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This document provides an introduction to the public interface of the Power and the Initialisation of the GASU software package, PIG. 
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0 Introduction

0.0 Intended Audience

This document is intended to provide an introduction to the power and initialisation software.  It should be of interest to other FSW developers, I&T, FSW Test and Electronics Test.

0.1 References

LAT Instrument Startup, LAT-TD-02620, J. Swain.

LATC Automatically Generated Documentation, http://www.slac.stanford.edu/exp/glast/flight/doxygen/Doxyidx.htm.

0.2 Glossary

0.3 Request For Comments

Please post corrections or questions as replies to the SNITZ release announcement for the relevant LATC version.  Failing this, email jswain@slac.stanford.edu.

0.4 Overview

The Power and the Initialisation of the GASU package provides a collection of utilities for manipulating the LAT power and configuring the command/response and event fabrics

1. SIU initialisation

a. Main feed, PDU and DAB selection

b. LCB initialisation

c. DAB configuration

2. LAT component power on/off.

1 Requirements

2 Package organisation

The PIG package is split into three constituents

1. pig_power.  Provides an interface to manipulate the power register of the SIB. Depends on?  Nothing.

2. pig_flying.  This library supplies the bulk of the PIG functionality.  In addition to LCB initialisation, the various components of the LAT can be added to or removed from the command/response or event fabric by setting fields of a configuration structure and calling one of a small number of functions. For some portions of the LAT (the TEMs and the ACD) the action of adding the component to the C/R fabric also caused the relevant electronics to be powered.
  Depends on? pig_power, LCBD, LEM.

3. pig_init_lat.  This library performs the initalisation of various write-one registers on the LAT.  The selection of registers to write and values to use are stored in a header file and built into the library.  Depends on? LCBD, LEM.

4. pig_rooting.  The interface to pig_flying is cumbersome to use from the command line, so a CLI friendly interface is provided.  In addition to single commands taking a few arguments, there are functions to create and populate the configuration structure passed into the pig_flying functions.  Depends on? pig_flying.

3 Interface

The PIG interface will now be presented from the highest level down, that is, beginning with the command line interface.

3.0 Main Power and Initialisation

3.0.0 PIG_switch

When run on a crate with a SIB present the power register on the SIB will be written, enabling the correct line in the SIU to PDU connector to close the primary or redundant main feed, power one or both PDUs and power the primary or redundant board.

unsigned PIG_switch   (mainfeed, pdu, dab);

The three arguments to PIG_switch are

· mainfeed.  0 (Off), 1 (Primary), 2(Redundant).  Specifies the mainfeed switch to close.

· pdu.  0 (none), 1 (PDU_0), 2 (PDU_1), 3(Both PDUs).  Specifies the PDU(s) to power.

· dab.  1 (none), 1 (Primary), 2 (Redundant).  Specifies the DAB to power and thus selects the primary or redundant command/response fabric.

Some of these options do not make sense
.

3.0.0.0 Typical Configurations

3.0.0.0.1 Test-bed

PIG_switch(1, 1, 1)

Use the primary mainfeed, PDU_0, and the primary DAB.

3.0.0.0.2 Stand-alone GASU test-stand

This library should not be used without a SIB and a PDU.

3.0.0.0.3 Stand-alone TEM test-stand

This library should not be used without a SIB and a PDU

3.0.1 PIG_lcb_start

This function assumes that the DAB indicated by use_red has been powered and thus the 20MHz LATp clock is present.  Should this not be the case then the function will fail.  Otherwise the function will configure the LCB for command response, but not events
.

unsigned PIG_lcb_start(siu_id, use_red);

The two arguments to PIG_lcb_start are

· siu_id.  0 (SIU_0), 1 (SIU_1), 2 (SIU_EXT).

· use_red. 0 (Primary), 1(Redundant)

3.0.2 PIG_links

Once the LCB has been initialised then the DAB and any PDUs can be configured using the following command.

  unsigned PIG_links(pdu, cpt_mask);

The two arguments to PIG_links are

· pdu.  0 (none), 1 (PDU_0), 2 (PDU_1), 3 (Both PDUs).  Specifies the PDU(s) to add the C/R fabric.

· cpt_mask.  1 (GEM), 4 (EBM), 5 (Both).  Specifies the elements of the powered DAB to add to the C/R fabric.  The CRU is included by default and the AEM will be added when the ACD is powered.

3.0.2.0 Typical Configurations

3.0.2.0.1 Test-bed

PIG_links(1, 5)

Use PDU_0 and add the EBM and the GEM.

3.0.2.0.2 Stand-alone GASU test-stand with TEM(s) or FREE board(s)

PIG_links(0, 5)

There is no PDU.  Use both the EBM and GEM.

3.0.2.0.3 Stand-alone GASU test-stand with EPU(s)

PIG_links(0, 4)

There is no PDU.  Use only the EBM for CPU-CPU communication.

3.0.2.0.4 Stand-alone TEM test-stand

It doesn’t make sense to call this function if there is no DAB and no PDU!

3.1 Component Power Switching

Once the main power has been turned on and the DAB and any PDUs have been configured it is necessary to power and configure the remaining elements of the LAT.  The following functions perform this task.  If a PDU is included in the system then the functions will power the relevant component and then add it to the existing configuration.  If the system has no PDU then only the configuration step is performed.  In the case that there is no DAB (stand-alone TEM test-stand) then the configuration collapses to simply setting the LATp address of the single node.

3.1.0 PIG_tem_on

In a full system then this function will set the relevant bit in the PDU TEMS register, set the TEM LATp address and OR the TEM into the CRU COMMAND and RESPONSE masks.

  unsigned PIG_tem_on(tem, pdu);

The two arguments to PIG_tem_on are

· tem.  0x0 to 0xf, the ID of the tem.

· pdu. 0 (PDU_0) or 1 (PDU_1), the  ID of the PDU to use to power this TEM.

3.1.1 PIG_tem_off

In a full system then this function will clear the relevant bit in the PDU(s) TEMS register(s), and remove the TEM from the CRU COMMAND and RESPONSE masks.  No attempt is made to work out which PDU is powering the TEM, if both are powered; the relevant bit in both PDU TEM registers is cleared.  Note that the cal and tkr towers will not be powered off individually before the TEM is powered off.  You have been warned.

  unsigned PIG_tem_off(tem);

The argument to PIG_tem_off is

· tem.  0x0 to 0xf, the ID of the tem.

3.1.2 PIG_cal_on

The GTIC POWER register is read, modified and written to set the calorimeter bit and power the calorimeter front ends.

  unsigned PIG_cal_on(twr);

The argument to PIG_cal_on is

· twr.  0x0 to 0xf, the ID of the tower to power on.

3.1.3 PIG_cal_off

The GTIC POWER register is read, modified and written to clear the calorimeter bit, removing power from the calorimeter front ends.

  unsigned PIG_cal_off(twr);

The argument to PIG_cal_off is

· twr.  0x0 to 0xf, the ID of the tower to power off.

3.1.4 PIG_tkr_on

The GTIC POWER register is read, modified and written to set the tracker bit and power the calorimeter front ends.

  unsigned PIG_tkr_on(twr);

The argument to PIG_tkr_on is

· twr.  0x0 to 0xf, the ID of the tower to power on.

3.1.5 PIG_tkr_off

The GTIC POWER register is read, modified and written to clear the tracker bit, removing power from the tracker front ends.

  unsigned PIG_tkr_off(twr);

The argument to PIG_tkr_off is

· twr.  0x0 to 0xf, the ID of the tower to power off.

3.1.6 PIG_epu_on

The CRATES register of the PDU is modified to include the EPU to be powered and the correct board ID is written to the EPU LCB.  CRU and EBM registers are modified to include this crate.  This function does not concern itself with the CPU-to-CPU communication required to complete the EPU booting process.

  unsigned PIG_epu_on(epu, pdu, use_sec_convertor);

The three arguments to PIG_epu_on are

· epu. 0 (EPU_0) or 1 (EPU_1), the ID of the EPU to power.

· pdu. 0 (PDU_0) or 1 (PDU_1), the ID of the PDU to use to power this EPU

· use_sec_convertor.  0 (no) or 1 (yes), indicates whether or not the secondary power converter should be used.

3.1.7 PIG_epu_off

Modifies the CRATES registers of any PDUs that are powered to remove this EPU. CRU and EBM registers are modified to remove this EPU from the command/response fabric.

  unsigned PIG_epu_off(epu);

The sole argument to PIG_epu_off is

· epu.  0 (EPU_0) or 1 (EPU_1), the ID of the EPU to power off.

3.1.8 PIG_acd_on

The ACD is powered on by writing to the ACD register of the required PDU and the AEM is added to the C/R fabric.

  unsigned PIG_acd_on(pdu, use_sec_ps);

The two arguments to PIG_acd_on are

· pdu.  0 (PDU_0) or 1 (PDU_1), the ID of the PDU to use to power the ACD.

· use_sec_ps.  0 (no) or 1 (yes), indicating whether the secondary power supply should be used.

3.1.9 PIG_acd_off

The ACD register of the PDU(s) is modified and the AEM is removed from the C/R fabric.

  unsigned PIG_acd_off();

There are no arguments to the PIG_acd_off function.

3.1.10 FREE Boards

PIG provides no additional functions to modify the power status of individual FREE boards, switching the FREE boards on or off is accomplished by a single register write to the AEM.

3.2 Multiple Component Power Switching

The functions described in the previous section are command line wrappers around two functions, PIG_insert and PIG_extract.  These functions both take a pointer to a configuration structure as an argument.  In compiled code it is a simple matter to create a configuration structure on the stack and manipulate the fields (the structure is publicly defined in the interface file PIG/pig.h
).  From the VxWorks command line the situation is more complex.  To assist a PIG user several helper functions have been written to create the configuration structure and manipulate some of the fields.

  PIG_cfg* cfg = PIG_new_cfg(void);

  PIG_clear_cfg(cfg);

  PIG_set_tem  (cfg, sel_mask, pdu_mask);

  PIG_set_tkr  (cfg, sel_mask);

  PIG_set_cal  (cfg, sel_mask);

  PIG_set_epu  (cfg, sel_mask, pdu_mask, sec_con_mask);

  PIG_set_free (cfg, free_mask);

  PIG_set_acd  (cfg, pdu, sec_sup);

  PIG_clear_acd(cfg);

  PIG_set_all  (cfg, pdu);

This collection of functions takes a small set of arguments

· cfg.  A pointer to the configuration structure, created by a call to PIG_new_cfg, is passed into each of the functions.

· sel_mask.  A bit mask (16 or 3 bits for TEM/tower or EPU functions respectively) indicating the components that will be manipulated by the subsequent function call.

· pdu_mask.  A set of bit fields (16 or 3 bits for TEM/tower or EPU functions respectively) identifying the PDU to be used to power each component.  It is clearly nonsensical to set bits in this mask if the corresponding bit in the sel_mask is clear.

· sec_con_mask.  EPU only.  Three one bit fields indicating whether or not the secondary converter should be used for each of the three EPUs (0 = no, 1 = yes).

· free_mask.  A twelve-bit mask indicating which FREE boards should be manipulated.

· pdu.  One of the PIG_PDU_SELECT values (0 = none, 1 = PDU_0,  2 = PDU_1 and 3 = both).  Clearly some of the PIG_PDU_SELECT values are nonsensical in this context, but this scheme is used to maintain some consistency with the functions presented earlier.

· sec_sup.  Indicates that the secondary power supply should be used for the ACD (0 = no, 1 = yes).

Note that these functions are provided for convenience on the command line.  The definition of PIG_cfg is public and it is anticipated that developers will create the configuration structure on the stack and manipulate the fields directly.

Once populated, the configuration structure is passed as the second argument to either PIG_insert or PIG_extract
.  Both functions then iterate through the structure and modify the power for all the selected components.  Only the component selection is used within the PIG_extract function, any other information such as the pdu_mask is ignored.

It has been stated that the LAT expects the components to be powered up individually using commands from the ground.  Setting single fields in the configuration structure and repeatedly calling PIG_insert would accomplish this.

3.3 PIG Configuration

The previous section (Multiple Component Power Switching) describes a scenario where software iterates over a list of components to power, but what order are the TEMs, towers and FREE boards powered on or off?  A default ordering has been compile into the package, but can be altered through function calls below.

  unsigned PIG_order_EPU (unsigned order[N_EPU]);

  unsigned PIG_order_TEM (unsigned order[N_TEM]);

  unsigned PIG_order_FREE(unsigned order[N_FREE]);

In each case the order array is simply a list of component Ids (3, 16 or 12 for the three functions).  The functions will return an error if the same ID is listed twice or any ID is outside the acceptable range.  The order is followed for power on, and reversed for power off.  The default order arrays are listed below.

TEM {0x5, 0x6, 0x9, 0xa, 0xc, 0xd, 0xe, 0x1, 0x2, 0x3, 0x7, 0xb, 0xf, 0x0, 0x4, 0x8};

EPU {0, 1, 2};

FREE {0x0, 0x1, 0x2, 0x3, 0x4, 0x5, 0x6, 0x7, 0x8, 0x9, 0xa, 0xb};

To avoid tripping off the power supply when powering up multiple components, PIG briefly delays after each power-on and power-off operation.  A default time delay (1 second for power-on and 1/10th of a second for power off) has been compiled into PIG, and may be modified by the function calls below.

  void PIG_set_on_delay(unsigned delay);

  void PIG_set_off_delay(unsigned delay);

The argument, delay, specifies the number of 60ths of a second to delay between each power operation.

3.4 Event Fabric

Several event fabric configuration functions are also provided, following on the pattern of the command/response functions presented above.

  unsigned PIG_insert_evt (LEM_micr* cmdRsp, PIG_evt_cfg*   cfg);

  unsigned PIG_extract_evt(LEM_micr* cmdRsp, PIG_evt_cfg*   cfg);

  unsigned PIG_verify_evt (LEM_micr* cmdRsp);

PIG_insert_evt and PIG_extract_evt are completely analogous to PIG_insert and PIG_extract.  The fields are set in the publicly visible configuration structure to register interest in a particular component then one of these functions is called to perform an action on all such components.  PIG_verify_evt is slightly different.  This function is called at the end of each insert and each extract, but can also be called independently.  It ensures that nodes on the event fabric on the correct (Primary/Secondary) fabric.  In particular, this function ensures that the GEM/EBM selects in the TEM CONFIGURATION register is set to the same value as the C/R fabric select in the LCB driver. 

3.5 LAT Initialisation

There are several registers on various components of the LAT for which there is one and only one correct setting.  In particular the various timeout and delay registers on the TEM, EBM, AEM, TCC and CCC.  PIG provides a function to set these registers.

  unsigned PIG_init_lat(LEM_micr* cmdRsp);

It is anticipated that this function will be called once immediately after the command response fabric has been completely populated.  If a new node is subsequently added to the C/R fabric this function should be called again.  This function should also be called if the fabric is switched between Primary and Secondary, since it configures registers in the EBM and AEM.

The actions of this function are determined at compile time by considering the arrays defined in src/init_lat_p.h.  Each type of LAT component (TEM, TCC, GEM etc) is represented in this file by an array of PIG_register structures.   

typedef enum {

  PIG_NO_SET = 0, // Register is not set by PIG

  PIG_DO_SET = 1  // Register is set by PIG

} PIG_WILL_SET;

typedef struct {

  unsigned     regId;    /*!< Register ID */

  unsigned     value;    /*!< Value to set this register to */

  PIG_WILL_SET will_set; /*!< PIG initialises this register? */ 

} PIG_register;

For each register the structure holds the register ID used in the LEM encode function/macro, the value for the register and a flag indicating whether or not PIG_init_lat operates on this register.
  Each array is terminated by a structure whose regId is set to PIG_REGISTER_END.  If additional registers need to be initialised by this function, then the relevant array should be updated to give the register the correct value and a will_set value of PIG_DO_SET.  Care should be taken to ensure that the total number of register operations, including the four manipulations of the CRU_COMMAND mask inside PIG_init_lat, does not exceed N_LATP_CELLS, as defined in src/lem_p.h.

3.6 Special Operations

PIG is required to support several special operations.  I believe the function names are self-descriptive.

  void PIG_enter_SAA(LEM_micr* cmdRsp);

  void PIG_exit_SAA (LEM_micr* cmdRsp);

  void PIG_shed     (LEM_micr* cmdRsp);

  void PIG_safe     (LEM_micr* cmdRsp);

Note that PIG_shed is non-reversible.  The DAB and PDU(s) must be powered on and reconfigured to get back to an operating state, whereas after PIG_safe has been called the process of powering on LAT components can restart.



























































































































































































































































































� In the case of the TEMs the front-ends are selected separately.


� The original implementation provided a null version of the library that could be used without PDU.


� Excepting that a queue to handle event traffic will be created and installed in the LCB driver.


� This document repeatedly refers to this publicly available configuration structure, but never actually describes it.  This is to avoid the documentation and the source code getting out of synch.  Developers, who need knowledge of the configuration structure, should refer to the auto-generated API documentation or the relevant header file.


� The first argument being a pointer to an initialised LEM_micr structure.


� There are many registers that are not initialised by PIG_init_lat, such as all the CRU registers, various DACs and the read-only registers.
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