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The IBM eServer z900 has an overall system
I/O bandwidth which is three times that of
IBM S/390® G5/G6 servers, necessitating the
use of Self-Timed-Interface (STI)-to-Peripheral-
Component-Interface (PCI) bridge chips to
exploit this bandwidth. The chips are used
to form a layer between the networking
attachments of the z900 and its main storage
complex. The layer adapts the high-speed
point-to-point packet-oriented STI interface of
the z900 to its multi-drop PCI bus structure.
This paper describes a method for verifying
the functionality of the STI-to-PCI bridge
chips by implementing a hierarchical indexing
method to support all address dispatching,

data management, and data integrity checking.
The method is at the core of the random-
element-level verification methodology to
support all data movement mainline testing of
the z900. Monitors, checkers, and drivers were
developed and integrated as part of the overall
methodology to verify all external interfaces.

Introduction
The IBM eServer z900 can accommodate 256 channels,
network adapters or Parallel Sysplex* attachments [1]. It is
through the use of a robust I/O subsystem based on new
chips exploiting the 24 1GB/s self-timed interface (STI)
connections of the z900 that its large 16-way processor
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complex can efficiently run applications. Figure 1 shows
the overall structure of a zSeries server, depicting the
processor complex and the STI-to-PCI bridge chip
integrated in the I/O subsystem. New complex chips used
for mainframe I/O channel, network, and Parallel Sysplex
attachments had to have their design and internal function

verified. Tight development schedules and cost efficiencies
associated with reducing the number of chip design passes,
or “RITS,” required new methods for verifying interfaces.
Mainline function of interfaces between the STI and
attachments and internal address and data management
functions were verified using innovative methods and
tools. Extensive simulation coverage of the new z900 chips
enabled the verification team to support the relatively
short z900 development schedule to bring its leading-edge
performance and function to our customers. Verifying
function used in the IBM OSA-Express GbE feature
and the high-performance FICON* Express channel
was a challenge. These high-bandwidth adapters were
respectively available in the z900 in December 2000 and
October 2001. Thus, the challenge was met and led to the
establishment of a method for verifying fast and complex
I/O interfaces and functions.

Element-level verification environment
The environment structure shown in Figure 2 was
implemented for all mainline functional simulation of the
STI-to-PCI bridge chips. The structure consists of four
behaviorals: three interface behaviorals and an address
and data management (ADM) behavioral.

Each of the interface behaviorals [the STI behavioral,
the local data storage (LDS) behavioral, and the PCI
behavioral] is further subdivided into two other
behaviorals: a monitor behavioral, which performs all
interface protocol monitoring and validation according to
the design specifications, and a driver behavioral, which is
responsible for driving the data and address information
on the interface buses. Basically the driver behavioral
performs two functions: One is to issue commands to the
chip, and the other is to respond to commands coming
from the chip.

All communication between the interface behaviorals
is achieved through the ADM behavioral. The ADM
behavioral is an event handler providing all address
dispatching and data management functions. First,
events occurring at the interfaces trigger the interface
behaviorals, and methods are subsequently invoked,
thus allowing the behaviorals to communicate with one
another. The ADM behavioral is also responsible for
handling all data integrity checking. A more detailed
description of all environment behaviorals is provided
later.

Integrated in the overall environment structure is the
device under test (DUT), which in this case is the STI-to-
PCI bridge chip.

Device under test
The STI-to-PCI bridge chip, the DUT shown in Figure 2,
is a high-performance interconnect chip which serves as
a bridge between the eServer zSeries STI bus and the

Figure 1

Overall structure of a zSeries server. Its microprocessors (PUs) can 

be CPs, system assist processors (SAPs), integrated facilities for 

Linux, or integrated coupling facilities.
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Figure 2

STI-to-PCI bridge chip design verification environment structure.
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industry-standard PCI bus. This chip was designed to
support an environment in which a processor is attached
via the PCI interface. This processor is referred to as
the channel processor. Various networking and channel
attachments, such as ATM, Fast Ethernet, Gigabit
Ethernet, and FICON, are also supported via the PCI
interface.

The STI-to-PCI bridge chip contains four basic
interfaces, of which two are STI interfaces. One interface
provides all data movement to and from the z900 memory,
and the other provides the STI chaining capability, making
it possible to attach another STI-to-PCI bridge chip in
a similar configuration for additional connectivity and
bandwidth. An SDRAM memory interface, also known as
LDS, provides a temporary memory staging area for data
movements in and out of the PCI-attached devices. The
LDS is controlled and protected with ECC, single-error
correction and double-error detection, by the on-chip
memory management unit (MMU). This unit provides a
high-speed memory access to the elements inside the chip.
The PCI interface is 64-bit, 33-MHz or 66-MHz, which
allows the z900 I/O subsystem to support the various PCI
adapters.

The data movement between the STI and PCI interfaces
is accomplished by a register operation (RegOp) engine
and by two data mover queue (DMQ) engines. These
DMA engines can be controlled by the channel processor
via the PCI interface or by the system assist processor
(SAP) [2] via the STI interface.

The MMU switch and arbiter function within the chip
provides the internal data path between the data
movement functional units.

Verification methodology
Verification of the STI-to-PCI bridge chip was performed
with an IBM-designed cycle simulator called ZFS [3].
With a cycle simulator such as ZFS, the detailed timing of
the logic circuits is ignored, and the state of the logic is
evaluated on clock cycle boundaries. Timing was checked
and verified with tools other than ZFS. ZFS provides
the performance needed to support the large complex
STI-to-PCI bridge chip model. All mainline functional
implementation testing was done using ZFS as a single-
cycle simulator using the L2 portion of the L1/L2 SRL
structure.

All test-case coding was done using SimAPI [4]. SimAPI
is a common programming interface for simulation; it
provides a set of functions implemented by the user
programs and test cases to drive the simulation model.

Because of the structural nature of the behaviorals
shown in Figure 2, an object-oriented conceptual language
was used. Based on the availability of resources and skills,
C�� was the language implemented.

ADM behavioral

Hierarchical indexing data structure
As shown in Figure 2, the address and data management
(ADM) behavioral is at the heart of the overall element-
level design-verification structure. The ADM behavioral
is an event handler acting as an address dispatcher for all
chip interface behaviorals. It supports all address and data
management functions and, in addition, it handles all data
integrity checking. For this purpose, the ADM behavioral
implements a hierarchical indexing data structure, as
depicted in Figure 3.

Each level within the hierarchy associates a given index,
which can be any integer value, with a set of entries. Each
entry at the highest and intermediate levels contains a
reference or pointer to the lower-level indices and so on
down the hierarchy. This reference is a key or an address
pointer. The entries at the lowest level of the hierarchy
contain the addresses and the source or target data
allocated for a given operation.

The control-block entries for a given operation are
indexed at the highest level of the hierarchy. The control
block contains information related to the operation setup

Figure 3

Hierarchical indexing data structure: (a) Higher-level index [i] and 

entry [e] pairs corresponding to a given operation control block. 

(b) Intermediate-level index and entry pairs with pointers to lower 

levels down the hierarchy. (c) Lower-level index and entry pairs. 

Indices h, x, and l represent any integer value; m is an integer 

value associated with an entry.
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as well as all its associated controls, such as data
movement parameters, source address pointers, target
address pointers, data counts, and ending status. At the
intermediate levels, the index and entry pairs contain keys
or address pointers to lower indices down the hierarchy.
At this level, the entry blocks contain keys or address
pointers which are used to reference other addresses or
memory locations. The indices and entry pairs at the
lowest level are associated with actual data blocks in
memory.

The keys or address pointers at each level within the
hierarchy are represented as shown in Figure 4. The
highest-level key or address contains a single index and
entry pair, as depicted in Figure 4(a). Figure 4(b) shows
that intermediate levels contain two or more index and
entry pairs associated with a given key or address.
A lowest-level key or address which contains the
maximum number of index and entry pairs is represented
in Figure 4(c).

Figure 5 shows a single index and entry pair in which the
entry portion is expanded. The contents of each entry is

dependent on the level at which the entry is positioned
within the hierarchy. At the highest and intermediate
levels, the entry contains the address for each entry or
memory location. The actual contents of this memory
location are an address or a pointer to another address
location down the hierarchy. An entry at the lowest level
of the hierarchy also contains an address for each entry or
memory location, but the memory content to which this
address is pointing is the actual data and associated
information such as data parity and byte enables. Byte
enables define which bytes of data are considered valid.
The data parameter for each entry may contain 32 bits or
64 bits of data.

ADM behavioral structure
The structure of the ADM behavioral includes a state
machine with four distinct states: an idle state, a
command- or operation-setup and address-check-out state,
a processing and address-dispatching state, and an address-
check-off and operation-completion state. This state
machine structure is shown in Figure 6. The ADM
behavioral makes the transition from an idle state when it
is invoked with a command selection function call from
an interface behavioral [ifcSelCmd( )]. This function call
implies that the interface behavioral is ready to process
or initiate an operation. After a supported command or
operation is selected at random, the ADM behavioral
transitions to the command-setup and address-check-out
state. In this state, the ADM behavioral will set up the
operation and check out all necessary addresses to support

Figure 4

Key or address pointer index and entry pair representation, where 

K is the key or address pointer, i is the index, and e is the entry: 

(a) Highest-level pair; (b) intermediate-level pairs; (c) lowest-

level pairs.
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Figure 5

An index and entry pair with the entry portion expanded: (a) Each 

entry contains an address, and the location in memory to which  

this address is pointing may contain another address or data. (b) 

The data portion may contain 32 bits or 64 bits of data.
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the selected command or operation. When this setup is
complete, the transition to the address, data processing,
and dispatching state occurs. The ADM behavioral
remains in this state while it receives function calls from
the interface behaviorals [ifcAddrDataProc(a,c)] to
dispatch or process an address and its corresponding data.
The function is invoked with an address (a) parameter and
a command (c) parameter. If the command is a read from
the perspective of the chip, meaning that the chip is
performing a read operation, the ADM behavioral
dispatches the corresponding data associated with the
address parameter. In other words, the data is made
available to the interface driver so that it can be driven
on the input bus to the chip. If the command is a write,
which implies that the chip is performing a write, the
ADM behavioral will process the data for the interface
monitor or checker behavioral. This is depicted in more
detail in the flowcharts shown in Figures 7 through 9.
Finally, the ADM behavioral enters the final state when
it invokes the functional call to perform the command-
completion and final address and data-check-off routine.
This routine is called when the ADM behavioral receives
an ifcAddrDataProc(a,c) call in which, for this case,
address (a) corresponds to ending status data.
This triggers the ADM behavioral to invoke the
ifcCmdComplAddrCheckoff(a,c) function passing the
ending-status address and the write-command parameters.

The flowchart diagram shown in Figure 7 provides a
more detailed description of the command-setup and
address-check-out state implemented in the ADM
behavioral. The PCI and STI interface driver behaviorals
can invoke function ifcSelCmd( ) simultaneously, forcing
the ADM behavioral to transition from an idle state to the
command-setup and address-check-out state. In this state,
the ADM behavioral selects a command or operation
at random from a list of supported commands. The
commands or operations supported by the STI-to-PCI
bridge chip are described later. After the command
selection, the setup begins for all addresses and their
corresponding index and entry pairs. These addresses are
selected at random from a predefined range allocated
during chip configuration time. The address space
allocated to the STI behavioral is considered main storage
space, while the PCI behavioral will have its space
allocated in PCI-device memory-mapped addressable
range.

First, the highest level of addresses and corresponding
index and entry pairs, represented as K(ih , em);, is set up
for the command control block, which includes the ending
response or status entry. This block contains address
pointers to destination and source address lists of data
blocks, as well as other miscellaneous control information
necessary to execute the operation. Index h can be any
integer value, meaning that several operations can be set

up at any time. Subsequently, the intermediate index
and address entry pairs are also set up. As shown in the
flowchart diagram, these are represented as K[(ih , em);
(ix , em); . . . ; (iy , em)];. The destination and source data
blocks can be partitioned at random into smaller blocks
of data. Therefore, the lists of address pointers to
the smaller data blocks are grouped and set up with
intermediate indices and address entry pairs. The value
of index x can be any integer value, indicating that there
could be several indices and entry pairs associated with a
higher-level index h. Also, other miscellaneous control
functions are represented at the same intermediate level,
as are the lists of address pointers. For instance, LRC
and CRC starting and ending pointers are set up and
represented at this level of the hierarchy. At the lowest
level of the index and entry pair hierarchy, all data blocks
for the destination are set up, as well as the source data
blocks. The index and address entry pair representation for
these data blocks is K [(ih, em); (ix, em); . . . ; (iy, em); (il, em)];.
An address at this level is represented by the maximum
number of indices and entry pairs. The lowest-level
index l can also be any integer value, and several indices
at this level are associated with a single index x at
the previous level within the hierarchy. Since any given
index may contain several entries, m can be any integer
value as well. Therefore, any index and entry pair at a

Figure 7

Flowchart diagram for the command- or operation-setup and ad-
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