetched 
from FBM.  This new address is linked to the VC table 
corresponding to the VCC index using the current and 
last descriptor pointer of the VC table and next pointer of 
the BD. Figure 3 shows a typical linking action when 
there was two BDs already linked. 
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Figure 3. Example of a Buffer Linking Procedure 
 

3.1.2. Free Buffer Descriptor Man-
ager(FBM) 

The free buffer descriptor manager manages the 
linked list of free buffer descriptor.  When requested 
from the BLM, it gives the head pointer of the free list 
and updates the head pointer to the next free one.  The 
next address is always pre-fetched to get the next pointer 
before it is overwritten with null by the BLM.  In addi-
tion, when requested by the schedule and segmentation 

circuit, the FBM appends the address of the used de-
scriptor to the tail of the free linked list. 
3. 1. 3 Scheduling and Segmentation Man-
ager(SSM) 

SSM comprises of VC table and buffer descriptor 
register files, main controller, and segmentation cell 
buffer. The segmentation cell buffer has 10 cell buffers 
and writes DMA read cell data or unassigned cells into 
the FIFO as requested and sends the cell to the UTOPIA 
interface when there is at least one cell in the FIFO.  Be-
cause the write controller and the main controller moni-
tors the FIFO state before any (DMA) cell writing, FIFO 
overflow is prevented.   

VC table and buffer descriptor register file keeps the 
VC table and buffer descriptor read from the memory 
and supplies various signals for the controller and re-
quests DMA with retrieved parameters when com-
manded by the controller.  The VC table is updated at the 
end of the DMA. 
The number of remaining bytes is obtained by subtract-
ing BUFF_RD_CNT from the buffer size. For AAL 5, if 
the remaining bytes are more than 48, 48 bytes are re-
quested.  If the EOP bit of the buffer descriptor is set and 
the number of remaining bytes is less than 40, DMA is 
requested for these remaining bytes with EOP cell indi-
cation set. (Figure 4 (a)) But if the remaining bytes are 
more than 40 and less than or equal to 48, the remaining 
bytes are requested with EOP cell indication deasserted. 
In this case, the number of bytes requested for the next 
DMA will be zero to indicate all padding cell.( Figure 4. 
(b)) 
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Figure 4. Typical AAL 5 segmentation  

(a) above : remaining <= 40  
(b) below : 40 < remaining <= 48 

 
As a special case, if EOP is not set for the buffer and 

the number of remaining bytes is less than 48 but there is 
a following buffer already linked to the VC table, it as-
sumes that the following buffer has the needed data and 
two DMA action is performed for one cell. We call this 
‘split DMA’ in this engine.  This can be called a data 
gathering function for segmentation. 
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Figure 5 shows the simplified state diagram of the 
main segmentation controller.  It should be understood 
that VC table information for the decision is updated at 
the end of DMA completion.  And data availability in-
cludes the split DMA case. 
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Figure 5. State Diagram of the Main Controller 
 

The controller starts reading schedule table process-
ing “insert unassigned cell”, and “jump” and  “pass” 
operations.  If the OP code is “immediate transmit”, the 
controller reads the VC table pointed to by the schedule 
table. If the CURRENT value is not zero, (meaning at 
least one BD is linked to the VC table), it loads the buf-
fer descriptor but if it is not, the controller jumps to UBR 
pointer fetch state.  If the UBR pointer is available, it 
switches to UBR service but if it is not, it commands 
insertion of 1 unassigned cell and proceeds to next entry 
of the schedule table.  

After loading the VC table and BD, if it is decoded 
that there’s enough data for DMA, the controller com-
mands DMA request.  At the end of DMA completion, 
the VC table is updated with prepared values and new 
information is available.  In all cases when a VC table is 
newly loaded, the burst count is preset to the defined 
burst value and the count is decremented at every cell 
transferring DMA completion and checked for burst con-
tinuation.  And if the current buffer data is running out 
by the DMA, the controller frees the current descriptor.  

After every DMA completion, the controller checks 
if another DMA should be performed for the connection.  
The first case is for split DMA and the second case is 
when the burst counter is not zero.  For each case the 
controller jumps to appropriate states of reading BD or 
writing VC table or checking size.  When the burst ended 
due to the lack of data, it returns to UBR service after 
writing back the VC table.  

During the UBR service, timer value is also checked 
before reading buffer descriptor and the controller jumps 
directly to unassigned cell insertion if data is not avail-
able for DMA. And after a DMA completion, it goes to 

VC table write back state without looking at burst coun-
ter.  

The minimum cell generation time distance control 
for UBR traffic is done using a timer and two fields of 
the VC table. The timer is incremented every given pe-
riod of, for instance, 1 usec.  Whenever a cell is transmit-
ted, the current timer value plus time distance value for 
that connection is added and written into the VC table.  
To generate a cell for any UBR traffic, the timer should 
be equal to or greater than this time set at its last trans-
mission time. 
3.1.4. UBR Pointer Manager(UPM) 

The UBR pointer manager searches the UBR linked 
list VC table and get ready for the UBR pointer having 
buffer. When UBR pointer is fetched by the SSB it starts 
searching again. The UPM’s pointer searching is enabled 
only when there is at least one buffer descriptor linked to 
UBR traffic.  
3. 1. 5. Status Report Manager(SRM) 

When the status report request bit of the buffer is set, 
the main control requests status report to the status report 
manager providing status information.  The status report 
manager latches and writes the status information into 
the status queue and generates interrupt.  

 
3. 2 DMA Master READ Processor 
Basically, the DMA read block receives DMA request 
with DMA parameters and after reading requested data 
from the PCI memory of the PCI core, returns the ATM 
cell with enable signal.  
DMA parameter includes cell_request signal, EOP cell 
indication, and other control signals as well as the start 
address and size of the DMA read, cell header, AAL type, 
trailer, CRC32, FCT indication.  For AAL5, partial 
CRC32 value is also returned to the segmentation circuit 
at the end of DMA.  
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Figure 6.  DMA Master Read Circuit 
 
Figure. 6 is the diagram of DMA READ processing 
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block.  PCI read controller transfers the DMA parame-
ter of start address and size to the PCI core and requests 
memory read.  When passing the parameter to PCI core, 
the PCI read controller changes the start byte address and 
byte size to word equivalent values so that all the re-
quested bytes can be contained in the words requested to 
the PCI core. 

Whenever the FIFO is not empty it repeats reading 
the PCI FIFO until all the requested data is written to the 
alignment circuit.  When sending the unaligned words to 
the alignment circuit, the PCI read controller calculates 
the start location(offset) and number(size) of the bytes to 
be taken from the word and supplies this information 
with enable signal.  Figure 7 shows the offset and size 
values for a split DMA case where 17 bytes from PCI 
address BA0045 and 16 bytes from PCI address 79205C 
is read to form 33 bytes for the cell payload(remaining 
bytes are filled with padding bytes). 

 

 
Figure 7. Word Alignment Circuit’s Input and Output 

 
Figure 8 shows the block diagram of alignment cir-

cuit. The residue register keeps the bytes which are not 
yet assembled into an aligned word. When a new word 
has been assembled, the word register latches the aligned 
word and the strobe signal is pulsed.  The controller con-
trols the amount of shift and select and latch actions ac-
cording to the number of residual bytes and the offset, 
and size of the input word.  
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Figure. 8 Alignment Circuit 
 

After the data has been moved to the FIFO,  the cell 
transmit controller reads the data and makes ATM cell 
by multiplexing ATM cell header, FIFO output data, 
CRC10, CRC32, and trailer.  Before starting cell forming 
routine, it pushes the occasional remaining word in the 
alignment circuit out to the FIFO.  The padding is done 
automatically by reading the FIFO 10 or 12 times regard-
less of the amount of data in the FIFO which is designed 
to output padding pattern when empty.  

 
4. CONCLUSION 

The segmentation engine designed for an ASIC 
called ASAH-NIC, performs all the protocol processing 
using local SRAM and reads directly from host or PCI 
memory to make ATM cells thus relieving the host CPU 
from processing burdens.  Since there is no limitation on 
the start address and the size , there is no need to move 
the data to a separate location after processing a higher 
layer application processing.  This engine can tightly 
control the CBR, VBR bursts and UBR cell generation 
using schedule and timer.  

The ASAH-NIC ASIC has PCI function, SAR and 
ATM functions for various AAL types, and 155Mbps 
physical layer function with external UTOPIA interface 
and provides one-chip solution for ATM adapter. 
 
Acknowledgments  

We would like to thank Dr. Jae-geun Kim, Dr. Mun-
kee Choi and Yeong-won Hwang, for their valuable ad-
vices and encouragement  
 
References 
 
[1]  ITU-T Rec. I.432, I.361, I.363, I.371 
[2]  PCI Local Bus Specification, Rev 2.1. June. 1995 
 

17 bytes from address BA0045

BA0044

BA0048

BA004C

BA0050

BA0054

79205C

792060

792064

792068

79206C

123

4567

89AB

CDEF

1011

12

13141516

1718191A

1B1C1D1E

1F20

1  3

0  4

0  4

0  4

0  2

3  1

0  4

0  4

0  4

0  221

16 bytes from address 79205F

offset size

1234

5678

9ABC

DEF10

11121314

15161718

191A1B1C

1D1E1F20

21


