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Next, for every interface, first the DCL symbol MAC is defined and then for each IP
address, a call to a set_interface routine is made:

$ MAC := 00-0F-20-2B-A1-38
$ call set_interface 10.5.50.11/24
$ call set_interface 192.168.35.1/24 alias

The set_interface routine will figure out which interface is to be defined. This one gets IP
address 10.5.50.11, and 192.168.35.1 as alias address.

Of course, DCL symbols can be used instead of constants. At the beginning of this
procedure, symbols are defined for all IP addresses that are being used. Several IP
addresses are being used more than once, for IP failover or cluster alias purposes.

A side effect of setting an address for an interface is that the default route may be erased.
Therefore, once all the interfaces have been defined, the default route is set again. This
default route is not necessarily the same as the one defined in the first DCL procedure
described above.

The DCL command procedures
The first one is called TCPIP_INIT_CONFIG.COM. It must be called before TCPIP$STARTUP.COM
is invoked. I added this procedure to the CONFIG phase of SYSMAN STARTUP,
but it can be done in other ways.

$ set noon
$ nodename = f$getsyi("nodename")
$ if f$trnlnm("sys$pipe") .nes. "" then goto 'p1'
$!
$ call say_msg "-I- Executing CLUSTER_COMMON:TCPIP_INIT_CONFIG.COM"
$ nodename = f$getsyi("nodename")
$ debug = p1 .nes. ""
$ icalc := $sys$tools:icalc ! freeware tool, used for mask calculation
$ saved_parse_style = f$getjpi("","parse_style_perm")
$ set process/parse=traditional ! Needed for icalc, a ^ is being used
$ this_proc = f$environment("procedure")
$!
$! TCPIP_INIT_CONFIG.COM
$!
$! 31-Aug-2006, Bart Zorn
$!
$! This procedure is called before TCPIP$STARTUP.COM and does three things:
$!
$! 1. It sets up logical names to identify all lan adapters (and their TCPIP
$! alias names) by their hardware MAC address. In addition, logical names
$! that are common to all systems are defined.
$!
$! 2. It clears out the permanent tcpip interface database and repopulates
$! it with the default interface defined below.
$!
$! 3. It clears out any permanent default router information and supplies
$! a new default route defined below.
$!



© Copyright 2009 Hewlett-Packard Development Company, L.P 7

$ base_interface_node01 := 00-0F-20-2B-A1-38 10.5.50.11/24 10.5.50.3
$ base_interface_node02 := 00-0B-CD-F4-E4-A8 10.5.50.12/24 10.5.50.3
$!
$! 1. Lookup all hardware MAC addresses
$!
$ pipe mcr lancp show device/characteristics | -

search sys$pipe "Device Characteristics","Hardware LAN address" | -
@ 'this_proc' do_define

$!
$! 2a. Delete current permanent interface configuration
$!
$ pipe tcpip show configuration interface/full –

> sys$manager:tcpip_saved_configuration.txt 2> nl:
$ pipe tcpip set configuration nointerface */noconfirm > nl: 2> nl:
$!
$! 2b. Repopulate the configuration database
$!
$ lognam = "adapter_" + f$element(0," ",base_interface_'nodename')
$ interface = f$trnlnm(lognam,,1)
$ if interface .eqs. ""
$ then
$ call say_msg –

"-F- TCP/IP default interface is not defined. TCP/IP will not startup."
$ goto exit
$ endif
$ ip_address = f$element(1," ",base_interface_'nodename')
$ mask_length = f$element(1,"/",ip_address)
$ ip_address = f$element(0,"/",ip_address)
$ call generate_mask mask_length mask_longword
$ call convert_longword_to_address mask_longword mask_address
$ vf = f$verify(1)
$ tcpip set configuration interface 'interface' –

/host='ip_address' /network_mask='mask_address'
$ ! 'f$verify(vf)'
$!
$! 3a. Delete current permanent routing configuration, ignoring errors.
$!
$ pipe tcpip show route/permanent > sys$manager:tcpip_saved_routing.txt 2> nl:
$ pipe tcpip set noroute/permanent/noconfirm/gate=* > nl: 2> nl:
$!
$! 3b. Define permanent default route information
$!
$ def_route = f$element(2," ",f$edit(base_interface_'nodename',"compress,trim"))
$ vf = f$verify(1)
$ tcpip set route/gateway='def_route'/default/permanent
$ ! 'f$verify(vf)'
$!
$exit:
$ set process/parse='saved_parse_style'
$ exit
$!
$say_msg: subroutine
$ msg = f$fao("!8%T !AS",0,P1)
$ write sys$output msg
$ if f$trnlnm("sys$output") .nes. f$trnlnm("sys$error") then write sys$error msg
$ endsubroutine
$!
$do_define:
$!
$! Read the first line, it contains the device name
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$!
$ read/end=eof sys$pipe line
$ device = f$element(2," ",line)
$!
$! The second line contains the physical address
$!
$ read/end=eof sys$pipe line
$ address = f$element(0," ",f$edit(line,"trim,compress"))
$!
$! Build the TCP/IP style interface name from the device name
$! This assumes that we have no more than 6 devices of any given type
$!
$ interface = f$extract(1,1,device) + f$extract(0,1,device)
$ unit = %X'f$extract(2,1,device)' - 10
$ interface := 'interface''unit'
$!
$ vf = f$verify(1)
$ define/system/exec/nolog adapter_'address' 'device','interface'
$ ! 'f$verify(vf)'
$ goto do_define
$eof:
$ exit
$!
$generate_mask: subroutine
$ i = 32 - 'p1'
$ pipe icalc 2^'i' > nl:
$ 'p2' == .not. ('ICALC_OUT' - 1)
$ endsubroutine
$!
$convert_longword_to_address: subroutine
$ hex_longword = f$fao("!XL",'p1')
$ a1 = %x'f$extract(0,2,hex_longword)'
$ a2 = %x'f$extract(2,2,hex_longword)'
$ a3 = %x'f$extract(4,2,hex_longword)'
$ a4 = %x'f$extract(6,2,hex_longword)'
$ 'p2' :== 'a1'.'a2'.'a3'.'a4'
$ endsubroutine

The second procedure is called CREATE_INTERFACES.COM. It is called from
TCPIP$SYSTARTUP.COM.

$!
$! CREATE_INTERFACES.COM
$!
$! 24-Mar-2003, Bart Zorn
$!
$ SET NOON
$ CALL SAY_MSG "-I- Executing CLUSTER_COMMON:CREATE_INTERFACES.COM"
$ ifconfig := $tcpip$ifconfig
$ nodename = f$getsyi("nodename")
$!
$! Define symbols to be used here
$!
$ NODE01 := 10.5.50.11/24
$!
$ GOTO SYSTEM_'NODENAME'
$ EXIT ! Do not fall through
$!
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$SYSTEM_NODE01:
$!
$ MAC := 00-0F-20-2B-A1-38
$ call set_interface ‘NODE01’
$ call set_interface 192.168.35.1/24 alias
$!
$ MAC := 00-0F-20-2B-A1-37
$ call set_interface ‘NODE01’
$ call set_interface 192.168.35.1/24 alias
$!
$ goto exit
$!
$SYSTEM_NODE02:
$!
$ MAC := 00-0B-CD-F4-E4-A8
$ call set_interface 10.5.50.12/24
$ call set_interface 10.5.50.18/24 alias ! Cluster alias
$!
$ MAC := 00-0B-CD-F4-E4-A9
$ call set_interface 10.5.50.12/24
$ call set_interface 10.5.50.18/24 alias ! Cluster alias
$!
$ MAC := 00-08-02-91-88-CA
$ call set_interface 10.5.50.13/24
$ call set_interface 10.5.50.33/24 alias
$!
$ call set_interface 10.5.52.1/24 home ! Apllication alias
$!
$ goto exit
$!
$EXIT:
$ gosub reset_default_route
$ EXIT
$!
$say_msg: subroutine
$ msg = f$fao("!8%T !AS",0,p1)
$ write sys$output msg
$ if f$trnlnm("sys$output") .nes. f$trnlnm("sys$error") then –

write sys$error msg
$ endsubroutine
$!
$set_interface: subroutine
$!
$! p1 - address/mask
$! p2 - optional parameters
$! p3 - additional parameters for ifconfig
$!
$ lnm = "ADAPTER_" + MAC
$ interface = f$trnlnm(lnm,,1)
$ if interface .eqs. ""
$ then
$ call say_msg "-E- ''lnm' logical name is missing"
$ exit
$ endif
$!
$! Create interface if it does not already exist
$!
$ tcpip set interface 'interface'
$!
$ if f$edit(p2,"lowercase") .eqs. "home" then p2 := home alias
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$ params = f$edit(f$fao("!AS !AS !AS",p3,interface,p2),"trim,compress,lowercase")
$ sv = f$verify(1)
$ ifconfig 'params' 'p1'
$ ! 'f$verify(sv)'
$ endsubroutine
$!
$reset_default_route:
$ if "''new_default_route'" .eqs. "" then return
$ if f$mode() .eqs. "INTERACTIVE"
$ then
$ if f$trnlnm("tt") .nes. "OPA0:" then return
$ else
$ if f$mode() .nes. "OTHER" then then return
$ endif
$!
$ pipe tcpip netstat -rn | search sys$pipe default | -

( read sys$pipe line ; define/job/nolog line &line )
$ line = f$edit(f$trnlnm("line"),"trim,compress")
$ deassign/job line
$ default_present = f$element(0," ",line) .eqs. "default"
$ if default_present
$ then
$ current_default_route = f$element(1," ",line)
$ if current_default_route .eqs. new_default_route then return
$ endif
$ vf = f$verify(1)
$ tcpip set route /gate='new_default_route' /default
$ ! 'f$verify(vf)'
$ if default_present
$ then
$ if current_default_route .nes. new_default_route
$ then
$ vf = f$verify(1)
$ tcpip set noroute /gate='current_default_route' /noconfirm
$ ! 'f$verify(vf)'
$ endif
$ endif
$ return

Things yet to be done
When a new system needs to be configured, it is still necessary to run
TCPIP$CONFIG.COM once. I have not yet reverse engineered what steps
TCPIP$CONFIG.COM takes with regard to the host name and domain name settings.
Also, the client and server configuration needs to be done with TCPIP$CONFIG.COM.

Summary
The techniques described here allow for a complete interface configuration for TCP/IP
Services for OpenVMS with two DCL command procedures. These procedures are
organized in such a way that they contain all relevant information for all systems to be
configured. This makes it a lot easier to configure many systems and prevent duplicate IP
addresses and other errors.

The author can be contacted at Bart.Zorn@Yahoo.com
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demonstrates some of the output that can be seen. This example shows the correlation
between the original Alpha instructions and the equivalent Itanium instructions.

Figure 1 Listing of Alpha Instructions and Corresponding Translated Itanium Instructions

This output was generated using the command:

$ AEST/VERBOSE/LIST/DUMP=IA64=ALL <image>

For more information on the qualifiers accepted by AEST and how to use them, refer to
the online DCL help.

Observing Image Execution
With the help of some debugging features built into the TIE run-time library it is possible
to observe the execution of the translated image. By defining the logical
PRTCHK_PRT_ALL to “1” TIE$SHARE will begin producing a trace to
SYS$OUTPUT. If it is inconvenient to have this output written to SYS$OUTPUT, it is
possible to define the logical PRTCHK_FILE to an alternate output file. Not all routines
generate output, but the important ones do. It is also possible to enable interpretation of
all images, even those that had native code generated as part of the translation process.
To do this, define the logical TIE$INTERPRET to “1”. Figure 2 shows a portion of the
output from a simple MACRO-64 program that executes a collection of ZAP and
ZAPNOT instructions. It is annotated to give a brief description of the operations taking
place.



Figure 2 TIE Run-Time Library Trace Output

1. Execution has just transferred to the TIE$AXP_JUMP_TO glue routine.
2. A lookup is being performed on the address 000000000002006C to determine

what kind of code is to be executed.
3. It was determined the code was native Alpha and no equivalent translated code

was found. Therefore the Alpha instruction emulator is called and used to execute
the code.

4. The last instruction to execute was a JSR. The emulator is now determining how
to proceed with execution.

5. The TIE is now looking up the return address specified in the JSR instruction to
determine how to proceed.

Note: AEST also responds to the PRTCHK_PRT_ALL logical and generates quite a bit
of output. Before translating an image it is usually a good idea to deassign this logical.

Alpha Register Mapping
To make it easier to understand some of the Itanium code samples, the following table
shows the static register mapping used by the TIE to maintain the Alpha register file.

Alpha
Register

Usage Itanium Register

R0 Function value register R101
R1 Conventional scratch register R102
R2-R15 Conventional saved registers R54-R67
R16-R21 Argument registers R32-R37
R22-R24 Conventional scratch registers R103-R105
R25 Argument information (AI)

register
R106

R26 Return address (RA) register R68
R27 Procedure value (PV) register R69
R28 Volatile scratch register R107



Alpha
Register

Usage Itanium Register

R29 Frame pointer (FP) register R70
R30 Stack pointer (SP) register R12
R31 ReadAsZero/Sink (RZ) register R01

F0-F1 Floating-point function value
register

F32-F33

F2-F9 Conventional saved registers F16-F23
F10-F15 Conventional scratch registers F34-F39
F16-F21 Argument registers F8-F13
F22-F30 Conventional scratch registers F40-F48
F31 ReadAsZero/Sink register F01

MBPR Mailbox pointer register R72
FPCR Floating-point control register R73
PS Processor status register R74
PC Program counter R75

Internal TIE scratch register R3, R21-R24, R26-R31
Internal TIE local registers R76-R80
Internal TIE translator flag register R82
Internal TIE output registers R108-R115

Table 2 Alpha Register Mapping

If some of these mappings don’t appear to follow a logical order it is because many of
register mappings were changed late in the design of TIE. Originally it was intended that
Alpha registers sharing similar functions as Itanium registers would be mapped together
(as was done with VAX registers on the Alpha platform). However, this was eventually
changed and so now all Alpha registers (with the exception of the stack pointer) exist in
the register stack frame.

The mapping of VAX registers can be found in OpenVMS Alpha Internals and Data
Structures: Scheduling and Process Control. The mappings have been retained, so all
VAX registers map to their original Alpha registers, which in turn map to the equivalent
Itanium register.

Introduction
The Translated Image Environment (TIE) is the support environment which executes user
mode images compiled and linked on OpenVMS VAX and OpenVMS Alpha that have
been subsequently translated for execution on the OpenVMS I64 platform. The

1 Read-only. Writing to Itanium register R0 or F0 results in an Illegal Operation fault.



translation is achieved using the Alpha Environment Software Translator (AEST) and, in
the case of OpenVMS VAX images, the VAX Environment Software Translator (VEST)
binary translation tools. While the VEST translator is only available on OpenVMS
Alpha, it is supported to translate a VEST’d image using the AEST translator.

These translation utilities generate native images that work with the TIE run-time library
to emulate a native OpenVMS Alpha or VAX environment. It is the responsibility of the
translator to present the original image in such a fashion that the TIE run-time library can
then execute the foreign code. In most cases these utilities are able to generate equivalent
native code from the foreign code. It is the branching inside and between these
environments that is the focus of this article.

In some areas VAX support is touched on. However, the main focus of this article is the
support of the Alpha control instructions. The OpenVMS Alpha Internals & Data
Structures manual is still a relevant reference as the TIE, present on OpenVMS Alpha for
the support of the OpenVMS VAX environment, has been ported to OpenVMS I64 with
minimal changes.

Taking a JuMP…
The Alpha architecture presents a collection of closely related control instructions. In the
Alpha Architecture Handbook, these are divided as ‘Conditional Branch’, ‘Unconditional
Branch’ and ‘Jumps’. While this division is important to the TIE, a more relevant way to
divide them is ‘Local’ and ‘Non-Local’.

Although the two types of branch are handled differently in how they obtain their
addresses, all branches within the Alpha environment use the regular conditional branch,
‘br’, instruction. This is because the emulated environment is contained within a regular
OpenVMS I64 frame. The conditional procedure call, or ‘br.call’, instruction is only
used for native calls.

This does make the process of stack walking and unwinding non-trivial. However, by
avoiding a true procedure call the emulated Alpha registers continue to be available
across Alpha calls. There is no need to consider the consequences of the ‘alloc’
instruction and how to maintain context. The only time this needs to be considered is
when switching environments and that is handled by jacketing procedures, discussed later
in this article2.

Local Branches
Local branches are described as those that are capable of branching forward or backwards
a PC relative distance of +/-1M instructions. It also happens that this encompasses all
conditional branch instructions. Table 3 summarizes the local control instructions.

2 See the section ‘Switching Environments’.



Mnemonic Operation
BEQ Branch if Register Equal to Zero
BGE Branch if Register Greater Than or Equal to Zero
BGT Branch if Register Greater Than Zero
BLBC Branch if Register Low Bit is Clear
BLBS Branch if Register Low Bit is Set
BLE Branch if Register Less Than or Equal to Zero
BLT Branch if Register Less Than Zero
BNE Branch if Register Not Equal to Zero
BR Unconditional Branch
BSR Branch to Subroutine

Table 3 Local Alpha Control Instructions

These instructions are usually used within a single object module to handle local
branching. As such when it comes to translating these instructions to a native instruction
sequence there is almost always no execution time lost in the resulting image. This is due
to the fact that the branch target is known at the time of translation. However, if the
destination of these branch instructions cannot be located within the image being
translated then the instruction will be emulated by TIE run-time library via the Alpha
instruction emulator.

For all non-emulated branches a small native instruction sequence is generated. Figure 3
shows the sequence generated by AEST when translating an Alpha BNE instruction, it is
annotated below.

Figure 3 Itanium Code Generated for Alpha BNE Instruction

1. Here the compare part of the BNE instruction is performed.
2. In the event that the comparison yields a positive result, the Alpha PC is set to the

address of the branch target.
3. If the comparison is not true, the Alpha PC is updated to point to the next

instruction, following the BNE instruction.
4. Lastly, the branch is taken if the result was positive.

All other conditional branches are of the same format, simply substituting the relevant
compare instruction relation as necessary.



For the unconditional branches it is even simpler. Figure 4 shows the sequence generated
by AEST for a BSR instruction and is annotated below. The only difference between it
and a BR instruction is that BSR sets up a return address.

Figure 4 Itanium Code Generated for Alpha BSR Instruction

1. Here the emulated Alpha R26 register is configured with the return emulated PC.
2. The emulated Alpha PC is then updated to point to the first instruction of the

destination.
3. Lastly, the branch is taken.

Non-Local Branches
Non-local branches are described as those that take a register argument containing an
absolute address, rather than a PC offset. Table 4 summarises the non-local control
instructions.

Mnemonic Operation
JMP Jump
JSR Jump to Subroutine
RET Return from Subroutine
JSR_COROUTINE Jump to Subroutine Return

Table 4 Non-Local Alpha Control Instructions

The emulation of these instructions does incur quite a bit of overhead as the destination is
assumed to be unknown at translation time. This means that these instructions cannot be
handled with a small instruction sequence like local branches. It requires support from the
TIE run-time library. This comes in the form of the routine TIE$AXP_JUMP_TO. This
routine is the first stop on all non-local branches with the exception of JSR. All JSR
instructions first branch to TIE$AXP_JSR_TO before falling through to the routine,
TIE$AXP_JUMP_TO.

JSR instructions require special pre-processing by TIE$AXP_JSR_TO because in some
cases the destination PC for input to the JSR instruction is fetched from a procedure
descriptor (see Figure 5b) and not a linkage pair (see Figure 5a). This causes problems
when the destination is a native routine as the procedure value register then points to a
native function descriptor (see Figure 5c). As can be seen from the illustrations there is
no problem in the instance of a function descriptor being mistaken for a linkage pair as
the offset to the address of the procedure entry point is the same. However, in the case of
the function descriptor being mistaken for a procedure descriptor the global data pointer



(GP) for the native image is then loaded and used as the destination PC. Figure 6
compares the two instruction sequences.

LKP$Q_ENTRY :0

LKP$Q_PROC_VALUE :8

:0

PDSC$Q_ENTRY :8

a. Alpha Linkage Pair b. Alpha procedure
descriptor (extract)

FDSC$Q_ENTRY :0

FDSC$Q_GP :8

c. I64 Simple Function Descriptor

Figure 5 Alpha and I64 Procedure Descriptors

To remedy this when the TIE walks the list of activated images
(IAC$GL_IMAGE_LIST) during initialisation gathering details for its own internal list
of native images, it also gathers up the GPs and caches them in another list
(TIE$CACHED_GPs). When TIE$AXP_JSR_TO is called it attempts to match the
destination PC with an entry in this list. If a match is found, then the destination PC is
altered by fetching the real entry point address from the function descriptor pointed at by
the Alpha register, R27 (procedure value register). At this point TIE$AXP_JSR_TO then
falls through to TIE$AXP_JUMP_TO and continues as normal.

LDQ R27, 20(R27) ; Fetch procedure
descriptor
LDQ R26, 08(R27) ; Fetch procedure entry
point
JSR R26, (R26) ; Call procedure

LDQ R26, 20(R4) ; Fetch procedure entry
point
LDQ R27, 28(R4) ; Fetch procedure
descriptor
JSR R26, (R26) ; Call procedure

Figure 6a. Fetching Entry Point From Descriptor b. Fetching Entry Point From Linkage Pair

Once the address lookup has been performed, TIE$AXP_JUMP_TO then transfers
control appropriate to the type of address being branched to. This may mean starting the
Alpha instruction emulator, calling a native routine, branching to another translated
Alpha routine or to a pseudo image.

Finding A Place To Go
Jumping to an address may be one thing. However, locating that address to determine
how to jump is entirely something else. For the Alpha environment, all call address
lookups go through the routine TIE$XXXX_LOOKUP. For the VAX environment the
equivalent routine is TIE$VESTED_LOOKUP. It is these routines that have the job of
determining what kind of code is at the specified address and locating any translated code
that may be associated with it.

For the rest of this section, TIE$XXXX_LOOKUP refers to both the Alpha environment
TIE$XXXX_LOOKUP and the VAX environment TIE$VESTED_LOOKUP, unless
otherwise specified.



Performing the Lookup
An address lookup begins with TIE$XXXX_LOOKUP first checking that the address
being looked up is not the special return address used when returning from native code.
In this case the lookup terminates with a return status of TIE$CODE_N2T_RETURN and
the caller (usually TIE$ALPHA_TO_IPF or TIE$VAX_TO_IPF) will then begin the
process of translating arguments back to their respective environments.

The lookup continues by first checking that this address has not previously been
requested. This is done by checking the lookup cache (TIE$GR_LOOKUP_CACHE).
To speed up the process of looking up a call address, all successful address lookups and
their results are stored in a 4096 entry hash table. This table is managed using the FNV-
1a3 hash algorithm. In the event that no match is found the lookup routine begins walking
internal TIE data structures.

The process starts by first looking up the list of pseudo images loaded by the TIE during
initialization. A pseudo image, as the name implies, is not a real image. It exists only as
a collection of data structures in memory. Its purpose is to allow the native TIE to
intercept lookups by translated or emulated code to TIE routines from previous TIE
environments, such as the TIE$SHARE image used to support the VAX environment
under OpenVMS Alpha. An example of this is the substitution of the OpenVMS Alpha
routine OTS$CALL_PROC with the internal TIE service,
TIE$$AXP_OTS$CALL_PROC. The original OTS$CALL_PROC from OpenVMS
Alpha has no relevance on OpenVMS I64, so the TIE$$AXP_OTS$CALL_PROC
service has been written to act as a substitute. It is simply a wrapper that jumps to
TIE$AXP_JUMP_TO.

Figure 7 TIE Pseudo Image Data Structures

Like almost all internal image data blocks the list of pseudo images is stored in a B-tree.
The root of this tree is TIE$PAXP_IMG_DESC_ROOT. Each node in the tree contains a
pointer to a TIE pseudo image header (see Figure 7a). These structures are queried using

3 See the section ‘For more information’ for details of the Fowler Noll Vo hash algorithm.


