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0 Overview

The LCBT module was designed for testing and regression testing of the LCB board and its associated driver/firmware. 

The drivers for the LCB board are contained in the LCBD package. It has two drivers:

· LCBD – driver used in standard multi-threaded environment. This driver is used by both the SIU and EPU in their normal operation. 

· LCBB – boot driver used in single threaded environment. This driver will be used by the EPU to receive messages from the SIU in its boot phase.

The LCB board contains two FPGA’s with firmware:

· Pci FPGA – controls the PCI interface to the mv2304 or Rad750 CPU.

· Latp FPGA – controls the LATP interface to other LAT boards

The LCBT module is designed to:

· Test the LCB board during FPGA development.

· Provide a regressive test for LCB testing when FPGA’s or driver changes are implemented.

· Provide a “burn-in” test for new LCB boards.

· Provide testing on both the PMC (used with mv2304) and cPci (used with rad750) version of the LCB board

1 Files and Setup

1.0 Public Include Files 

The public include files required to use LCBT as a software module are:

· LCBT.h – contains defines and prototypes for all useful public routines, this is the one H file to include when using LCBT

· LCBT_initBoard.h – although required (included by LCBT.h), the init routine defined here is only used when not using PIG to init the system

· TDATA.h – This provides defines and prototypes for the TDATA module which creates and checks a self-describing test data packet. The defines specifying the type of test data to create are used in various tests within LCBT.

1.1 Libraries used by LCBT 

The LCBT module must be linked with the following libraries:

· PBS  - pbs

· MSG  - msg_mt, msg_print

· LIMP - msg_start
· CCSDS – ccsds_pkt

· LCBD – lcbt OR lcbb


1.2 Libraries (Constituents)

The libraries (constituents) created by the LCBT package are:

· Lcbt – Module of test routines for testing the LCB board with the standard LCBD driver.

· lcbbEcho – Module to test the boot LCB driver (lcbb) by implementing a single threaded echo server using the driver. The intent is to run this routine on an EPU while running lcbt on an SIU. The SIU can send test events to the EPU, which will be echoed back to the SIU for comparison.

· ssrsim – Module to create data to simulate the SSR output of ISIS. This module creates self-describing TDATA packets and sends them to the SSR port of the GASU at specified sizes, rates, and data patterns. It is shipped with the ISIS system.

· trace – module to implement a circular trace buffer to use for debugging and performance evaluation

· test_ssrsim – host based program to run the ssrsim module, operation is confirmed using the trace module for proper operation

· test_tdata – host based program to test all the test pattern types that can be created with the TDATA module, TDATA is used by both lcbt and ssrsim

1.3 Hardware Requirements

1.3.0 Mv2304 Test Stand with PMC LCB 

1.3.0.0 Use of  loopback cable and transition board for event loopback


[image: image2]
This configuration uses a special cable that feeds the event lines back into the LCB. The setup can be used to exercise the event fabric but cannot be used to exercise the external cmd/response fabric (since there are no cmd/response registers to access). 

Since there is currently only one (or two??) of these cables, it is not a standard configuration but can be enabled as the last parameter on the LCBT_testAll() call. (This parameter just forces the event tests to be run.)
1.3.0.1 Use of  GASU for event loopback


[image: image3]
This is a standard configuration. The actual LCB board used is different between the two processors. The mv2304 uses the PMC version of the LCB board while the Rad750 uses the cPci version. All the tests in LCBT_testAll () can be run with this configuration. The cmd/response fabric is exercised by read/writing registers in the GASU (CRU and EBM) and optionally in the TEM.

1.3.1 Two CPU Setup


[image: image4]
The standard LCBT_testAll() can be also be used with this configuration. By default, the event tests will route event data to the GASU and back to the originating LCB. In addition, the two CPU setup can be used for the following tests:

· Event Echo Tests – One CPU sends events to the other with a protocol=3. The receiving CPU will echo the event data back to the originating CPU with a protocol=2 so it will do a compare on the data. The event tests assume this case when the given latpAddr does not match the CPU sending the event.

· LcbbEcho test – This is similar to the echo tests except that the echo CPU is loaded with the LCBB boot driver and lcbbEcho library. The echo server runs as above except using a single threaded polled driver (LCBB) instead of the normal code. This configuration is for testing the LCBB driver.

· Null Descriptor test – The commander CPU/latpAddr can write to the LatpCsr on another CPU. When this occurs, a Null event descriptor is produced on the CPU being written to. The LCBT module sets up a callback on the NULL descriptor to print that a NULL descriptor has been received.

The TEM is optional and works in the same way as the single CPU case.

It should be noted that the cable connections on the GASU are specific to particular SIU and EPU units (i.e. their latpAddr). The latpAddr needs to be setup to match the latpAddr of the hardware port for proper operation.

2 LCBT Setup and Init

2.0 Note on Event Protocol Numbers

The event fabric handles 4 flavors of data called protocols. The LCBD driver allows one to specify a unique event handler callback for each of these protocols.  

The normal operating software uses the protocols as follows:

· Protocol = 3  Reserved

· Protocol = 2  ITC communication messages

· Protocol = 1  Data from hardware like TEMs, ACD, GEM , etc…

· Protocol = 0  Used for boot

The LCBT system uses these differently as it never expects to be running the same time as normal flight software. By default, the LCBT_init() sets up the following servers on events by protocol:

· Protocol = 3- Events received with this protocol will be echoed back to the sender with a protocol of 2. 
· Protocol = 2 – Events received with this protocol will assumed to be self-describing data packets (TDATA). The will be tested for integrity and any incorrect or unexpected data will be noted with error messages.
· Protocol = 1 or 0 – Events received with this protocol will just print an unexpected event message.

2.1 Software Setup (with PIG)

The most common use of LCBT is with the PIG package, which is used to setup the hardware configuration. The LCBT module can be loaded as follows: 

Note that any of these routines can be called from VxWorks with no arguments and they will have default values.

0 #include “LCBT/LCBT.h”

// init the PIG module

1 Pdu = 0;

redundant = 0;  // primary fabric
cptMask = 4;    // EBM

PIG_lcb_start (0, redundant)  // 0=SIU0(latpAddr=0x22

PIG_links (pdu, cptMask)

// init LCBT but give it the LCBD driver pointer (to prevent init)

2 LCBT_init (0,0,LCBD_get());

3 // setup LCBT configuration, will limit LCBT_testALl to proper test

haveGasu = 1;

haveTem  = 0;

LCBT_setCfg (haveGasu, haveTem);

// run basic test

int num     = 0;  // defaults to 100

int nLoops  = 0; // defaults to 1

int latpAddr= 0; // dest addr for events, 0=self

int loopbackCable=0;

4 LCBT_testAll(num, nLoops, latpAddr, loopbackCable);
Figure 1
Setting up LCBT with PIG module

Notes:

0. include file for LCBT routines, also need to link with liblcbt.o

1. use the PIG module to setup the GASU

2. init LCBT module, if give the LCBD handle it will not try to init LCBD driver

3. Configure LCBT. This applies only to  LCBT_testAll(). It causes LCBT_testAll() to run only those test that apply to the configurations. If running tests individually, one may start inappropriate test (although they might not work.).

4. Overall regression test. Default is to run every test once with 100 accesses each. (The definition of an access varies somewhat over tests.)
2.2 Minimum Software Setup (without PIG)

A typical setup of the LCBT module directly would be as follows:

Note that any of these routines can be called from VxWorks with no arguments and they will have default values.

5 #include “LCBT/LCBT.h”

// init LCBT and the LCBD driver

int latpAddr = 0;     // use current latpAddr in csr

int fabricSelect = 0; // 0=primary, 1=redundant

int lcbd = NULL;      // NULL=init the driver

6 LCBT_init (latpAddr, fabricSelect, lcbd);

     // setup the GASU (optional if already init)

7 LCBT_initGasu()

     // determine LCBT configuration by trying to read GASU

8 LCBT_determineHw()

// run basic test

int num     = 0;  // defaults to 100

int nLoops  = 0; // defaults to 1

int latpAddr= 0; // dest addr for events, default to self

int loopbackCable=0;

9 LCBT_testAll(num, nLoops, latpAddr, loopbackCable);
Figure 2
Setting up LCBT module directly

Notes:

5. include file for LCBT routines, also need to link with liblcbt.o

6. init the LCBT and LCBD module 

7. init the GASU, this is usually done once after its turned on so it can be optional

8. Determine configuration by trying to read GASU and TEM. This configuration is used only by the LCBT_testAll routine to limit it to appropriate tests.

9. Overall regression test. Default is to run every test once with 100 accesses each. (The definition of an “access” varies somewhat over tests.)
3 Routines/Tests

The LCBT package is run on the VxWorks real-time operating system. It can be run either as a callable library or thru the VxSHell program that allows the user to call individual routines.  Since the VxSHell will pass in a zero for any non-specified parameter, a zero is considered to be requesting the default value. Most, if not all, of the LCBT routines can run from VxSHell with no parameters or a subset of parameters where the unspecified parameters will use the default value.

3.0 Init and Setup Routines

These routines are used to setup and init the LCBT modules. Examples of their use have been described earlier in the document.

LCBT_init (int latpAddr, int useRedundantPath, LCBD lcb)

This inits the LCBT module. It can also optionally startup the LCBD driver.

The parameters are:

· int latpAddr – latp address of this board
· int useRedundantPath – 1=use redundant fabric, 0=use primary fabric
· LCBD lcb – if NULL init the LCBD driver, otherwise assume the driver is already been init
LCBT_determineHw()

This routine determines the presence of GASU and TEM by trying to read them. It then calls LCBT_setCfg() to setup LCBT for the proper hardware. The problem with this routine is that it will not detect a broken piece of hardware since it assumes that non-answering piece hardware is not present.

LCBT_initGasu()

This inits the GASU to the minimum setting needed by LCBT. Usually this operation is done by the PIG module and should only be used if NOT using PIG. 

LCBT_setCfg (int haveGasu, int haveTem) 

This sets the LCBT module to expect the given hardware configuration. If hardware presence is specified and that hardware is not operable, LCBT will produce errors trying to access the hardware.

The parameters are:

· int haveGasu – 0=no gasu, 1=a GASU is connected to the LCB 
· int haveTem – 0=no TEM, 1=a TEM is connected to the GASU or connected via a transition board.
3.1 Option Masks

The LCBT tests can be run with several overall options that are set thru a mask. The routines to set or determine these values are:

Void LCBT_setOption (unsigned int optionMask)

Unsigned int LCBT_getOption ()

Setup an option mask used within the LCBT test routines.

The optionMask settings are:

· LCBT_OPTION_BUSYPRINT=1 - print count every 1000 accesses 

· LCBT_OPTION_VERBOSE  =2 - lots of printouts

· LCBT_OPTION_FOREVER  =4 - ignore count and loop forever in some tests

· LCBT_OPTION_INCTESTPARM=0x10 - increment test parm every loop

· LCBT_OPTION_COMPARE_FOR_ECHO=0x20 - use compare server for echo server, this is useful when one wants to send event data from one CPU to another and test the data for integrity on the receiving CPU rather than echo it back (the default behavior)

· LCBT_OPTION_RLCL_ADDR=0x40 - print cmd and rst list pointers in event test 

The most useful are the BUSYPRINT (=1) and VERBOSE (=2). BUSYPRINT is used when sending a large number of events but one wants to get some feedback from the test. VERBOSE should only be used with short tests.

3.2 TDATA – Self Describing Test Data Packet

The TDATA module creates and checks a self-describing data packet. This allows one to create data on one machine and checks its integrity on another with passing addition info from the creator machine.

Each TDATA packets contains the following:

· 14 bytes - optional CCSDS header, default AppId=0x3bf 

· Four 16b words of TDATA header

· unsigned short lenIn16b- length in 16b words of this header plus data buffer to follow (does not include length of optional CCSDS packet or 32b synch word before CCSDS)

· unsigned short  where

· top unsigned byte checksum - checksum of header

· bottom unsigned byte testType - type of test data packet (see below)

· unsigned short testParm - parameter related to test data packet type

· short taskId - id of producing task (to differentiate between different senders)

· 2*lenIn16b bytes of data buffer

The testType and testParm values are used throughout the LCBT module for setting up test data sequences. The available test data sequences are:

· testType= TDATA_DTEST_INCREMENT =0 where testParm = 16b start value that is incremented on each 16b word

· testType=TDATA_DTEST_CONSTANT=1where testParm = 16b constant value to be repeated as data

· testType= TDATA_DTEST_RANDOM =2 where testParm = seed value for random generator, values are 16 bit
· testType= TDATA_DTEST_WALK1 = 3 where testParm = 8=walk on bytes, 16=walk on 16b words, 32=walk on 32b words

· testType= TDATA_DTEST_TRANS01 = 4 where testParm of bits of 0's before all 1's in each packet

· testType= TDATA_DTEST_TRANS10 = 5 where testParm of bits of 1's before all 0's in each packet

· testType= TDATA_DTEST_TASKID = 6 where testParm is not used, all data is the lower 16b of the taskId
3.3 Simple Overall Regression Tests, LCBT_testAll

These are overall regression test that run all the normal tests. New tests will be added to these routines as they are developed.

The tests performed within these routines are determined by the hardware configuration setup by the LCBT_setCfg() call.  

The following tests are done as part of the regression test:

· 4 versions of LCBT_localRegTest() with different data sequences – These test the local PCI accessible registers.

· 1,2, and 3 thread version of LCBT_cmdLocalTest – These tests the Latp side register on the LCB that require a DMA to access.  

· 4 versions of LCBT_cmdExternalTest with different data sequences, single register access per list – These test registers accessed over the cmd/response fabric.

· 4 versions of LCBT_cmdExternalTest with different data sequences, multiple register access per list – These test registers accessed over the cmd/response fabric.

· 6 versions of LCBT_eventTest with different data sequences – These tests the event fabric.

· LCBT_eventTest2  (2 thread version) - This tests the event fabric.

· LCBT_eventTest3 (3 thread version) - This tests the event fabric.

· 2 versions of LCBT_eventTest5 (5 thread version) with different data sequences - These test the event fabric under heavy load.

· LCBT_comboTest with event test and local register test running concurrently – This tests  sending events, accessing local Latp registers, and receiving events at the same time.

· 2 versions of LCBT_fillQueueTest stalling the data at different points in the queues – This tests that the queues in the LCB board can be filled properly and the driver handles this case properly.

· 5 versions of LCBT_eventFillTest with different fill levels – This tests that the proper interrupts occur when the event buffer becomes full.

LCBT_testAll (int num, int numLoops, int latpAddr, int loopbackCable)

LCBT_testAllEpu (int num, int numLoops, int latpAddr, int loopbackCable)

Run all the LCBT tests in the test suite on an LCB board. It can be setup to loop thru the test suite a number of times.

The Epu version is the same test but defaults skips command/response fabric tests since they can only be done by a commander (i.e. the SIU).

The parameters are:

· int num – number of access per each test in the loop, default is 100 for a quick test, values of 1000 to 10000 are probably more appropriate for a good test.
· int nLoops – number of times to loop thru the whole test suite
· int latpAddr - address of board to send events to, 0=self

· int loopbackCable – 1=using special loopback cable for event loopback, 0=using GASU for event loopback (If set, this parameter will just force all the event tests to be run.)
A typical output from running this test is as follows:

Note that any of these routines can be called from VxWorks with no arguments and they will have default values.

-> LCBT_testAll

Local PCI Register Tests
       LocalReg Test(100 accesses): rErrs=0  wErrs=0 dataErrs=0
       LocalReg Test(100 accesses): rErrs=0  wErrs=0 dataErrs=0
       LocalReg Test(100 accesses): rErrs=0  wErrs=0 dataErrs=0
       LocalReg Test(100 accesses): rErrs=0  wErrs=0 dataErrs=0

Local Cmd/response Register Tests (note:READ only test)
       num=100 rErr=0 wErr=0 cErr=0
Multiple Task Test - 2 tasks doing Local Cmd/Response Reg
        num=200 rErr=0 wErr=0 cErr=0
Multiple Task Test - 3 tasks doing Local Cmd/Response Reg
        num=300 rErr=0 wErr=0 cErr=0

External Cmd/response Register Tests (single reg access per DMA)
        num=100 rErr=0 wErr=0 cErr=0
        num=100 rErr=0 wErr=0 cErr=0
        num=100 rErr=0 wErr=0 cErr=0
        num=100 rErr=0 wErr=0 cErr=0

External Cmd/response Register Tests (multi-reg access per DMA)
        num=100 rErr=0 wErr=0 cErr=0
        num=100 rErr=0 wErr=0 cErr=0
        num=100 rErr=0 wErr=0 cErr=0
        num=100 rErr=0 wErr=0 cErr=0

Local Event Watermark Tests
        Watermark  innterrupt=NotEmpty  passed.
        Watermark  innterrupt=25% full  passed.
        Watermark  innterrupt=50% full  passed.
        Watermark  innterrupt=75% full  passed.
        Watermark  innterrupt=CircFull(25% full)  passed.
        Watermark  innterrupt=CircFull(50% full)  passed.
        Watermark  innterrupt=CircFull(75% full)  passed.
        num=1 (x7 test settings)  err=0


Local Loop-back Event Tests
       eventTest (1 task) -  dataTest=TDATA_DTEST_INCREMENT  parm=0x1234
       Events Sent:      num=100  words=53752  done=100
       Events Recv:      num=100  words=55104  truncated=4
       Time: 0.359 sec  SendBW= 598 KBs RecvBW= 613 KBs
       Events:  num=100 rErr=0 wErr=0 cErr=0

   eventTest (1 task) -  dataTest=TDATA_DTEST_CONSTANT  parm=0xa5a5
       Events Sent:      num=100  words=49188  done=100
       Events Recv:      num=100  words=50592  truncated=3
       Time: 0.339 sec  SendBW= 580 KBs RecvBW= 596 KBs
       Events:  num=100 rErr=0 wErr=0 cErr=0
   eventTest (1 task) -  dataTest=TDATA_DTEST_RANDOM  parm=0x1234
        Events Sent:      num=100  words=53752  done=100
        Events Recv:      num=100  words=55104  truncated=4
        Time: 0.359 sec  SendBW= 598 KBs RecvBW= 613 KBs
        Events:  num=100 rErr=0 wErr=0 cErr=0
    eventTest (1 task) -  dataTest=TDATA_DTEST_WALK1  parm=0x20
         Events Sent:      num=100  words=50692  done=100
         Events Recv:      num=100  words=52288  truncated=3
         Time: 0.359 sec  SendBW= 564 KBs RecvBW= 582 KBs
         Events:  num=100 rErr=0 wErr=0 cErr=0
    eventTest (1 task) -  dataTest=TDATA_DTEST_TRANS01  parm=0x100
         Events Sent:      num=100  words=50740  done=100
         Events Recv:      num=100  words=52000  truncated=3
         Time: 0.359 sec  SendBW= 565 KBs RecvBW= 579 KBs
         Events:  num=100 rErr=0 wErr=0 cErr=0
    eventTest (1 task) -  dataTest=TDATA_DTEST_TRANS10  parm=0x100
         Events Sent:      num=100  words=50740  done=100
         Events Recv:      num=100  words=52000  truncated=3
         Time: 0.359 sec  SendBW= 565 KBs RecvBW= 579 KBs
         Events:  num=100 rErr=0 wErr=0 cErr=0


     Multiple Task Test - 2 tasks doing Loopback Event
         eventTest (2 task) -  dataTest=TDATA_DTEST_INCREMENT  parm=0x5678
         Events Sent:      num=200  words=102792  done=200
         Events Recv:      num=200  words=105664  truncated=8
         Time: 0.419 sec  SendBW= 981 KBs RecvBW=1008 KBs
         Events:  num=200 rErr=0 wErr=0 cErr=0


Multiple Task Test - 3 tasks doing Loopback Event
         eventTest (3 task) -  dataTest=TDATA_DTEST_INCREMENT  parm=0x9abc
         Events Sent:      num=300  words=154728  done=300
         Events Recv:      num=300  words=158976  truncated=9
         Time: 0.519 sec  SendBW=1192 KBs RecvBW=1225 KBs
         Events:  num=300 rErr=0 wErr=0 cErr=0


Multiple Task Test - 5 tasks doing Loopback Event - TDATA_DTEST_INCREMENT
         eventTest (5 task) -  dataTest=TDATA_DTEST_INCREMENT  parm=0x9abc
         Events Sent:      num=500  words=257880  done=500
         Events Recv:      num=500  words=264960  truncated=18
         Time: 0.699 sec  SendBW=1475 KBs RecvBW=1516 KBs
         Events:  num=500 rErr=0 wErr=0 cErr=0


Multiple Task Test - 5 tasks doing Loopback Event - TDATA_DTEST_RANDOM
         eventTest (5 task) -  dataTest=TDATA_DTEST_RANDOM  parm=0x9abc
         Events Sent:      num=500  words=257880  done=500
         Events Recv:      num=500  words=264960  truncated=18
         Time: 0.699 sec  SendBW=1475 KBs RecvBW=1516 KBs
         Events:  num=500 rErr=0 wErr=0 cErr=0


Multiple Task Test - 2 tasks - Cmd/Response Reg and Loopback Event
        event/cmdLocal (2 task) -  dataTest=TDATA_DTEST_INCREMENT  parm=0x9abc
        Events Sent:      num=100  words=51576  done=100
        Events Recv:      num=100  words=52992  truncated=2
        Time: 0.359 sec  SendBW= 574 KBs RecvBW= 590 KBs
        Events:  num=300 rErr=0 wErr=0 cErr=0


Fill Queue Tests - to DmaEngine
    Fill Queue Test (Req and Result Queue) : num=100 errs=0
Fill Queue Tests- to ResultQ
    Fill Queue Test (Req Queue)            : num=100 errs=0

Fill Buff Tests
    num=1   err=0  (964 of size32=128,free=0x63e0)
    num=1   err=0  (780 of size32=160,free=0x6468)
    num=1   err=0  (565 of size32=224,free=0x6498)
    num=1   err=0  (268 of size32=480,free=0x6508)
    num=1   err=0  (131 of size32=992,free=0x6590)

LCB test loop=1
  totalAccess    = 4200
  readErrs       = 0
  writeErrs      = 0
  compareErrs    = 0


LCB FULL test completed
  totalAccess    = 4200
  readErrs       = 0
  writeErrs      = 0
  compareErrs    = 0
  watermark Errs = 0
  fillQueue Errs = 0
  fillBuff  Errs = 0

TOTAL ERRORS DETECTED = 0

value = 0 = 0x0
Figure 3
Typical Output for LCBT_testAll

3.4 Individual Module Tests included within LCBT_testAll

Most of the routines described below are called as part of the LCBT_testAll() regression test. They can also be called individually to test particular parts of the LCB board.

LCBT_localRegTest (int num, TDATA_DTEST testType, unsigned int testParm)

Read/write/compare test on all PCI accessible registers on LCB board. These registers include PciCsr, EventFree, EventQueue, and ResultsQ. The EventBase register is not accessed since it will cause a TargetAbort if events are enabled or if anything in the event queue.

The parameters are:

· int num – number of loops thru the test where each of the registers is written, read, and checked.
· TDATA_DTEST testType – type of data sequence to use
· unsigned int testParm – parameter associated with testType
LCBT_cmdLocalTest(int num, TDATA_DTEST testType, unsigned int testParm)

Read-only test on LCB local registers (internal to the LCB board) on the Latp side of the board. These register require a Cmd list DMA to read. These register include the LatpCsr and the FifoFault register. No writes are done in this test since it is difficult to write data to these registers that will not effect board operation.

The parameters are:

· int num – number of loops thru the test where each of the registers is written, read, and checked.
· TDATA_DTEST testType – type of data sequence to use
· unsigned int testParm – parameter associated with testType
LCBT_cmdLocalTest2(int num, TDATA_DTEST testType, unsigned int testParm)

LCBT_cmdLocalTest3(int num, TDATA_DTEST testType, unsigned int testParm)

These are multiple thread test of LCBT_cmdLocalTest. The test can be run on either 2 or 3 threads simultaneously. They are used  to insure that the hardware/driver can handle multi-task access of the registers.

The parameters are:

· int num – number of loops thru the test where each of the registers is written, read, and checked.
· TDATA_DTEST testType – type of data sequence to use
· unsigned int testParm – parameter associated with testType
LCBT_cmdExternalTest(int num, int singleAccess, TDATA_DTEST testType,         unsigned int testParm)

This test does a write/read/compare over the command response fabric to registers in the GASU and/or TEM.  Only registers in the CRU, EBM, and TEM that do not directly effect operation are used (usually masks). The register values are saved before and restored after the test. The available registers are determined by the calls to LCBT_setCfg() or LCBT_detremineHw(). 

The parameters are:

· int num – number of loops thru the test where each of the registers is written, read, and checked.
· singleAcess – If 1, each register access is a single command list with one access. If 0, each command list contains an access to every register being accessed. 
· TDATA_DTEST testType – type of data sequence to use
· unsigned int testParm – parameter associated with testType
LCBT_eventTest

This test does a test on the event fabric. It expects that the LCB be connected to a GASU or that a special loopback cable is connected to the LCB. The event can be directed back to itself (default) or can be directed to another CPU which will echo it back.

This test sends out self-describing data packets on the event fabric. It expects that LCBT_init() has already setup the event receive callbacks so that data received on protocol=2 with be tested to determine if the self-describing data packet is consistent.

The parameters are:

· int num – number of events to send

· int maxLen - max event size in int32 (4 to 1020), 0 will set to maximum size

· int latpAddr - address of board to send events to, 0=self

· int randomLen - 1=packet range from 4 to maxEvtSize, 0=packets are all maxEvtSize

· int ccsds - 1=put CCSDS header on data sent out as event, 0=no CCSDS header

· TDATA_DTEST testType – type of data sequence to use
· unsigned int testParm – parameter associated with testType
LCBT_eventTest2 (…as above…)

LCBT_eventTest3 (…as above…)

LCBT_eventTest5 (…as above…)

These are multiple thread versions of the LCBT_eventTest. The event test can be run simultaneously from 2, 3, or 5 threads. These are used to push the LCB board to near it maximum output bandwidth (20 MHz * 1 bit = 20 Mbps = 2.5 MB/s). 

The parameters are:

· int num – number of events to send

· int maxLen - max event size in int32 (4 to 1020), 0 will set to maximum size

· int latpAddr - address of board to send to, 0=self

· int randomLen - 1=packet range from 4 to maxEvtSize, 0=packets are all maxEvtSize

· int ccsds - 1=put CCSDS header on data sent out as event, 0=no CCSDS header

· TDATA_DTEST testType – type of data sequence to use
· unsigned int testParm – parameter associated with testType
LCBT_comboTest (…as above…)

This multiple thread test runs the LCBT_eventTest and LCBT_localCmdRegTest at the same time on separate threads to test the driver/hardware for this multiple user operation. 

The parameters are:

· int num – number of events to send

· int maxLen - max event size in int32 (4 to 1020), 0 will set to maximum size

· int latpAddr - address of board to send to, 0=self

· int randomLen - 1=packet range from 4 to maxEvtSize, 0=packets are all maxEvtSize

· int ccsds - 1=put CCSDS header on data sent out as event, 0=no CCSDS header

· TDATA_DTEST testType – type of data sequence to use
· unsigned int testParm – parameter associated with testType
LCBT_eventSendDelay (int delayNanoSec)

This routine sets a delay between event sends in all event tests. Normally there is no delay between event sends (i.e. next event send starts as soon as DMA for previous has completed). This parameter is used by LCBT_eventTest, LCBT_eventTest2, LCBT_eventTest5, LCBT_eventWatremark, and LCBT_comboTest.

The parameters are:

· int delayNanosec – nanoSec delay between eventSend on each eventSend thread

LCBT_eventWatermarkTest (int num, int latpAddr)

This routine determines that the watermark setting on the event queue work properly. The watermark setting sets how full the event buffer needs to be before an interrupt happens to process the event data. 

Each test checks for an interrupt in 7 different cases:

1. Event Queue not empty and event buffer not full

2. Event Queue 25% full and event buffer not full

3. Event Queue 50% full and event buffer not full

4. Event Queue 75% full and event buffer not full

5. Event Queue 25% full and event buffer full

6. Event Queue 50% full and event buffer full

7. Event Queue 75% full and event buffer full

In the event buffer full case, the buff full interrupt will occur before the event queue interrupt. 

The parameters are:

· int num – number of times thru the test (where each test is the 7 cases described above)
· int latpAddr - address of board to send to, 0=self

LCBT_fillQueueTest (int numLoop, intdisableResultInt)

This test is used to test the HW and driver to make sure it can handle the filling the request queue. In this case the driver should put the requests on a software list when the HW queue fills and then submit to the HW as the HW finishes other requests. The two test cases are:

· disableResult=0  This should fill up request queue and all queues before the transfer engine

· disableResult=1  This should fill up Request queue and all queues before and after the transfer engine, and the result queue.

The parameters are:

· int num – number of times thru the test 
· int disableResultInt – which of the two cases described above 
LCBT_eventFillTest(int num, int latpAddr, int buffSize32, int printInfo)

This tests the event buffer full interrupt by filling the event buffer but not freeing the buffer. It checks that the proper interrupt sequence occurs when the last event is added to causes it to go full.

The parameters are:

· int num – number of times thru the test 
· int latpAddr - address of board to send to, 0=self

· int buffSize32 - buffSize to send, must be multiple of 32 to match EBM, min is 128
· int printInfo – if 1, print irq and other info while processing
3.5 Special Tests not in LCBT_testAll

LCBT_resetTest (int numPer)

This test was developed to reproduce a problem seen with LatFpga < 0x5d on the cPci LCB board. The problem was that the discrete fifo's failed to be reset properly if there was no 20 MHz clock from the GASU (i.e. GASU was not yet powered up).

This test requires USER INTERACTION to turn off/on the 20 MHz clock (usually by powering the GASU on and off).

The fix in LatFpga=0x5d allows this test to run successfully without errors. 

The parameters are:

· int numPer – number of access item per each of the 4 parts of the test, default and max is 3

3.6 Convenience Routines

The routines described here are useful for accessing registers from the VxSHell.

3.6.0 Register Access

Note that these routines allow direct access to registers which could disrupt proper LCBD driver operation.

See the LCB hardware manual for bit definitions on these registers.

LCBT_latReset (int stall)

Send a LAT reset to the fabric and stall given number of 20MHz clock tics. One will need to send out LAM commands after this reset.

LCBT_lam (int latpAddr)

Send a LAM (Look At Me) command to the given latpAddr.

LCBT_setSiu (int idx)

Set the current LCB board to latpAddr = 0x22+idx which are addresses for SIU0, SIU1,…

LCBT_setEpu (int idx)

Set the current LCB board to latpAddr = 0x24+idx which are addresses for EPU0, EPU1,…

LCBT_regs()

Read and print all local registers (PCI and Latp) on LCB.

LCBT_readCsr

Read and print PCI Control Status Register

LCBT_readIrq

Read and print IRQ register (interrupt status)

LCBT_readEventBase

Read and print event base register.

LCBT_readEventFree

Read and print event free register.

LCBT_readEventQ

Read and print the event queue register. Note that this operation will foul up proper driver operation since it removes the value from queue.

LCBT_readResultQ

Read and print the result queue register. Note that this operation will foul up proper driver operation since it removes the value from queue.

LCBT_readRequestQ

Read and print the result queue register. Note reading this register only indicates if the queue is full or not.

LCBT_readLatpCsr

Read and print the Latp Control Status register. This requires a DMA to the LCB board.
LCBT_readFifoFault

Read and print the fifo fault register. This requires a DMA to the LCB board.
LCBT_readFabricSelect

Read and print the fabric select register. This requires a DMA to the LCB board.
LCBT_readStats

Read and print the event stat register

LCBT_readHwInfo

Read and print the PCI HW information

LCBT_writeCsr (unsigned int data)

Write the PCI Control Status register.

LCBT_writeIrq (unsigned int data)

Write the IRQ (interrupt) register.

LCBT_writeEventBase (unsigned int data)

Write the event base register.

LCBT_writeEventFree (unsigned int data)

Write the event free register.

LCBT_writeFabricSelect (unsigned int data)

Write the fabric Select register.

LCBT_writeLatpCsr (unsigned int data)

Write the Latp Control Status Register. This requires a DMA to the LCB board.
LCBT_writeFifoFault (unsigned int data, unsigned int mask)

Write the fifo fault register to clear it. This requires a DMA to the LCB board.
LCBT_writeStats (unsigned int data, unsigned int mask)

Write the stats register to clear it. This requires a DMA to the LCB board.
LCBT_setWatermark (unsigned int val)

Set the watermark field in the PciCsr register.

3.6.1 Cmd/Response Fabric Access

These routines allow simple single register access to register on other boards (EBM, TEM, etc…) over the command/response fabric.

LCBT_readReg(unsigned int latpAddr, int block, int reg, unsigned int *val)

Read register over command response network where parms are:

· Unsigned int latpAddr – addr of destination board

· Int block – block number on board, set to zero on boards where does appy

· Int reg – register number on board

· Unsigned int *val – return 32 bit value of the register read

LCBT_writeReg(unsigned int latpAddr, int block, int reg, unsigned int val)

Write register over command response network where parms are:

· Unsigned int latpAddr – addr of destination board

· Int block – block number on board, set to zero on boards where does appy

· Int reg – register number on board

· Unsigned int val – 32 bit value of the register to write

3.6.2 Driver Statistics

These routines are used to get and print statistics from the LCBD driver.

LCBT_stats (int mask)

Print LCBD driver stats, mask=0 prints all, mask=1,2,4,8 for different stats. Stats will accumulate over multiple calls.

LCBT_clearStats ()

Set all stats printed by LCBT_stats to zero.

3.7 2 CPU tests

Some of the LCBT test either require or can be used with multiple CPU’s. 

3.7.0 Events between CPU’s

The most common communication between LCB boards on the CPUs (SIU’s and EPU’s) is over the event fabric. The LCBT module is structured to exersize this pathway thru the use of the LCBT_eventTest routines on the sending side and event protocol  callbacks on the receiving side.

By default, the event protocol callbacks in LCBT are setup to do an echo on protocol=3 and a data compare test on protocol=2. The LCBT_eventTest routines will send data directed to itself with protocol=2 and data directed to another CPU with protocol=3 (echo). The echo callback will receive data on protocol=3 and return it to the sender with protocol=2 so that it will be compared.

The event pathway for a single CPU system where the data is directed back to itself would be:

· CPU uses LCBT_eventTest to send out data directed to itself with protocol=2
· EBM receives data and directs it back to the sending CPU

· CPU uses protocol=2 callback to verify the self-describing data packet

The event pathway for a multiple CPU system where the data is directed to another CPU would be:

· CPU uses LCBT_eventTest to send out data directed to another CPU on protocol=3
· EBM receives data and directs it to the destination CPU

· Destination CPU receives data on protocol=3 and echos it back to original CPU on protocol=2.

· EBM receives data and directs it back to original CPU

· CPU uses protocol=2 callback to verify the self-describing data packet

The receiving (usually EPU) CPU can also be loaded with the LCBB driver and lcbbEcho library to run the above exercise with the boot driver on the EPU side.

3.7.1 LatpCsr Access between CPUs

The Cmd/response fabric has the ability for the commander (the SIU) to write to the LatpCsr on other LCB cards (EPUs). These routines are used to test that feature.

The driver on the remote CPU will receive a “NULL” descriptor when the LatpCsr is accessed remotely. If LCBT_init() has been run on that CPU, it sets up a callback which will print when the LatpCsr is accessed.

unsigned int LCBT_remoteLatpCsr (int latpAddr, unsignedin val, unsigned int mask, int broadcast)

This routine is used to write to the LatpCsr register on another CPU. 

The paramters are:

· int latpAddr – addresss of CPU to write to
· unsigned int val – 32 bit value to write to remote LatpCsr
· unsigned int mask – 32 bit mask of bits to write
· int broadcast – if destination address is not known or not set, use broadcast and the masks on the CRU to route command to proper CPU. (This is common on the initial write to an EPU where the LatpAddr is set for that LCB board). 
unsigned int LCBT_setRemoteBoardId (int latpAddr)

This routine writes to a remote LatpCsr by setting up the CRU masks to point to only one LCB and then using the broadcast mode. 

Note that this function is usually done by the PIG module and should be used with caution as changing the CRU can effect other software functionality.

The pramters are:

· int latpAddr – addresss of CPU to write to
3.8 LCBTB – LCBB Driver Tests 

The LCBTB routines are used for testing the LCBB driver. The LCBB driver is used for booting the EPU. It is a limited function driver that is single threaded and uses no interrupts. All waits are done thru polling.

The LCBTB routines are similar, where possible, with the LCBT routines. There are fewer of them due to the limited scope of the LCBB driver. The constituent (i.e. library) for this code is lcbbEcho.

Int LCBTB_init (int latpAddr, int useRedundantPath)

This inits the LCBTB module and inits the LCBB driver.

The parameters are:

· int latpAddr – latp address of this board
· int useRedundantPath – 1=use redundant fabric, 0=use primary fabric
Void LCBTB_setOption (unsigned int optionMask)

Setup an option mask used within the LCBT test routines.

The optionMask settings are:

· LCBTB_OPTION_BUSYPRINT=1 - print count every 1000 accesses 

· LCBTB_OPTION_VERBOSE  =2 - lots of printouts

· LCBTB_OPTION_COMPARE_FOR_ECHO=0x20 - use compare server for echo server, this is usefull when one wants to send event data from one CPU to another and test the data for integrity on the receiving CPU rather than echo it back (the default behavior)

Int LCBTB_echo (int numMsg)

This routine polls the event queue for events and echos them back to the LCB board that sent them. It is intended as the main exercise routines for the LCBB driver since the main function of the LCBB driver is to receive messages over the event fabric for the booting of the EPU.

The parameters are:

· NumMsg = number of messages to receive before existing, if 0 then forever

The following routines are convenience routines for the register access thru the LCBB driver. They are very similar to their LCBT counterparts.

LCBTB_setSiu (int idx)

Set the current LCB board to latpAddr = 0x22+idx which are addresses for SIU0, SIU1,…

LCBTB_setEpu (int idx)

Set the current LCB board to latpAddr = 0x24+idx which are addresses for EPU0, EPU1,…

LCBTB_latReset (int stall)

Send a LAT reset to the fabric and stall given number of 20MHz clock tics. One will need to send out LAM commands after this reset.
LCBTB_regs()

Read and print all local registers (PCI and Latp) on LCB.

LCBTB_readLatpCsr

Read and print the Latp Control Status register

LCBTB_readFifoFault

Read and print the fifo fault register.

LCBTB_readStats

Read and print the event stat register
LCBTB_writeLatpCsr (unsigned int data)

Write the Latp Control Status Register.

LCBTB_writeFifoFault (unsigned int data, unsigned int mask)

Write the fifo fault register to clear it.

LCBTB_writeStats (unsigned int data, unsigned int mask)

Write the stats register to clear it.

4 SSRSIM

The SSRSIM module simulates science data by outputting a self-describing data packets on the SSR port. The SSR port is part of the EBM module within the GASU. This module was used as part of the ISIS system.

void SSRSIM_init (LCBD lcb, int sendTaskPri, int latpAddr, int appId)

This inits the SSRSIM module. It creates a list of 3 packets which are filled and sent to the SSR port according to parameters set later by SSRSIM_setParm().

The parameters are:

· LCBD lcb – the LCBD driver handle, usually obtained thru LCBD_get()

· Int sendTaskPri – Priority of the send task which fills the data packets in preparation for sending to the SSR port.

· Int latpAddr – The latpAddr of the SSR port, usually 0x7. Other address, say an EPU or the SIU, can be specified for testing.

· Int appId – The appId within the CCSDS header of each data packet sent to the SSR port. 

void SSRSIM_release ()

Routine to shutdown the SSRSIM module. This will release all associated memory and destroy any created tasks.

void SSRSIM_setParm (TDATA_DTEST dataType, int dataParm, int tDuration, int reqPacketSize, int evtPeriod, int *actualSize)

Set the parameters associated with data generation for the SSRSIM module.

The parameters are:

· TDATA_DTEST testType – type of data sequence to use
· unsigned int testParm – parameter associated with testType
· int tDuration – duration in seconds for data generation, if –1 then will generate data forever or until SSRSIM_stop()
· int reqPacketSize – size of data packet in 32 bit words, range is 8 to 1020, 0 will produce random sized packets
· int evtPeriod – time in micoSec between data sends, range is 100 (10KHz) to 30000000 (every 30 sec)
· int *actualPacketSize – if not NULL, returns the actual size of the data packet. The LCB board is limited to 20 Mbps output bandwidth. If the reqPacketSize combined with evtPeriod exceeds this bandwidth, the packetSize will be reduced to achieve this bandwidth. The true size of the packet, whether reduced or the same as requested, will be returned here.
void SSRSIM_stop ()

Stop the SSRSIM data generation. This will override the tDuration setting in the SSRSIM_setParm() routine.

void SSRSIM_stats ()

Printout stats associated with the SSRSIM module.

void SSRSIM_GetErrors (int *timerMiss, int *dmaErrs, int *itemErrs, int *backPresErrs)

Get the current error counts in the SSRSIM module. These counters can be reset by SSRSIM_statsReset().

The parameters are:

· int *timerMiss – In not Null, returns the number of times the timer was late and missed sending a SSR datapacket out.
· int *dmaErrs – If not NULL, returns the number of dma errors (memory to LCB board) detected 
· int *itemErrs – If not NULL, returns the number of item errors returned in response to sending out the SSR data packet.
· int *backPresErrs – If not NULL, returns the number of back pressure errors detected. This error can be caused by the spacecraft lowering its READY line that will cause the data to become backed up in the LCB/EBM creating “back pressure”.
void SSRSIM_statsReset ()

Reset stats and error counters in SSRSIM module to 0.

5 Future Development

LCBT is not complete. Here are some known problems and possible enhancements:

· There are currently no tests that automaticly test the primary/redundant fabric. The fabric select can, however, be set at LCBT_init(), and all test run on that fabric.

· The test where event data is echo’ed thru a 2nd CPU will not work a long time at maximum speed. It will however, work consistently with a  ???? uSec  delay between sends.

· LCBT_event.c has some code for a separate task to handle echo that is no longer used and should be removed.
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