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'_IBRARY Abstract 

In high energy physics experiments, where sophisticated trigger decisions are based on a large 
number of signals, fast low cost programmable de\ices have become a necessity. For decisions that 
have to be taken in a time longer than 10 usee, it is conceivable to use fast Digital Signal Processors 
(OS P) working in parallel. instead. of hardware decision modules. 

The FDOP is a modular sy~tem implemented on VME and FASTBUS boards, consisting of 
multiple 'Logical Units' per board, which can process in parallel several digitized analog signals to 
perform a programmable trigger decision. Each 'Logical Unit' has a Digital Signal Processor (DSP 
Teus TMS320l0) which executes the majority of its intructions in 200 nscc. A VME board contains 
two 'Logical Units', a FASTBUS board under development contains six 'Logical Units', A system of 
24 'Logical Units' will be used for the trigger in the Forward ElectroMagnetic Calorimeter (FEMC) of 
DELPHI detector, to calculate sector energy in 14.8 usec for the 2nd level trigger, and perform a 
cluster search in 150 - 250 usee for the 3rd level trigger. Other possible applications are discussed. 

1) IstiNto NlZionale Fisica Nucleare Sez. Torino. ITALY 
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1. INTRODUCTION 


The Fast Digital Data Processor is a slave module which perfonns fast parallel digital processing. 
It has been developped for the preliminary data reduction of the trigger signals from the Forward 
Electromagnetic Calorimeter (FEMC) of Delphi [I]. 

Independent of the FEMC trigger, the FDDP card can be regarded as a rather general purpose 
board, which can perfonn the following tasks, working in a slave parallel mode: 

- fetch digitalized signals from a separate analog - to - digital conversion board (AXIN1)1 
- process the digital data by means of a fast microprocessor; 
- store the results of the processing into FIFO memories, readable either through a front 

panel connector or through the back plane bus; 
- exchange data with adjacent processors through FIFO memories. 

In the prcsent configuration the FDDP board contains two logical units. Each unit (see Fig. I) 
consists of: 

- one ANIN board; 
- I microprocessor (Texas TMS 32010) with relative program memory, registers and ancillary 

logic; 
- a set of output FIFO memories (OUT FIFO) to storc the rcsults; 
- two sets of FIFO's to exchange data with clockwise and counterclockwise adjacent proces

sors (CW and CC FIFO). 

The completely assembled FODP board consists of a 'mother board', hosting the two TMS32010 
processors, program memories, buffers, registers, ancillary logic, etc., and of three piggy back cards. 
On two piggy back cards - called 'A~IS I' - arc located the analog cimUts (operational amplifiers, 
Flash ADC), for the acquisition. On the third piggy back card arc located the OUT FIFO's and the 
two sets of CW and CC FIFO's. 

In the present version, the mother board, housing two "'Logical Units"', is a standard VME card, 
to be inserted in a VME crate, while the final board, under development, with six "'Logical Unit'" will 
be in FASTBUS (see Fig. 8). 

A crate microprocessor (Motorola MC68000), working as master, is needed to load programs di
rectly into the TMS320 10 program memory, to monitor its activity and eventually to rcad the results. 

A trigger pulse starts acquisition, conversion and processing, while an abon pulse can stop pro
cessing at any time. 

Debugging, maintenance of the board and. simplicity in writing the softwue profit from a modular 
approach to the ucbi~ of the CPU, peripherals and control lines. AU the functions that em be 
generated by the TMS320IO processor can also be generated by the crate master microcomputer 
through the VME bus. These features are very convcment durina hardware debugging. 

'The basic description of the Logical Unit is contained in section 3. The core of the unit is repre
sented by the different means of communication between the various subsystems. They are discussed 
in section 3.2 in a way which is not very orthodox but it is conducive to appreciate the overall archi
tecture. There is some redundancy between sections in order to make this document useful for rcfer
ence. 

1 for more details refer to the chapter: application examples anci A."l I N ciescription in Appendix A. 
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1.1 Software 

Software development for the T:\fS32010 (see Appendix B and D) and .:\tfC68000 (see Appendix 
C and E) requires a host computerZ for file storage and cross software preparation. The software, in 
object code (hexadecimal output file of cross linker in Motorola S fonnat) must then be loaded into 
the "Crate Master Controller' microprocessor memory (e.g. via a RS232 connection). A transfer pro
gram from the "Crate Master Controller" microprocessor will then copy the code into the TMS32010 
program memorr (see also Fig. 10, Fig. 26, Tab. 19 and Tab. 23). 

Seen from the TMS32010 side, the program memory is located between addresses 0 and S7FF 
(see Table 3). A reset command stops the TMS32010 and allows the master to access the TMS32010 
program memory. For the TMS32010, the memory locations from 0 to 7 are reserved as input/output 
ports. 

From the MC68000 side, each FODP logical unit is seen as a memory area starting at a given 
base address, greater than SlOOOOO(S means hexadecimal), and extending to a displacement of S201E.· 
The base address is selected by setting of jumpers on the FDDP board.5 Of the two logical units 
which reside on the same board, one corresponds to the selected base address, the second to base ad
dress + $4000. 

To develop or modify the software, important information is found in: 

• 	 "'Logical unit' block diagram: Fig. 1 
• 	 Memory &. I/O Functions List (Table 3) 
• 	 Command Register (Table 4) 
• 	 Status Register (Table 5) 
• 	 Trigger signal (section 6.1) 
• 	 Abort signal (section 6.2) 
• 	 Interrupt registers (section 3.2.2.5) 

The overall software development is the following: 

• 	 a set of drivers (see Appendix C), component test and function test routines are being written 
in MC68000 Assembly language. The cross - assembler used for these routines is: Lattice [17), 
Quelo [181 and MC68mil [41. The driver routines mentioned above are then called from an 
high leve11anguage for writing more complex programs. 

• 	 For writing these higher level programs, we chose Real Time Fortran (RTF) for the applica
tions since it is well known and widely used by physicists, and "c" for the basic software, since 
"c" has good Input/Output and is found on practically all personal computers and all operat
iDa systems. Bath bi&h kve1 1angnages are calling the same assembly routines mentioned above 
(see Appendix C). 

I 	 CrOl' Software for MC68000 and TMS32010 is available UDder MS - DOS. VMS, UNIX Operalin& Sy.tems. The -Host 
Compu~ can then be: IBM PC or uVAX or V AX, etc. 

J see -Block move routine from 68000 to TMS32010- listed in Appendix C 

• see more det.ailJ in Section -Memory map A I/O Funct.io~ 

, for more det.ailJ refer to Section • Jumper Selection
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• 	 Efforts are being made to write also different console driver routines for different VME CPU's. 
At present they are available for the CPU -18 from Force Computer. 

• 	 The stack layout follows the model described. in the M68MIL Cross Macro Assembler by H. 
Von Eicken [4]. 

1.1.1 TMS31OIO program debuaing facilities. 

A trace fadlity allowing execution of one or N instruction per step, or continuous running is pro
vided for TMS32010 programs. After execution of these commands, all TMS32010 registers are dis
played with their actual value (see Table 23). 

This fadlity is available by loading into the VME Crate eonuoller memory the programs de
scribed in Appendix eland e2, and into the TMS32010 program memory the programs described in 
Appendix B 1. 

1.1.2 Application program monitoring facilities. 

In order to make visible the dynamic changes of the state of the Logical Units to the user during 
application program execution, the hardware design provides each Logical Unit with MAIL - BOXES. 

An example of monitoring the different phases and status of each Logical Unit during calculation 
of II and III level trigger is described in section 9.4.2 (see Table 19). 

This fadlity is available by loading into the VME Crate eonuo11er memory the programs de
scribed in Appendix e3, and into the TMS32010 program memory the programs described in Appen
dix B2. 

1.2 Hardware 

The mother board circuit is a standard VME card (Fig. 21), implemented on a 6 layer printed 
circuit board. The block diagram of one Logical Unit is shown in Fig. 1 The ANIN16 (Fig. 25 and 
Fig. 22) piggy bade cards, which receive the analog inputs, are connectc:d to the mother board through 
connecton: PM, P6B, P6D, P6F, for ANIN ofTMS32010A; and P7A, P7B, P7D, P7F, for ASIN 
TMS32010B (see Fig. 7). All the analog cin:uits are optically insulated from the digital circuits and 
from the mother board. The FIFO piggy back card (Fig. 22) is connected to the mother board through 
the connec:ton: P8A, P8S, P8C, P8D, P8E (see Fig 7). 

• (or more details see • ANI N description· in Appendlx A. 
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2. FEATURES 


I. 	 Flexible triggering mode: extemal, intemal. 

2. 	 Easy program modification, effected. by giving to the Crate Controller access to the TMS32010 
program memory. 

3. 	 Fast digital processing of 8 analog channels by each of two TMS32010 microprocessors (for 
example 16 x 16- bit multiply in 200 nsec). 

4. 	 Data intercommwlication between the two TMS32010 microprocessors and the adjacent 
modules, through FIFO's at 2.S Mbyte/sec. 

S. 	 Output data available asychronously from 16x16-bit Out-FIFO's, through the VME bus at 
the Crate Controller CPU maximum speed, or through the front panel connector at 20 
Mbyte/sec. 

6. 	 The Logical Units can be paralleled without limits. 

7. 	 Possibility to design a personalized. ANalog INput board (ANIN) to suit better the application 
needs. 

8. 	 Dual port memory (switching technique) for onboard data storage. 

9. 	 Messages and data communication between TMS32010 microprocessors and Crate Controller 
on the VME through the MAIL- BOX registers, without need to stop the TMS32010 activi
ty. 

10. 	 Software maskab1e TMS3201 0 interrupt sources. 

II. 	VME bus interrupt capability: 

a. 	 by software selectable interrupt vector, 

b. 	 by software selectable interrupt levels (from IRQI to IRQ7), 

c. 	 by software makable interrupt sources: 

• 	 from Out - FIFO's ·OR· (output ready signal), 
• from TMS32010 ~ (at Mail-Box wDlc operation). 

12. 	 Enema! ·ABORT·1ine for the TMS32010 microprocessors. 

13. 	 ·BROADCAST· capability of all VME bus write functions to all modules in the crate. 

14. 	 From the VME Crate Controller side, each board needs 2x8Kwords of 16- bit (32Kbytes) of 
contiguous space selectable through jumpers in the range of 0 to 4 Gbytes. Thus there are es
sentially 4K words of program space and 4K words of I/O space for each DSP. 
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3. LOGICAL UNIT 

The Logical Unit (see Fig. 1) is the basic processing element of a ~yste~ configuratio~. .. 
Based on this modularity, regardless of the board used (VME vetS10n Wlth two lAlg",:al Lmts or 
FASTBUS version with six Logical Units), a very powerful system of several hundred MIPS can be 
built. Each Logical Unit has an independent processing capability of almost 5 MIPS (DSP Texas 
TMS32010), since the majority of the instructions require only one 200 nsec cycle. 

The principal features of the Logical Unit are: 

• 	 it can fetch data via its own Input/Output or from an adjacent lAlgical Unit. 

• 	 it can communicate asynchronously to the adjacent units, to the Crate Controller or to an ex
ternal device through a front panel' data bus. 

• 	 a Crate Controller processor (see Fig. 10 and Fig. 11) is required to download the TMS32010 
programs to correlate the Logical Units activity and also supervise the entir= system (any 
VME - CPU or FASTBUS master board can accomplish this task). Beside this, the Crate 
Conuoller can do also other important tasks such as: debugging the hardware and simulating 
the algorithms at lower speed (using the MC68000 instruction set instead of the TMS32010 
instruction set). These features have been made available by paying particular attention in de
signing the hardware so that from the software point of view, all functions that can be gener
ated by the TMS32010, can also be generated by the Crate Controller processor (see Tab. 3). 
Considering that normally there is more software development support for the MC68000 fam
ily than for DSP's, this hardware design consideration has been a valuable help during debug
ging and testing. 

• 	 in order to give more flexibility to the system, the conversion circuit module from Analog to 
Digital called ANIN (ANalog INput module) has been built in a separate board giving thus 
the possibility to design different personalized analog modules to ful6ll better the application 
needs. 

A typical sequence of operation in the lAlgical Unit is the following: 

• 	 the Crate Controller processor takes mastership of the lAlgical Unit Data Bus by resetting the 
TMS32010, ' 

• 	 downloads the TMSl2D10 program in the Program Memory, 

• 	 releases the Logical Unit Bus 

• 	 monitors asynchronously the activity of the Logical Unit by reading the MAIL- BOX in 
polling mode or in interrupt mode (normally every time there is a change in the status of the 
Logical Unit, the TMS32010 copies the STATUS REGISTER of its Logical linit into- the 
MAIL-BOX) 

• 	 the Crate Conuoller processor may also collect asynchronously DSP results at its maximum 
speed, without stopping the activity of the TMS32010, through the Out - FIFO's. 
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When the Crate processor has released the Logical Unit bus, the TMS32010 starts execution of 
the instruction in position 0 of the Program ~femory. A fast means to synchronize an external event 
(e.g. Trigger) with the TMS32010 program is to use the 'BIOZ' instruction that tests the 'BIO' signal 
(connected to the Trigger in the FEMC - DELPHI application). nus type of interrupt is preferable 
when performing time critical loops because it has a Maximum Latency Time (MLT) of I uscc. Nor
mally then the program fetches input data from the ANIN module or from the CW and CCW fifo's, 
performs the calculation of the algorithm and writes the result to the Out - FIFO's. At the same time, 
asynchronously, it can communicate data to the adjacent Logical Units, to the Crate Controller pro
cessor, update the Status Register and enable/disable signals through the Command Register. 

3.1 Digital Signal Processor (DSP). 

Digital signal processing is concemed with rea1- time processing of digitized analog signals, which 
are discrete in both amplitude and time. The rea1- time requirement has forced the DSP to be very 
fast, normally by having data and instructions in separate address spaces. As well their wide use has 
resulted in a low unit cost. Thus the combined characteristics of high speed and low cost make these 
devices very attractive for trigger processing in high energy physics experiments [8]. 

The primary advantage of digital. signal processing is that it uses discrete algorithms instead of an
alog function and thus extends the advantage of digital ciJ:cuitly (high density, precision, stability, and 
testability) to those parts of systems previously served by analog components. 

Finally, digital signal processing can solve application problems in a more fexible way then analog 
signal processing. 

3.1.1 DSP limitations. 

Major limitations are due to rates. 

Some DSP applications involve sampling rates of up to 100 MHz and can require hWldrc:ds of 
million of multiply/accumulate operations per second. In the case of the FDDP board this limitation 
has been solved by employing several Logical Units. The parallelism thus obtained can yield systems 
of several hWldrc:ds of Million of Instructions Per Second (MIPS). 
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Notation in ( ) refers to STATUS REGISTER of Table 5. 
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3.2 AsynchrollDlIs communications 

AU communkations arc asynchronous. 

Some communkations from the Crate Controller Processor to the TMS32010 Program Memory 
require the TMS32010 to be in the reset state (see below). AU other communications from the Crate 
Controller side or between Logical Units do not require stopping the activity of other Units. If inter.. 
rupts on a given Logical Unit arc enabled. then that Logical Unit may switch from one task to another 
without releasing the bus lines. 

3.2.1 Logical Units Intcreommunication 

Each Logi.c:al Unit can exdwlge 8 - bit data with the adjacent Logical Units (two Units: Clock 
WISe and Counter Clock WISe) at the maximum speed of 2.S Mbyte/sec. The intercommunkauon 
scheme is shown in Fig. 2 Eh:ments carrying an "A" label arc specific ·of the first of the two 'Logi.c:al 
Units"locatcd on the board. elements catrying a "'B"label are specific of the second onboard Logical 
Unit. 

The communication is asynchronous as there is no need to stop the activity of the other Logical 
Units during transfer. Each Logical Unit is informed if there are data &om other Logical Units by 
reading the STATUS REGISTER (see Tab. 5). (For diagnostic purpose it is also possible to write and 
read the CW and CC FIFO's &om the Crate Controller after having stopped the TMS32010 activity). 

Read and Write Commands. as well as FIFO reset, from the TMS32010 or &om the Crate Con
troller are described in Tab. 3 (Memory Map &. I/O Functions). 

3.2.2 Losieal Unit eommunication with Crate Controller 

Logical Units and Crate Controller can communicate at different levels. 

Some communications &om the Crate Controller rcqu= the TMS32010 to be in the reset mode 
(no activity) because they require to use data or adress busses of the Logical Unit. They are listed in 
table 3 with a " .. in.dicator and haw otl'set address sma.1ler than 52010. 

The other communications can be petformcd also while the TMS320 lOis active: they are listed in 
table 3 and have an offset address gra.ter than or equal to 52010. 

A broadcast to all Logical Units at the same time is also forseen. 

The possible mmmnpicat;gn channcJs am listed below. 

3.2.2.1 Crate CoatraD.. COIIIIIIuDicatiOll with dual port Program memory 

It requires stopping the TMS32010 activity. 
The Crate Controller takes mastership of the LDgical Unit bus just -by writing '~O - l' at base ad
dress + 52010. It can then read and write the Program Memory (see Tab. 3 for address). It can release 
the Logical Unit bus by writing '~O - 0' at the same address. 

3.1.2.2 Crate CoatraD.. COIIIIIIuDication with dual port Data memory 

It requires stopping the TMS32010 activity. 
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If the ANIN board is equipped with Data Memory, the Crate Controller takes mastership of the 

Logical Unit bus as for the Program Memory. (See Tab. 3). In the case of FEMC - DELPHI Calo

rimeter Trigger application, this memory is not provided on the ANIN1 board. 

The Oata memory can range from 2ki1oword to several kilowords by using the bank switching tech

nique with the limitation that for subsequent access to memory locations belonging to different banks, 

an extra time (400 osee for the OSP TMS32010) is necessary. There will be no diff=nce for each 

memory access (400 nsec for TMS32010) within the same 2kword memory bank. 


3.2.2.3 Crate C...troIler with TMS31010 throup MAIL - BOX rePten. 

The TMS32010 or the Crate Processor can write to or read from a 16-bit MAIL- BOX register 
(see Fig. 3 and Tab. 3). The operation is asynchronous and does not require stopping the activity on 
the other side. 

Writing the MAIL- BOX from the TMS32010 side automatically generates an inteuupt to the 
Crate Controller as eJplaincd in section 3.2.2.S. 
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3.2.2.4 Crate Controller communication with TMS32010 through Out - FIFO's. 

This unidirectional communication from the Logical Unit to the Crate Controller at the maxi
mum speed of the Crate Controller CPU does not require stopping the TMS32010 activity. 

Writing the Out - FIFO's from the TMS32010 automatically generates an interrupt to the Crate 
Controller as described in next section. 

(For diagnostic purpose it is also possible to write the Out - FIFO's from Crate Controller, at offset 

S200C, after having stopped the TMS32010 activity). 


3.2.2.5 Intarupts to the Crate Controller. 

The interrupt is automatically generated by a write operation to the Out- FIFO's or to the 
MAIL - BOX on the TMS32010 side. 

Within six VME cycles after receiving the acknowledge from the VMS bus, the interrupt control
ler located on the Logical Unit will recognize the Interrupt IAvcl and. sends to the VME bus the In· 
terrupt Vector for the service routine. 

For each TMS32010 logical. unit there are 4 programmable read/write registers. There are two in· 
terrupt Control Registers (CTRL REGO-CTRL. REGl) and two Vector Register (VECT 
REGO - VECT REG1) that contam the vector data used during an interrupt acknowledge cycle. In· 
terrupt control is based upon the MC68lS3 interrupt controller (see Table 3 for Interrupt Register . 
Address). 
Table 1 illustrates the interrupt register model. 

Table J: INTERRUPT REGISTER MODEL 

REGISTER CTRLREGO CTRLREGI VECTREGO VECTREGI 
BIT Out-FIFO Soft.I. Out-FIFO Soft.I. 

bueadd.+ base add. + bueadd.+ base add. 
2018 Hex 20lA Hex 201C Hex 201E Hex 

bit - 7 F F V7 V7 
bit - 6 DFAC FAC V6 V6 
bit - S X/IN X/IN VS VS 
bit - 4 IRE IRE V4 V4 
bit - 3 IRAC IRAC V3 V3 
bit - 2 L2 L2 V2 V2 
bit - 1 L1 L1 VI VI 
bit - 0 LO LO VO VO 
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F - Fl. Is a flag forsecn to be used in conjunction with the test and set instruction of the MC68000. 
It can be changed. without a1fecting other interrupt control operations. It is useful for processor - to 
processor comunication and resoun:e allocation. 

FAC - Fl. Auto - Clear If F AC is set, the Flag bit is automatically cleared. during an interrupt ac
knowledge cycle. 

XfIN - Ex.ternal(l)/latemal(O) Determines the response of the MC68153 during an interrupt ac
knowledge cycle. If the X/IN bit is cleared. (low level) the MC68 I 53 will respond. with vector data and 
/DT ACK signal, i.e., an intemal response. If X/IN bit is set, the vector is not supplied and. no 
IDTACK is given by the MC68153, i.e., an extemal device should. respond. 

IRE - Interrupt Enable This field must be set (high level) to enable the bus interrupt request associ
ated. with the control register. Thus, if the interrupt request from Out - FIFO's or from Mail- Box is 
asserted. and the IRE is cleared, no interrupt request (/IRQ) will be asserted. 

mAC - Interrupt Auto-Clear If the IRAC is set (Bit 3), IRE (Bit 4) is cleared during an interrupt 
acknowledge cycle responding to this request. This action of clearing IRE disables the interrupt re
quest. To renable the interrupt associated 'With this register, IRE must be set again by writing the 
control register. 

The least significant 3 bit field of the register determines the level at which an interrupt will be 
generated.: 

Tobie 2: INTERRUPT LEVEL 

L2 LI LO IRQ LEVEL 

0 0 0 Disabled. 
0 0 I IRQI 
0 I 0 IRQ2 
0 I I IRQ3 
I 0 0 IRQ4 
I 0 1 IRQ' 
I 1 0 IRQ6 
I 1 1 IRQ7 

Each interrupt input has its own associated. vector register. Each register is 8- bit wide and sup
plies a data byte during its interrupt acknowledge cycle if the associated. Extemal/Intema1 (X/IN) con-
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trol register bit is clear. lhis data can be status, identification, or address infonnation depending on 
system usage. The information is programmed by the user. 

When a software reset is generated by the Crate Controller, the Control Registers are set to all 
zeros (low). The vector registers are set to SOF. 'This value is the MC68000 vector for the uninitialized 
intenupt vector. 

3.l.2.6Interrupts to the TMS3l010. 

Two types of interrupts are implemented in the TMS320 1 0: a conventional single level intenupt 
and a 'BIO' input signal. 

The conventional intenupt must be enabled by setting Command Register bit 4. Three different 
intmupts are forseen, which are recognized.by reading the Status Register. 
- A software interrupt from Crate Controller can be generated by writing D1- I at Board. - Base 
Address + S2010. 'This intmupt is maskable by bit 4 of COMMAND REGISTER. 
- A software interrupt from TMS32010 (used in the trace routine) can be generated with an 'IN 
PA7· instruction when bit 4 - 1 of Command Register (see Table 3 and Table 4). 
- A hardware, non maskable interrupt is generated from the front panel line ABORT. 

The 'BIO' input signal is a particular type of interrupt which is preferable when performing time 
critica1loops. It is also called 'external polling input for bit test and jump operation'. In conjunction 

. 	 with the 'BIOZ' instruction that tests the input of the 'BIO' signal, it is possible to synchronize an ex
ternal device to the program. nus is in fact the way used to sense the enema! triger in the 
FEMC - DELPHI trigger application. 

3.2.2.7 Software triaers. 

A software trigger from the VME - BUS can be generated any time, even during TMS32010 pro
cess by writing 02-1 at the Board- Base- Address+ 52010 (see Table 3 and Table 4). 
A software trigger can be generated by the TMS32010 itself with an ·IN PA7· instruction (It must be 
enabled. by bit Sof Command Reaistet) 

3.2.2.1 Software reset to the TMS3l010. 

- The TMS32010 is forced to the reset state from the VME- BUS by writing 00-1 at the Board.

Base - Address + 520 10. 

- The TMS32010 is teleased from the reset state by a writing DO -= 0 at the Board - Base - Ad

dress + 52010 (see Table 3). 


3.2.3 I..osical Uait COIIUIIuaicatiOll with Extemallnput Derices 

The ANIN board is connected to the Logical Unit bus through optocoup1ers (see Appendix A for 
ANIN1 description). 

Two other signals are present on the front panel and are described in the chapter 6 'front panel 
connecton'. The TRIGGER signal latches analog input data into the ANIN board. and starts program 
execution, the ABORT signal interrupts calculation and clears buft'ers and FIFO's. 
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3.2.4 Logical Uait commuaication with External Output Deriees. 

A 20 - pin connector on the front panel, provides the digital output (16 - bit word data) on a 
three - state TTL unidirectional B US. On these lines arc available the result written in the Out
FIFO's. 
As soon as data is present on the Out - FIFO's. a Low TIL signal 'OR' is placed on the 'PL9' con
nector. The extcmal Wlit detects this 'OR' signal and sends out an unc10ck to the connector 'PLO'. At 
the falling edge of 'PLO', the Logical Unit places 16-bit data on 'P3A' connector (sec section 6.3. 6.4, 
Table 7 and Fig. 6). 

3.3 Memory Map & 110 Factions 

Two types of extcmal memories are foreseen. accessible both to the VME and to the TMS32010: 
the 'program memory' and the 'data memory'. 
The 'program memory' is a 2 kiloword memory, located. on the mother board: it contains the 
TMS32010 program and main data. 
The 'data memory' can range from 21ci1oword to several kilowords by using the bank switching tech
nique with the limitation that for subsequent access to memory locations belonging to dUferent banks, 
an extra time (400 nsec for the DSP TMS32010) is necessary. There will be no dUfcrence for each 
memory access (400 nscc for TMS32010) within the same 2k.word memory bank. It can be located on 
the ANIN board for additional data storqe and/or direct data storap from the tlasb. ADC's. 
The addresses of the two memories arc given in Table 3 

The TMS32010 reads or writes into extcmal memories by 7ABLR' or 7ABLW' instructions. 
On the VME side, the addresses given in Table 3 represent the displacement with respect·to the base 
address of the board. 
The base address is selected through onboard jwnpcrs. Jl/JI6, described in detail in section S. For the 
logic unit B a fixed additional displacement of S4000 must be added. 

In addition to conventional memory read/write instructions, there arc a few instructions needed to 
read or write extcmal registers, FIFO memories. etc. 
On the TMS32010 side, these instructions exploit the input/output possibility through the 8 parallel 
I/O ports ('IN n' or 'OUT n' for input or output, through port n). With the "IN n'" instnlction the 
content of the data lines is written in the addressed intcmal memory of the TMS32010, the opposite 
holds for the 'OUT n' instruction. 

On the ~ side, aD. these functions arc treated. as conventional reading or writing instructions, 
starting at a displacement, with respect to the board base address, of S2000. 

Tbe detaiW Jist aad die CGlIwpoDdcnce with tbD TMS3'2010 fuacticms is givmt mTable 3 A -a-, 
"W' or "R/W' added in parea.thesis near the displaament indicates whether input, output, or input/ 
output function is imp1cmmted while a '.' indicates that the TMS32010 must be in the reset state. 
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Table J: MEMORY MAP & 110 FUNCTIONS 

NAME 	 VME addr. TMS addt. DESCRIPTION 
displac. or 1/0 func. 

PMEM 	 0(-) SO 1st address of Program Memory ... SFFF(-) S7FF Last address of Program Memory 

DMEM SI000(-) S800 1st address of External Data Memory 

••• SIFFF(-) SFFF Last address of External Data Memory 


CMO S2000(W-) OUT 0 Write 8 - bit Command Register 

CMO S2000(R-) INO Read 8 - bit Command Register 

AIN S2002(R-) IN 1 Read next value from ANIN (ract BIO) 

BOXT S2004(W-) OUT 2 Write 16-bit Mail Box Rea. 


TMS32010 side 
BOXT S2004(R-) IN 2 Read 16- bit Mail Box Reg. 

VME side 
STS S2006(R-) IN 3 16-bit Status Reg. (Tab. S) 
ICW, S200A(R-) IN S 8 - bit CW FIFO's 
ELO S200C(W-) OUT 6 bits OIlS of OUT FIFO's 
ICCW S200C(R-) IN 6 8 - bit CC FIFO's 
OCCCW S200E(W-) OUT 7 8-bit CW & CC FIFO's 
STRIF S200E(R-) IN 7 Reset lost triger flag 

or software trigger if CMO bit S = 1 
or interrupt of TMS if CMO bit 4 - 1 

RSTRI S2010(W) 	 TMS32010 Reset Command (00= 1) 
Interrupt to TMS32010 (01 = 1) 
or software triger (02= 1) 

BOX6 S2012(W) Write 16-bit Mail Box Rea. 
VME side 

BOX6 S2012(R) Read 16-bit Mail Box Reg. 
TMS32010 side. TMS must be active 

ROFI S2014(R) 16-bit OUT FIFO's (read) 
ICRO S2018(R/W') lateaupt Control Reg.0 

to VME (OUT FIFO's) 
leRI S20lA(R/W) Interrupt Control Reg.l 

to VME (Mail Box Reg..) 
IVRO S201C(R{W) Interrupt Vector of OUT FIFO's 

toVME 
IVRI S201E(R{W) Interrupt Vector of soft interrupt 

from Mail Box Reg. to VME 

CERN - OELPHI 87 -70 OAS S8 Pap 16 	 1 July 1987 



LOGICAL UNIT FDDP users manual 

3.4 Comnumd Register (CMD). 

The Command Register is an 8 - bit register that can be read/written from VME with an I/O base 
address + 52000 memory location and from TMS32010 with IN PAO or OUT PAO instructions. (See 
Table 3) 

Table 4: COMMAND REGISTER 

BIT NAME ST DESCRIPTION 

0 not used 
not used 

I CRSI 1 Reset pointer ANIN 
0 Enable Cetch from ANIN 

2 ERSF I Enable Reset all FIFO's by software 
0 Enable Reset all FIFO's by Abort 

3 CRSF I Reset all FIFO's 
0 Enable writing to FIFO's 

4 EIN3 I Enable interrupt of TMSJ2010 
0 Disable interrupt of TMSJ2010 

5 EITR I Enable Internal Trigger 
0 Disable Internal Trigger 

6 FITR I BIOZ from FIFO's Full 
0 BIOZ from Trigger 

7 OUlA 1 Out - FIFO's generate BIO 
0 C.C.W. &. C.W. FIFO's generate BIO 

Bit 1: when set to 0, allows reading the 8 input channels. The reading is done by consecutive IN 1 

TMSJ2010 instruction or by ~.. base addr+ 52002 from VME-BUS. These instructioDS, 

whether from. TMS32010 or from the Crate Controller, reset also the 'BIO' level and. iDcnmr:Dt auto

metjcally tba ANIN po.iaIet. 

When set to I, resets the pointet to the first of the analog input channels on the ANIN card without 

waitiq for a banlwan: ABORT sigDa1. 


Bit 2 : enables the softwan: reset of all FIFO's. 

Bit 3: when set to I resets all FIFO's, when set to 0 allows writing to the FIFO's. 

Bit 6 &. bit 7 provide the possibility to check rapUUy if there is still space on the FIFO's before writing 
into them and prevents thus from losing data. This is done by swapping the BIO function from 
TRIGGER (bit 6 set to 0) to FIFO's (bit 6 set to 1 and bit 7 signa11ing whether Out or CW - cc 
FIFO's). 
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The program could be written in this form.: 

• 	 The program loops on a BIOZ instruction until a Trigger is generated 
• 	 then the program switches bit 6 of COMMAND REGISTER to 'I' 
• 	 the TMS32010 processes the data. 
• 	 Before writing to the FIFO's, the program checks by a BIOZ instruction if there is space in 

the FIFO memory and eventually loops until space has been freed. 
• 	 At the end of the analysis, the trigger is enabled by setting bit 6 to O. 

3.5 Status Register (STS). 

The 16- bit status register can be read by VME with the instruction read base addIess + 52006 or 
by TMS32010 with a 'IN 3' instruction (see Table 3). 

3.5.1 Status Register Flag dearance. 

• 	 Bits OIS. The FIFO's can be cleami: by software using bit 2 & bit 3 of Command Register; by 
an hardware ABORT, if enabled by bit 2 of Command Register. 

• 	 Bits 6/9 cannot be cleared since they don't belong to this TMS320 I 0 
• 	 A TMS32010 instruction 'IN 3' clears the following bits: 


bit 10 Reset Flag (Reset at TMS32010, set from VME - B1.:S) 

bit 12 Intmupt from VME-BUS Flag 

bit 13 Intmupt from TMS32010 (Trace) 

bit IS ABORT Status Flag 


• 	 A TMS32010 intruction 'IN 7' clears the 'Lost trigger from front panel Flag' (bit II). 
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Table S: STATUS REGISTER 

BIT NAME ST DESCRIPTION 

0 FI0R 1 16-bit Out-FIFO's 'OUTPUT READY' ('ORj 
0 16-bit Out - FIFO's "'EMPTY' 

FHR 1 16-bit Out - FIFO's 'FULL' 
0 16-bit Out - FIFO's 'INPUT READY' ('IR j 

2 F20R 1 8-bit C.W.FIFO's 'OUTPUT READY' 
0 8 - bit C.W.FIFO's "'EMPTY' 

3 F2IR 1 8-bit C.W.FIFO's 'FULL' 
0 8-bit C.W.FIFO's 'INPUT READY' 

4 F30R 1 8-bit C.C.W.FIFO's 'OUTPUT READY' 
0 8 - bit C.C.W.FIFO's "'EMPTY' 

S F31R 1 8 - bit C.C.W.FIFO's 'FULL' 
0 8 - bit C.C.W.FIFO's 'INPUT READY' 

6 F40R 1 8-bit C.C.W.FIFO's 'OR' ofadjaccnt C.W.TMS32010 
0 8 - bit C.C.W.FIFO's "'EMPTY' of adjacent C.W.TMS32010 

7 F4IR 1 8 - bit C.C.W.FIFO's 'FUll' of adjacent C.W.TMS32010 
0 8-bit C.C.W.FIFO's 'IR' ofadja.cent C.W. TMS32010 

8 FSOR 1 8 - bit C.W.FIFO's 'OR' of adjacent C.C.W.TMS32010 
0 8-bit C.W.FIFO's "'EMPTY' of adjacent C.C.W.TMS32010 

9 FSIR 1 8-bit C.W.FIFO's 'FULL' of adjacent C.C.W.TMS32010 
0 8- bit C.W.FIFO's 'IR' of adjacent C.C.W.TMS32010 

10 REOC 1 Reset at TMS320 10 'from VME - BUS oCCUll'Cd 
0 No Reset occumd 

11 LOTR 1 Lost triggers from front panel connector 
0 No triggers occurred during data analysis 

12 168 1 Interrupt from VME - BUS to TMS32010 
0 No Interrupts from VME- BUS oCCUll'Cd 

13 1TR 1 Interrupt from TMS32010 'IN PA7' (Trace) 
0 No Interrupt from TMS320 10 occured. 

14 Not used 
IS ABOC 1 ABORT occurred 

0 No ABORT occurred 
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3.6 FIFO hoard 

On this piggy back board are located the Clock - Wise, Counter- Clock - Wise and Out - FIFO's 
memories. The layout of connectors with the mother board is given in Fig. 4 The corresponding con
nectors sitting on the mother board are shown in Fig. 7 and described in section 8.2. 

The reason for having a separate board for the FIFO memories, is only due to cost, availability of 
components at the beginning of the 1986 and organization of parallel in, parallel out FIFO's. If there 
arise a need in the future to redesign the FODP six layer printed-circuit mother board for some rea
son, certainly this FIFO board will not exist any more because with the higher density FIFO's existing 
now on the market at lower price it will be possible to put all components on a single mother board. 

IP8A 
PfE. P1C P6E p,c. 
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, • N , 8 FE , 

I 
tJ.

l I 1 • l 
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J", I 1 f -, J , 1 
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FIgUn 4: FIFO Qnboard COltl'lltCltln Uqoul 
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SIGNAL 

MNEM. 


AOI-A15 


A16-A23 


A24-A31 


/ABORT 


/ATRIG 


. AMO-AM5 


/AS 

/BIO(A-B) 

DOO-DI5 

IDEN 

1 July 1987 

4. USER SIGNAL DESCRIPTION 

LOCATION SIGNAL NAME AND DESCRIPTION 

PI ADDRESS BUS (BITS 1/15) VME-BUS. 
Three - state driven address lines that are used to broadcast a short 
address. 

PI ADDRESS BUS (BITS 16/23) VME - BUS. 
Three - state driven address lines that are used in conjunction with 
AOl- A15 to broadcast a standard. address. 

P2 ADDRESS BUS (BITS 24/31) VME-BUS. 
Three - state driven bus expansion address lines. 

ABORT ABORT PROCESSING ON TMS32010 (A & B). 
The Abort Signal generates an interrupt to TMS32010 (A & B) and 
resets the ANIN board. See also "Front Panel Signals Description". 

P6A,P7A TRIGGER TO THE ANIN BOARD. 
Trigger signal from the mother board to the ANIN board.. 

PI ADDRESS MODIFIER (BITS 0-5) VME-BUS.. 
Three- state driven lines that provide additional information about 
the address bus, such as size, cycle type, and/or DTB master identifi
cation. 
Allowed configurations are 09 - OD - 39 - 3D 

PI ADDRESS STROBE VME-BUS. 
Three - state driven signal. that indicates a valid address has been 
placed on the address bus. 

TMS320 TMS320 EXTERNAL POLLING INPUT 
Extema! polling input ofTMS32010 for bit test and jump operation. 
When a low is present on this pin, executing the "BIOZ" TMS32010 
instruction activates the braDch 
Four extema! sources are c:omII:Cted. to this line and selected by the 
COMMAND REGISTER settina: 
- External Viger 

- J.ntemal Triger 

- Out - FIFO's full 

- C.W. &. C.C.W.FIFO's full 


PI DATA BUS (BITS 0-15) VME-BUS. 
Three state driven bidirectional data lines that provide a data path 
between the DTB master or slave. 

TMS320 
Data enable indicates the TMS32010 accepting input data on 
D15- DO for its data memory. 
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PI DATA STROBE 0 VME - BUS. 
Three state driven signal that indicates during byte and word transfen 
that a data transfer will occur on DO - D7 data bus lines. 

/DSI PI DATA STROBE 1 VME-BUS. 
Three state driven signal that indicates during byte and word transfen 
that a data transfer will occur on 08 - 015 data bus lines. 

/DTACK PI DATA TRANSFER ACKNOWLEDGE VME-BUS. 
Open- collector driven signal generated by a slave. The falling edge of 
this signal indicates that valid data is available on the data bus during 
a read cycle, or that data bas been accepted from the data bus during 
a write cycle. The rising edge indicates when the SLA VB has released 
the data bus at the end of a READ cycle. 

FxIR (A-B) P6E,P7E FIFO'S INPUT READY 
High when the FIFO's are not FULL. and FIFO's l.A;)ad Cock input 
is high. l.A;)w when the FIFO's are FULL. 
- available on bit 1, 3, 5, 7 and 9 of STS 
- it can be used to prevent further trigger processing if FIFO's are 
full 

/FI0R (A-B) P6C,P7C OUTPUT - READY OUT FIFO'S 
Generated when there is a data present on the 16- bit OUT- FIFO's 
- intenupts the VME via the MC68153 intenupt controller 
- intended to request fetch by external Energy Swn Processor (see 
below /FRF) via front panel connector PL9. 

FxOR (A-B) P6C,P7C FIFO"S OUTPUT READY 
High when a data is present on the FIFO's 
- available on bit 2, 4, 6 and 8 of STS 

IFRF (A-B) PL9A FRONT PANEL READ 'OUT-FIFO'S' 
PL9B 

Generatccl by the extemal device Energy Sum Processor, 
it unclocks the 16-bit result from the 'OUT-FIFO's' of 

TMS32010 (A or B) aDd. scads it through buffers to the Front Panel 
Out-FIFO's-BUS. 

/IACK PI INTERRUPT ACK.."'lOWLEDGE VME - BUS 
An op::D -collec:tor or tb:ne -state drin:n. sipJai 'WJIeCl. by the 
INTERRUPT HANDLER MC68153 acknowledging an intcmlpt 
request. 

IIACKIN PI INTERRUPT ACKNOWLEDGE INVME-BUS 
A totem - pole driven signal. IACKIN* and IACKOUT* signals 
form a daisy - chain. The IACKIN* signal indicates to the VME bus 
board receiving it that an INTERRUPT ACKNOWLEDGE CYCLE 
is in progress. 

/IACKOUT PI INTERRUPT ACKNOWLEDGE OUT VME BUS 
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A totem-pole driven signal. lACKIN and IACKOUT- signals 
form a daisy-chain. The lACKOUT- signal is sent by a board to 
indicate to the next board in the daisy-chain that an I~"TERRUPT 
ACKNOWLEDGE CYCLE is in progress. 

/IRQI-7 PI INTERRUPT REQUEST (1-7) VME - BUS. 
Open - collector driven signals, generated by the interrupt controller 
MC68153, which carry prioritized interrupt requests. Level seven is 
the highest priority. 

/MEN TMS320 TMS320-DATA ENABLE ON PROGRAM MEMORY 
Memory enable indicates that DIS - DO will accept external program 
memory word. 

MR P6A,P7A READ/WRITE ENABLE FOR ANIN MEMORY 
Read/Write signal for the Program or Data memory on the ANIN 
board 

MSX P6A,P7A CHIP SELECT FOR ANIN MEMORY 
Selects the Program or Data Memory on the ANIN board. 

Rl P6A,P7A INPUT DIGITIZED DATA FROM ANIN 
A pulse on this line fetches data from Flash ADC converters. 

P6E,P7E READ CW &. CC FIFO's. 
Read Cock-wise and Counter-clock-wise FIFO's. 

RES 
o = TMS32010 Activity 1 = VME Activity 

RFILW P8D READ 16-bit Out - FIFO's. 
Output Enable signal to the Out - FIFO's buffers. 

ACRSI P6A,P7A RESET POINTER ANIN 
Sipal from the mother board to the ANIN board to reset the pointer 
of the 8 Flash ADC. 

RSF P6C,P7C RESET ALL FIFO's 
Signal from the mother board to the FIFO board that resets Cock-
wise, CoWlt.C:r-lock - Wue aDd. Out. - FIFO's 

SLOT P6A,P7A LOST TRIGGER SIGNAL 
Two consecutive triger occured while the TMS32010 was processing. 
Thus data of the first trigger are memorized in the Flash ADC buffers 
and the second will be lost. Sipal from the ANIN board to· the 
mother board. 

SYSCLK PI SYSTEM CLOCK 
A constant 16 - MHz clock sigaal that is independent of processor 
speed or timing. This signal is used for general system timing usc. 

SYSR P6A,P7A SYSTEM RESET TO THE ANIN BOARD 
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/SYSRESET Pl SYSTEM RESET 
Open - collector driven signal. which, when low, will cause the system 
to be reset. 

UEF P6C,P7C UNCLOCK FIFO's DATA. 
Signal from mother board to FIFO board corresponding to RDFI 
function of table 3. 

(WE TMS320 TMS320 WRITE ENABLE TO PROGRAM MEMORY 
Write enable indicates valid data on D15- DO. 

/WRITE Pl WRITE 
Three - state driven signal that specifies the data transfer c:ycle in 
progress to be either read or write. A high level indicates a read oper
ation; a low level indicates a write operation. 

W3,W4 P6A,P7A WRITE FUNCTION TO ANIN 
Two write function listed in table 3. (Not used in FEMC - DELPHI) 

Wx P6E,P7E WRITE FUNCTION TO FIFO's. 
Signals from the mother board to the FIFO board. (See table 3) 

f7 

~ 
11.-J6 
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5. JUMPER SELECTION 

5.1 11/116 - MEMORY MAP-SELECT 

Tabl,6: BASE ADDRESS JUMPER SELECTION 

ADDR. STAT. JUMPER CONDITION 

All 0 J16 INSERTED 
AlO 0 J1S INSERTED 
A29 0 J14 INSERTED 
A28 0 J13 INSERTED 
Al7 0 J12 INSERTED 
Al6 0 J11 INSERTED 
A2S 0 J10 INSERTED 
A24 0 J9 INSERTED 
A23 0 J1 INSERTED 
A22 0 J2 INSERTED 
All 1 J3 REMOVED 
Ala 0 J4 INSERTED 
A18 0 JS INSERTED 
A17 0 J6 INSERTED 
A16 0 J7 INSERTED 
A1S 0 J8 INSERTED 

A19 - 1 BROADCAST 
- 0 SELECf ONLY ONE BOARD 

A14 - 1 SELECT TMS32010B 
- 0 SELEcr TMS32010A 

A13 - 1 SELECT 1/0 FUNCTIONS 
- 0 SELECT MEMORY FUNCTIONS 

(The previous example of decoding is for ADDR .. 00200000 Hex) 
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6. FRONT PANEL CONNECTORS 


6.1 TRIGGER 


• 	 30 nsec from the falling edge of the TIL TRIGGER signalt the 16 input analog values are 
sampled simultaneously. They are converted by sixteen 8-bit FLASH AOC converters. 

• 	 At the Trigger falling edge, a 'BIO' signal is sent to the two TMS32010 processors. Each 
TMS32010 will read sequencially N outputs of the ADC converters with· a squence of IN I 
instructions. The IN I instruction automatically reset the 'BIO' level. 
Input values in the TMS32010 memory are then processed to give a result in a 16-bit word 
Out - FIFO's. 
When the result is present on the Out- FIFO's, an inte1'rUpt is generated to the VME- BUS, 
a level is set on the 'Status Register- bits' and on the 'Front Panel OR -line'. A master ex
ternal device (Energy Sum Processor for the Delphi trigger application) connected to the front 
panel connector 'P3' can then fetch asynchronously the results at the muimum speed of 20 
Mbyte/sec. 

• 	 During acquisition time (= conversion time 200 nsec plus 'IN' from TMS320 Nx400 nsec) 
further triggers are disabled (see section 9.3). 

• 	 Further triggers occurring during the acquisition time are tlagged by the 'Lost - Trigger - Flag' 
(bit 11 of STS of Table 5). 

• 	 Lemo connector (see Fig 6) 
• 	 Ground and Signals are referred to the Digital Power Supply. 

6.2 ABORT 

'. 	A TIL falling edge signal on this line stops the process (see also section 9.3). 
• 	 Within 25 nsec from the falling edge of 'ABORT', the board is ready to make the acquisition 

of other 16 analog input channels 
• 	 It resets the pointer of ANIN - board. 
• 	 . It resets 'Lost - Trigger- Flag' settings. 
• 	 If enabled by bit 2 of Command Register it clean all FIFO's. 
• 	 Lema (see Fig. 6) 
• 	 GroWld and Signals are ie£eued to the Disital Power Supply. 

6.3 PL9A &: PL9B "OUtpllt Relllly (OR) ofOllt- FIFO'J'" 1i,1IIIb 

• 	 When a result is present on the Out - FIFO's, a TIL 1eve1- 1 is set on these lines. The master 
extemal device (Energy Sum Processor for the Delphi triger application) connected to the 
'P3' froIIt pami DATA-BUS com=:tart reading this lim: caD thea fetch at any time the re
sults from the Out-FIFO's. 

• 	 Lemo (sec Fig. 6) 
• 	 Ground. and signals are refem=d to the Digital Power Supply. 

6.4 PLOA & PLOB"UIICloclc o/Out-FIFO's" sigub 

• 	 At the muimum rate of 10 MHz an 'UNCLOCK' TIL pulse can be sent from an external 
master device (Energy Sum Processor for the Delphi trigger application) in order to read the 
results from the Out - FIFO's of each module (see Fig 10. Fig. 11 and section 9.4). 

• 	 Lemo (see Fig. 6) 
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• Ground and signals arc referred to the Digital Power Supply (see Table 7). 

6.5 P3A "16-bit Out-FIFO'r' signals 

It is a three-state bus carrying the TIL levels from the Out- FIFO's. Any external device can 
forward the Out - FIFO's data onto this bus by sending the Out - FIFO unc10ck signal. 

Tablt 7: PJA 'FronlpantIOut-FIFO's DATA-BUS'. Pin auig1rmenl 

I NC NC 11 

2 12P8D-DO 2P8D-D8 12 

3 13P8D-DI 3P8D-D9 13 

4 14P8D-D2 4P8D-DIO 14 

5 ISP8D-D3 SP8D-Dll IS 

6 16P8D-D4 6P8D-D12 16 

7 17P8D-DS 7P8D-D13 17 

8 18P8D-D6 8P8D-D14 18 

9 19P8D-D7 9P8D-D15 19 

10 OND OND 20 


• 16 pin connectors (see Fig. 6) 
• Ground and signals arc referred to the Digital Power Supply. 
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7. BACK - PLANE CONNECTORS 


7.1 PI "VME backpltute connector" sigtuds. 

All lines are referred to the Digital Power Supply. 
This appendix identifies the VME- BUS backplane PI (see Fig. 6) connector pin assignments. The 
following table lists the pin assignments by pin number order. (The connector consists of three rows of 
pins labeled rows 'a', 'b', and Ie'. See Tab. 8). 
The description of each line used on this board is listed in alphabetical order in chapter 4 'User Signal 
description'. The lines not used on this board are described in the VME - B US Specification Manual. 

Table 8: PI back p/o.ne connector VME- BUS. Pin auignnwnt 

ROW. ROWb ROWe 

PIN SIGNAL SIGNAL SIGNAL 
MNEMONIC MNEMONIC MNEMONIC 

1 000 BBSY* 008 
2 001 BCLR* 009 
3 002 ACFALL* 010 
4 003 BGOIN* Oil 
S 004 BGOOUT* 012 

6 DOS BGUN* 013 
7 006 BG10UT* 014 

8 007 BG2IN* DIS 

9 GNO BG20UT* GNO 

10 SYSCLK BG3IN* SYSFAIL* 

11 GNO BG30UT* BERR* 

12 OSl* BRO* SYSRESET* 

13 OSO* BRI* LWORO* 

14 WRITE* BR2* AMS 

IS GNO BR3* A23 

16 OTACK* AMO A22 

17 GNO AMI A21 

18 AS* AM2 AlO 

19 GNO A.t.\13 Al9 

20 lACK* GND Al8 

21 IACKIN SERCLK (1) A17 

22 IACKOtJT* SEROAT (1) Al6 
23 AM4 GND A15 
24 A07 IRQ7* A14 

25 A06 IRQ6* Al3 

26 AOS IRQS* Al2 

27 A04 IRQ4* All 

28 A03 IRQ3* AIO 

29 A02 IRQ2* A09 

30 AOI IRQ1* A08 

31 -12V +SVSTDBY +12V 

32 +SV +SV +SV 
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7.2 P2 "VME backplane cOMectorH signals 

The 32 -lines of the central row ~. of this connector are the extension of the VME - BUS for 32 bit 
DATA and Address. The 32-lines of side rows "a" and "c" are reserved for external analog ground. 
supply voltage and C.W.FIFO/C.C.W.FIFO's comunication signals (see Tab. 9 and Fig. 6). 

Table 9: P2 back plane connector VME- BUS. Pill a.sSig1U'llellt 

ROWb 	 ROWeROW a 

PIN 	 SIGNAL SIGNAL SIGNAL 
MNEMONIC MNEMONIC MNEMONIC 

1 P8E> DO-A + 5 Volts 33-P8E> DO-BCWF 
2 P8E> D1-A GND 34-P8E> D1-BCWF 
3 P8E> D2-A RESERVED 35-P8E> D2-BCWF 
4 P8E> D3-A A24 36-P8E> D3-BCWF 
5 P8E > F5IR-B> A25 37-P8E> F5IR-B 
6 P8E > F50R- B> A26 38- P8E > F50R- B 
7 P8E < IN 6-A A27 39-P8E < IN 6-A< 
8 P8E> D4-A A28 4O-P8E> D4-BCWF 
9 P8E> D5-A A29 41-P8E> D5-BCWF 
10 P8E> D6-A A30 42-P8E > D6-BCWF 
11 P8E> D7-A A31 . 43-P8E> D7-BCWF 
12 NC GND NC 
13 A- +5 Vots A
14 A- D16 A
15 A- D17 A
16 AGND D18 AGND 
17 AGND D19 AGND 
18 AGND D20 AGND 
19 A+ D21 A 
20 A+ D22 A 
21 A+ D23 A 
22 P8E < DO - ACCWF GND 54-P8E < DO-B 
23 P8E < 01-ACCWF 024 55-PBE < DI-B 
24 P8E < D2-ACCWF D2S 56-P8E < D2-B 
25 P8E < D3-ACCWF 026 57-P8E < 03-B 
26 P8E < F4IR-A D27 58-P8E < F4IR~A< 
27 P8E < F40R-A 028 59-P8E < F40R-A< 
28 P8E> IN 5-B> D29 6O-P8E > IN 5-B 
29 P8E < D4-ACCWF D30 61-P8E < D4-B 
30 P8E < D5-ACCWF D31 62-P8E < D5-B 
31 P8E < D6-ACCWF GND 63-P8E < D6-B 
32 P8E < D7-ACCWF +5 Volts 64-P8E < D7-B 

CERN - DELPHI 87-70 DAS 58 Page 30 	 I July 1987 



Back plane connectors FDDP users manual 

DO-A = DO ofTMS32010A data bus. 
DO- B = DO ofTMS32010B data bus. 
DO - ACCWF = DO of CoWlter Oock WISe FIFO data bus of TMS32010A 
DO-BCWF = DO ofOock Wise FIFO data bus ofTMS32010B 
IN 6 - A = IN PA6 from TMS32010A; IN 6-A < = IN PA6 from off board TMS32010A 

Alllines, except the ones listed below ate refemd to the Digital Power Supply. 
4 AGND -lines carry the analog ground 
4 A + -lines carry the +S Volt anSlog supply. 
4 A - -lines carry the - SVolt analog supply. 

Information flow direction are indicated by'>' and • <' angular simbols (see also Fig.2). 
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8. ON BOARD CONNECTORS 

8.1 FDDP connectors to piggy-back ANIN boards 

These connectors are provided for the analog input modules" ANIN" 

Table 10: P6A & P7A 

1 
2 
3 
4 
S 
6 
7 
8 
9 
10 

CONTROL UNES for ANIN boQTd 

Rl 
ATRIG 
SLOT 
ACRSI 
ABORT 
MSX 
MR 
SYSR 
W4 
W3 

Table II: P6D &: P7D ADDRESS LINES for ANIN boQTd 

1 All 
2 A10 
3 A9 
4 A2 
S AS 
6 A6 
7 A7 
8 Ai 
9 A3 
10 AO 
11 A4 
12 A8 
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Table 12: P6B" P7B TMSJ2010 DATA BUSforANIN board 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

DO 
01 
02 
03 
D4 
05 
06 
07 
NC 
NC 
NC 
NC 
08 
09 
010 
011 
012 
013 
014 
015 

Table IJ: P6F" P7F POWER SUPPLY for ANIN bOQTd 

1 +5 +5 11 
2 +5 +5 12 
3 GNO GNO 13 
4 GNO GND 14 
5 A+ A+ 15 
6 A+ A+ 16 
7 AGND AGNO 17 
8 AGND AGND 18 
9 A A 19 
10 A A 20 

All lines, except the ones Jistecl below, are referred. to the Digital Power Supply. 
GNOA 4-lines for analog ground. 
+ SVA 4-lines for analog power supply 
- SVA 4 -lines for analog power supply 
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B.2 FDDP connectors to piggy-hack FIFO hoard 

Table 14: P6C &. P7C I P6E &. P7E CONTROL LINES for FIFO board 

1 F50R W7 
2 F40R W6 
3 F30R W5 
4 F20R R6 
5 IFI0R R5 
6 UEF F51R 
7 NC F41R 
8 RSF F31R 
9 NC F2IR 
10 NC FUR 

'Table IS: PBA d:. PBC DATA -BUS ofTMSJ2010A d:. TMSJ2010Bfor FIFO board 

1 GNO GNO 11 
2 00 08 12 
3 01 09 13 
4 02 010 14 
5 03 011 15 
6 D4 012 16 
7 05 013 17 
8 06 014 18 
9 07 015 19 
10 +5 +5 20 
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Table 16: P8B DATA - BUS from trfJ1l.Sreceivers to VME for FIFO board 

1 00 08 11 
2 01 09 12 
3 02 010 13 
4 03 011 14 
S D4 012 IS 
6 OS 013 16 
7 06 014 17 
8 07 01S 18 
9 NC NC 19 
10 RFILW NC 20 

Table 17: P8D Out-FIF(YsDATA-BUS!orFIFObOQTd 

1 ONO ONO 11 
2 0812P3A 002P3A 12 
3 0913P3A 013P3A 13 
4 010 14P3A 024P3A 14 
5 011 ISP3A 03 SP3A IS 
6 01216P3A D46P3A 16 
7 01317P3A OS 7P3A 17 
8 01418P3A 068P3A 18 
9 01519P3A 079P3A 19 
10 +5 +S 20 

CERN - DELPHI 87-70 OAS 58 Page 36 1 July 1987 



On board connecton FDDP users manual 

Tobie 18: P8E T}JSJ2010A. & TMSJ2010B DA.TA.-BUS tD CW & CCW FIFO's 

for FIFO.board 

1 IP2A 33P2C 33 
2 2P2A 34P2C 34 
3 3P2A 35P2C 35 
4 4P2A 36P2C 36 
5 5P2A 37P2C 37 
6 6P2A 38P2C 38 
7 7P2A 39P2C 39 
8 8P2A 4OP2C 40 

9 
10 

9P2A 
10P2A 

41P2C 
42P2C 

41 
42 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
'21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

IIP2A 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
22P2A 
23P2A 
24P2A 
25P2A 
26P2A 
27P2A 
28P2A 
29P2A 
30P2A 
31P2A 
32P2A 

43P2C 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
54P2C 
55P2C 
56P2C 
57P2C 
58P2C 
59P2C 
6OP2C 
61P2C 
62P2C 
63P2C 
64P2C 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
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9. APPLICATION EXAMPLES 


9.1 FDDP - A modular system unit 

FDDP isa modular system based on the 'LOGICAL UNIT' (see description in chapter 3). 

A system can be configured with many parallel processing Logical Units with a personalized 
ANIN (analog input module) capable of executing almost 5 MIPS each. 

At present a 30 MIPS system consisting of six Logical Units has been built in VME and works 
satisfactorily. 

9.2 Examples ofdifferent persolUllized ANIN boards. 

The ANIN board is the interface between the Logical Unit and the detector and is theJ:efore de
tector dependent. 

The task of this board is to transform signals from analog to digital by means of Flash ADC. 

There are essentially two types of applications: either a single digitalization of the signal is needed 
or the entire shape of the signal is required. 

In the tint case (as in Delphi trigger application, see Fig. 9 ANIN1), a single register is sutDcim.t 
for each input line. The task of the DSP is to process the data (e.g. subtract pedestals, correct with 
calibration constants, sum data, etc.) and eventually comlate the data with neighbor Units by means 
of CW and CC FIFO's. 

In the second case (see Fig. 9 ANIN2) the ANIN samples the analog input at given rates and 
store results in a data memory. The task of the DSP is to read the memory and make a pulse shape 
analysis (taking derivatives of the pulse, finding the muimwn, minimwn, time duration or center of 
gravity, subtracting pedestals, etc.). 

Figure 8 illustrates two' possible CODfigurations of FDDP systems for the single register case: the 
VME version with two Logical Units associated with two ANIN boards, and the FASTBUS version 
with six of each. The same ANIN boards are used in the two versions except for different analog input 
cormecton. On the VME version the inputs can be affected through distinct LEMa coDDedOn or 
with cou:ial flat. On the FASTBUS version, space limjtari"D. on the front panel allows only 16-way 
couial flat cormecton. Here the analog inputs to the ANIN boards (sec Fig. 8) are carried between 
ground layers in the im&a: layers of th& printed. cUcuit.. 
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9.4 Application example to calorimeters (FEMC- DELPHI) 

The Forward Electromagnetic Calorimeter of the DELPHI detector consists of two large fine 
grained lead glasses walls, equipped with a new type of low gain, magnetic field tolerant, one - stage 
vacuum phototriode [9]. Each wall consist of about 4000 lead glasses, phototriodes, charge preamplifi
ers and shapers. 

The analog signals derived from the shapers are sent to the readout electronics [10] and to the 
trigger electronic system [1]. 

The trigger scheme proposed for DELPHI [11] requires for the FEMC: 

• 	 multiplicity data for the first level (3 usee) 
• 	 total energy informa1ion for the second level (within 39 usee, See Fig. 14). 
• 	 cluster finding with the associated, infonnation of cluster energy and cluster center of gravity, 

for the third level (see Fig. IS). 

The 4000 shaper signals are reduced in the FEMC system trigger to 1000 (blocks) and 192 (su
perblocks) by means of analog sums (see Fig. 13). The 192 superblock signals are grouped in 24 sec
ton and are sent to analog comparaton for the' first level trigger and to the FDDP board. For each 
sector there is a Logical Unit with 8 superblock signals as inputs (see Fig. II and Fig. 12). The ANIN 
board is of the type shown in Fig. 9 (ANIN1) and described in Appendix A (see also Fig. 2S). 

Each Logical Unit at each sector, in parallel with the others, does the following tasks: 

1. 	 calculates sector energy for the second level trigger (see timing diagram Fig. 14); for this task 
the Unit: 

• 	 inputs 8 superblock values from ANIN I module (Ai) 

• 	 subtracts pedestals 
• 	 compares with threshold 
• 	 multiplies Ai x calibration constant of superblocks above threshold, to obtain the superblock 

Energy Ei 
• 	 adds superblock Energies to yield Sector Energy 
• 	 writes Sector Energy to Out - FIFO's 

2. 	 finds the c:J.um:n [12] for the third level trigger (see timing diagram Fig. IS); for this task the 
Unit: 

• 	 reads from Cock W'uc and. Counter Clock W'uc FIFO's 
• 	 finds Ousters 
• 	 writes Cuater Cca.tcr of Gravity to Out - FIFO's 
• 	 writes Custer Energy Ec to Out - FIFO's. 
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superblock 

sector 

Iolock 

counter 


Figure /3: FEMC- DELPHI ctJ/o1"lmeter segmentation in Quadrant, Sector, Superblock, Block, 
Counter. 
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9.4.1 DeYeiopment ad test. 

Tlu:ee VME version FOOP's with a total of 6 Logical Units were fully tested with constant input 
levels by March 27th 1987. The first dynamic test was then made on the complete electronic chain: 
phototriodes, charge preamplifiers, shapers analog adders and FOOP. An electronic test - in sisnal of 
about 40 m Volt was used to simulate the signal generated by the beam. This sisnal comsponding to 1 
Gev electrons gives typically 5 digital counts. 

On April 30th a test was made at CERN on the electronic chain: phototriods, charge preamplifi
ers, shapers, analog adden and FODP. The results were compared with data obtained by the conven
tional data acquisition chain (Le Croy Camac modules ADC converters) and full agreement was 
found. 

9.4..2 FEMe - DELPHI triger monitoring fadUdel. 

To monitor the data low on the 6 Logical Units, a monitoring routine was developpecl which 
displays, upon request, the status of each Logical Unit and of the associated TMS32010. A typical 
display is shown in table 19 . Rows 1 to 14 contains the STS bits for the last three display requests, 
line 15 is the actual CMD register content, the last rows show the TMS32010 registers. To call the 
monitoring routine, TMS32010 user application program must have breakpoints in crucial points, sig
nificant to monitor the low of the program. One step causes execution of the program to the next 
breakpoint, ·n· steps causes execution through n breakpoints (see also Appendix B2 and C3). 

Table 19: Screen pGge DfFEMe monitDring progrQl7l. 

UNIT 1 UNIT2 UNIT3 UNIT4 UNITS UNIT6 
new/old new/old new/old new/old new/old new/old 

F lOR OutF ready 001 010 000 100 000 001 
L F lIR OutF full 000 000 000 000 000 000 
0 F20R eMf ready 100 010 010 001 110 000 
0 F2IR eMf full 000 000 000 000 000 000 
I F30R cdf ready 000 III 011 100 110 100 
C F31R cdffull 000 000 000 000 000 000 
A F40R ajccw ready 001 010 100 000 111 011 
L F4IR ajccw full 000 000 000 000 000 000 

FSOR .jew ready 011 000 001 010 100 001 
U FSIR. .jew fun 010 010 010 010 010 010 
N REOCntTMS 000 000 000 000 000 000 
I LOTR. Jolt q. 000 001 010 100 110 010 
T 168IRQ from VMS 010 110 000 III 011 000 

ABOC Abort occ. all 101 000 101 101 101 
CMDrea. 00 84 7E 55 FE E4 

T Ace. high S47E 0000 0324 4530 ES6F 0E42 
M Ace. low S9AB 6729 B34A 239B S8BA 46BA 
S STATUS REG. 0000 0000 0000 0000 0000 0000 
3 AUX REO.O 040 006 050 080 000 ooA 
2 AUX REO.l 007 106 070 053 29B 06F 
0 Prog. Counter 030 073 OB8 012 050 03A 
M-Mon., T-next Test, C = Cont., N - number steps, Any key = One step 
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9.5 Application ezample to straw tubes. 

The description of the proposal of the second level trigger based on straw tube signals in the 
FERMI- LAB experiment E760 is described elsewhere [13]. 

The FDDP in this cue will be interfaced to an existing acquisition conversion system (I.e Croy 
CAMAC modules FERA 4300B) with a simple ECL- TIL interface in place of the ANIN boud as 
sho'WD. in Fig. 16 

The complete system layout, that reduces the trigger rate by calculating in about 40 usee the total 
charge and charge partitioning of the straw tube signals above threshold, is shown in Fig. 17 

Figrn 16: uDmp/e ofANIN board that interfaces dGtG/rom FEIU. (Le Croy) unit 
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CAlfltC 

Figun 17: utlmple 01FDDP procumtg dGttJ from 3tNW- tuba 
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9.6 Application e%lImpies to drift cluzmbers 

A rapid pulse shape analysis of drift chamber signals is needed for many trigger applications. 

The accurate reproduction of the signal shape in digital fonn by Flash ADC yields good time and 
amplitude resolution and allows using digital processing aJaorithms in place of hardware analog func
tions. 

The enonnous amount of data produced in a large system can effectively be reduced on line by an 
FDDP parallel system that effects zero suppression and shape analysis. 

Wlthout loss of relevant information (signal time and charge). the data are compressed within the 
tight time constraints with a processing time usually obtained only with analog readout. 

9.6.1 Example of hit eeatel' of gravity and total eneru ealcuiatian 

In order to have a precise idea of the time needed to calculate the ccn. of sravity and total en
ergy of a track in a drift chamber. an eumple is given for a simple request of recognizing an isolated 
track. 

Let us suppose a data acquisition and conversion system that for each wire or group of wires, 
samples and converts the analog input 1SO times per event (the digital sampling rate, of no importance 
for the digital algorithm, can range from 10 nsec to hundreds of naec, Sec Fig. 19) 

that the :rnuUnum time duration of a pulse (also called: hit, cluster or track) is of:rnuUnum 64 
consecutive samples above threshold. 

The digital algorithm tuk for each wire is then (see Fig. 18): 

• find the cluster 
• ca1c:u1ate its energy 
• ca1c:u1ate its Center of Gravity 

This algorithm, coded in TMS32010 assembly language as shown in Tab. 20, ca1cu1ates the above 
parameters for one cluster in 250 uscc. 

Further and similar analysis can yield: 

• coordinates from cluster analysis 
• time and amplitude calibration 
• individual sipal WitcCtiull (pedestal and slope) 
• double track separation, by rapid algorithms based on signal derivation (see Fig. 20). 
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9.6.2 Guidelines to configure a FDDP system for drift chamber analysis. 

In configuring a system of parallel processon based on Logical Units (FDDP boards) and in de· 
signing the penona1ized ANIN board. ( a very general indication of an ANIN2 board for drift cham
ben is given in Fig. 9), the following considerations must be made: 

I. 	in designing the penona1ized ANIN board.: 

a. 	 analog signals should be optically isolated from digital signals 

b. 	 drift time and Flash ADC sampling rate should be optimized (memory size per 
channel) 

c. 	 Flash ADC resolution could be optimized by allowing also non linear gain to extend 
dyuamic range 

2. 	 in configuring the para11el system processor, optimization can be done on: 

a. 	 typical number of samplings per hit 

b. 	 typical number of hits/channel 

c. 	 time for algorithms needed for the: 

• 	 linearization of inputs 
• 	 detection of hits 
• 	 calculation of hit center of gravity 
• 	 calculation of amplitude 
• 	 double tracks separation (derivation and zero - emu analysis). 

3. 

The optimization must also take into account the maximum time available for data te
duction. The laUcr will essentially determine how many channels a Logical Unit can process 
and t.hc:n:fote the level of parallelism needed 
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Figure 21: FDDP mother board 
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Figure 22: ANINI aM FIFO piggy back boards 
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Figure 23: FDDP board lUsembled with ANIN and FIFO boards. 
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APPENDIX A 

ANINI BOARD 

A.I AnIIlog'llIput board/or FEMC- DELPHI trigger. 

The ANIN - board provides e1edrical isolation between the Analog Circuits and Digital Circuit 
by means of the'HPCL- 2630' dual TIL compatible optocoup1ers. Attention must be paid. when 
connecting I/O cables to the connectors on the board. It is important to use the appropriate ground 
signal for each connector and maintain the power supply isolation as described in the chapters 'Front 
Panel Connectors' and 'Back - Plane Connectors'. 

Simultaneously 8 di1fermt Flash ADC convert 8 analog input sigDals. A strobe signal starts 
the conversion (Trigger falling edge pulse delayed by 30 nsec). A two pulse train propagates the con
vened value to the D-Type FF inside the .S8328' Flash ADC (see fig. 25). The tbn:e-state output 
D - Type Registers are connected all together and, through an output enable at each Flash ADC, the 
data are placed on the bus one at a time. 

The digital values are then fetched by the TMS32010 with N consecutive 'IN' insuuctions. 

A.I.I PLIA/pLiA '" PLIB/pLSB - ANALOG ll''PUTS (ANINI board) 

Table 21: PLIA/PLBA & PLIB/PLBB Lemo connector ANALOG INPUTS (ANINI bOQTd). 

LEMO SIGNAL LEMO SIGNAL 

PLIA CH1-TMS32010A PLIB CHl-TMS32010B 
PL2A CH2-TMS32010A PL2B CH2-TMS32010B 
PLlA CH3-TMS32010A PL3B CH3-TMS32010B 
PlAA CH4-TMS32010A PlAB CH4 - TMS320 lOB 
PLSA CHS - TMS320 lOA PLSB CHS- TMS32010B 
PL6A CH6-TMS32010A PL6B CH6-TMS32010B 
PL7A CH7-TMS32010A PL7B CH7-TMS32010B 
PLSA CH8 - TMS32010A PL8B CH8-TMS32010B 

• 2·8 analog inputs to Flash ADC. 
• Lcmo (see Fig_ 24) 
• Ground and signals are referred to the Analog Power Supply_ 
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A.l.l P6H &. P7H - k~ALOG Il''PL7S (AI~1Nl board) 

Table 22: P6H d: P7H 20 pin connector ANALOG INPUTS (ANIN / bOQ1'd) 

1 NC NC 11 
2 NC NC 12 
3 CH8 GND 13 
4 CH7 GND 14 
S CH6 GND IS 
6 CHS OND 16 
7 CH4 GND 17 
8 CH3 . GND 18 
9 CH2 GND 19 
10 CHI OND 20 

Ground and signals are refferd to the Analog Power Supply . 

.... .. 
;..... 

, 51 

PlA
PI. 1 
PLt 
PLl 
PL, 

'LS 
PL' 
PLl 
PLI "F'L N. 

Figure 24: ANINJ on boQ1'd connectors layout 
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APPENDIX B 

TMS32010 ASSEMBLY ROUTINES 

B.I TMS32010 software suppo,t routine (tracing p,og,lIIII). 

As described in section 1.1.1 a trace facility of TMS32010 programs is available, which does not 
requir= modifications of the user program. 

This facility requires configuring the TMS32010 program memory as described in Fig. 26 

The trace intemlpt routine is listed in Table 24 
Instructions at addtess 8 - 11 are needed to initialize the trace routine and must be loaded on the top 
of the user application program. 
The interrupt tracing routine saves the TMS32010 register context, reads through the Mail- Box the 
command given by the user, executes it and writes the data described. in Table 23 into the Out
FIFO's. 
The MC68000 programs which tad the data from the Out- FIFO's is described. in Appendix C1, the 
display routine is described. in appendix C2. The commands available are 1istecl in table 23; they are 
given through the keyboard and interpreted by the MC68000 program described. in Appendix C2. 

Table 23: Scnenpage ofTMSJ20JO trace program 

••• TMS32010 TRACE UTILITY ••• 

HEX BINARY 
XX'X.'lCa%'l.xxxxxy__%_~XXlCCaXX.~":::« i UAce. 
Alxx U U.X:aJCCCa.:axxxY_'I''l.XXUlCCCt 

T reg. 
P reg. 

XdI:OXALxu;xuo..u AuxRegO: lCCCt AuxRegl: XI.XX DP: x 
STS reg. XID'IUJ: DDDU. ARP: It OVM: It OV: It 
Pereg. ~,.n::AX StackO: xxx Stackl: lCCt Stack:2: xu. 

••• Logical Unit Trace ••• 
STS reg. JC x:u t..UA..AJ..xilA, II CMD reg. :IX 'QXI DXI' 

M - Mon.. T - neJ:1 Test. C - Cont., N - number of steps, Any key - One step 

- TMS32010 TRACE UTILITY 

HEX BINARY 

X' i *i U 'L.X IJ U U \.aX;« u:x:x:u.u i U 'xx 

Preg. 
Atx. 

J LU U *':« J:XOj[j i UJCI..l........ ' 'III Xux:u:aIX 
Treg. JUXliiLJUJII'U AuxRegO: lCCCt AuxRea1: un DP: x 
STS reg. lI..."QUULUUlUI ARP: It OVM: X OV: It 
PC reg. XXD U'%..V.>:tX. StackO: xxx Stack1: xu. Stack:2::ax 

••• Logical Unit Trace ••• 
STS reg. Xiiivt~:UUiit6X CMD..rea. xx DJCt.lCCCt 
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Table 24: TMSJ2010 Interrupt trace routine. 

~TRACI 
...... 

13010 PARILY RACRO ASSEMBLER PC3.1 '4.101 00:51116 01-25-17 
PAGE 0001 

TRACI 32010 PAKILY MACRO ASSEMBLER Pe2.1 14.107 00:57:16 01-25-87 
PAGE 0002 

0001 • OOU • "ove Aceu.ulator to Auxiliary Re9iater
Oos. • • •0003 • AU'l"lfOR: O. CROSETI'O • • R • 0001 .Jul, lat .J"7 0057 001B 500A SItI. SACL 10,0 store AC to internal .... 10• DAft: • 0 •0004 00" OOIC lIOA LAR DO,10 Re-load ARO• • G •0005 • TMS120l0 7aAC! protra. tor PODP 005t 0010 61.0 LAR. 0 Load DO pointer
0060 • • R • 0001 • 0061 • A • 

0007 lor • "ove Auxiliary aeqiatar to Aceu.ulator•......CI· 

-
0012000' DIP t'lACi • · • ".•0063 0011 100A SAR ARO,IO Saya AROooot • •••••

0010 0000 8AY"" IQU 0 twS12010 stAYUS RECISTER 00.4 OOlf 300A LAC 10,0 Load into accu.ulator 

0011 ' 0001 ITAYU8 IQU DY8TI+I UJGtCAL ..IT stATUS REGISTER 0065 0020 FrOO BZ LVAWE 

0013 0002 'rIIIP STATUI+I Teaporary .ariable 0021 OOIA 

DOll 0001 UIIlft IQU TIM"l Unit, variable 
 0066 0022 1900 B ZERO 

0014 0004 lUIS.,. - Wln+1 lIullber of atep. 
 003] 0011 

0015 0005 SAYACH IQU IONST,.l Accu.ulator hi9h 
 0067 • 

001' 
 0001 SAYACL _ IlAYAQI+I ACCU1IUlator low DOli 0700 AORG >700 

00610011 0007 SAYARO IQU SAYACL+I AltO •
0070 0700 6EOI TRACE LDn I001. 000' 8AYARI !QU SAYARO.I ARI 

OOlt 000. 8AY.... !QU SAYARl.l .p. reqiatar hi9h 0011 0101 7COO SST SAVSTS Saye current context 

0030 OOOA 8AYPRL !QU SAy......... r..,iater low 0012 0702 Sl05 SACH SAYACH 

0021 OOOB 8AY'I'IlG !QU DYPRL+I ..,. I'eqiater 0013 0701 5006 SACL SAYACL 


t1:I 0012 oooe SAYPe !QU SAY'rIG+l Progra. Counter 0074 0704 1007 SD O,SAYARO
0015 0705 3101 SD0000 8AYS'I'O !QU IlAVPC+l Stack 0 I,SAYARIt IOn DOl' 0106 7101 LACK I0024 0001 8Ays.,1 !QU IlAYftO+I steck I Initializa TEM.I • I 


0025 OOOP SAYST3 IQU 8AYS1'1+l stack 2 
 0011 0101 5001 SACL UIII'I'Y 
0\ 0026 • 0011 070' 1F1t lAC 
Ul 0027 0000 nEG A'AC0071 0109 1F1P 

0010 070A SlO.002. 0000 &OM >0 SACH SAVPRH 
002' • DOll 070B 500A SACL SAYPRL Saye .p. re9i.ter 

0012 070e 6DOl0030 0000 "00 ITAa'I' MIll "'Y UIII'I'Y• oon 0700 1F.1 PAC 

001l 0002 "00 'I'U.e'I 0014 0701 500B SACL SAY'I'IlG Saya • .,. regi.ter 


0001 0700 


0001 000. • 0011 070r 1F.0 PO. 

0012 • 0016 0710 500e 8ACL SAYJIC Sa.. Progra. Counter 
., 
 0017 0711 7"0 POP
noon 0001 &aIIG .1 
OOU ••••• 0011 0712 5000 DCL 8AYftO Sa.. Steck 0• 0019 0711 7"0 PO, 

~ 001' 000. 6101 LOn • inatructiona 
~ OO'S 0001 ,P.O RAr. IniU.lh. • Add thla • •

1 to .. OOtO 0114 SOO. 8ACL .AYSTI .a.e 8tack 1• I • 00l107151PtO PO,~ 0017 OOOA '100 LACIC 0 atap • to the....,., • • • 0012 0711 500P ,ACLI OOll 0008 5004 DCL • uaer • A • SAYST2 Sa.. Stack 2 
001' oooe ,n2 1111'1' lnabl. int. • progra. Ootl 0117 7PtC "'811 ...tor. Stack 2 
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.... 0045 0012 'no OOtt 0710 7PtC ...SH aeator. Return Addre••110' ·0· 0100~ 00.. OOU 7P.0. 110' • 

• r • 0101 OUI nOl ROSTS III 8TA"'S,10047 0014 '''0 110' • • 0102 011r 1120I 00.1 DOn "PIO 110. LACK .20 Chect interrupting device• V • 0103 0720 5002 SACL~ 00.. 0011 'PIO 'I'£IiI'• S • 110' 0104 0731 2102 LAC0050 oon 7100 IDO LACK 0 Load accuaulator with 0 'I'£IiI',1• I • 0105 0722 1901 AltO 8'1'A",S~ 0051 001. 1900 SII' • a ••~ OOlt 001B 0106 0723 FrOO BI ABOIII Abort, '.000 or trac. ? 
0124 0717 0052 001A 'Ial LYAwa LACK 41 Load accuaulator with 01010101 • • 

\A 0053 • • • 0107 0725 200. LAC NUMS'l'P Check if .xacutift9 .e••ral .tep. 
00 OOS4 • • • 010. 072' nOD 1HZ 'l'RAClC 
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tot'j 

Q 
'2010 FAMILY MACRO ASSEMaLER PC2.1 14.107 00:57:16 01-25-11ZTRACI " I 

01210170 
010' • 
0110 0121 4202 MAILa tN 
0111 0129 2002 LAC 
0112 012A FAOO au ~ 012a 0750 

00 01n 012C 5004 IACL 
~ 0114 0120 FIOO INZ 
I 0121 0170 
~ 0115 • 
C) 0111 072P 400a tN81'1' 
~ 0111 01'0 4102 OUt' 

~ 0111 0711 4101 OUt' 

til 011t on2 4100 OUt' 


0120 01" 4105 OUt' 


l 

~ 0121 07'4 4101 OUt' 
0122 on5 tlOl OUt' 
012' 01,. tlOI OUt' 
0124 01" tl09 OUt' 
0125 onl tlOA OUt' 
0121 on, tlOI OUt' 
0121 ona tlK OUt' 
0121 on. tlOD OUt' 
012t onc tlOB OUt' 
OUO onD tlOP OUt' 
OUI 07)1 1110 LACK 
OU2 onF 5002 IACL 
OUl 0740 210a lAC~ OU4 0741 5002 DCL 
OU5 0142 tloa OUt' 
OUI e 
OU7 "41 PIOO .... atol 

01" "41 
OUI 01015 "00 •0141 010 
OUt •
0140 0741 6BOI nt" LOn 
OIU 0141 1105 DIM 
OIU 0149 1101 A~DS 

I.A.ROIU "tA 'I"
0144 "4' 1901 I.A.R 
OU50nC7100 U1' 
0141 "4D nl2 II.... 
0147 "tI 4102 IN 
0141 onp nlD RI1' 
0149 •
0150 0150 1101 C'OIft" LOn 
0151 0151 6505 IAUI...,..0152 0752 llOi 
Olll 075' '101 I.A.R 
0154 0754 ltOI LAIt 
0155 0755 1100 1ft 
0156 0751 nlD RI1' - 0151 •
0151 0151 7B40 AIOIIK LACK-i 015t 0151 S002 IACL 

~ OliO 0159 2102 LAC 

PACE 000] 

'l'EMP.2 Input co•••nde Code fro•••il-80x 

'fEMP', 

CON'I' la continue ? 


NUIIST. I. trac••ev.ral .tep. ? 

'!'RACEC I. .inc)l. .t.p 1 


'l'1li',0 C~aftd RfJ9. to out-FIfO'. 

t'IN',1 It i••inc)l••tep 

l"A'lVI,'

IA¥St'I,' th.n 

IAVACH,I 

IAVA~,' tran.f.r local par...t.r. 

IAVUO,' 

IAVUI,I to th. Out-FIFO'. 

IAVPItII,. 

IAVPlL,' 

IAYTRG,' 

IAVPC.' 

IA¥Sn,I 

IAVSTI,I 

IAVSTa,1 

>10 

t'EMP 

'I'IIIP,' 

t'IIIP 

'I'IIIP,I .nd of tran.f.r ••••a9. 


nn .ait for u••r re.pon•• 

via co..and ••laction 

1 
IAVA~ •••tor. accu.ul.tor "iVh 
IAVA~ ...tor. aecu.ulator low 
O,BAVaaO ...tor. ARO 
I,IAVAAI •••tor. ARI 
IAVITI •••tor. st.tu. 

Inabl. .ub.equent lnt.rrupt. 
'I'IIIP"A7 Gan.rat. a delal.d interrupt 

I 
IAVACH .e.tor. Accu.ul.tor High 
IAVA~ •••tor. Aecu.ul.tor Low 
O,BAVAAO •••tor. ARO 
I,BAVAAI •••tor. ARI 
SAVSTI •••tor. statu. 

>40 Ch.ck interrupting d••lc. 
"DIP 
'fIIIP•• 

'!'RACE ]2010 FAMILY MACRO ASSEMBLER 

0161 015A 7901 AND STATUS 
0162 onl rFoo az ABORT 

015C 016] 

0163 0750 lFIO NOP 

0164 075£ "10 NOP 

0165 075F lraO IIOP 

0166 0160 lF10 NOP 

0161 0161 '900 a COIIT 


0162 0150 
0161 • 
016' 0163 7110 ABORT LACIt >10 
0110 0164 5002 SACL '!'EMP 
0111 0165 2102 LAC t'EMP,1 
0112 0766 7101 AIIO S'fA'I'tIS 
0111 0161 "00 IZ CLRIIIT 

0161 016£ 

0114 076' nlo NOP 

0175 016A "10 NOP 

0176 0161 "10 NOP 

0111 016C 7raO NOP 

0111 0160 lF10 NOP 

0119 076E "00 CLRINT I COIIT 


076r 0150 
0110 •
0111 0170 1003 TRACEC SUI UNITY 
0112 0111 5004 

0111 0712 noo 


011] 0141 

0114 0174 "00 


0175 012F 

0115 • 
0111 •
0111 

110 IRRORS, 110 WAIUIIIIGS 

SACL IlUMSTP 
aHZ IXIT 

a STEP 

INO 

IIO$ID'!' 32010 FAMILY MACRO ASSEMILER 

0001 0000 

0002 0000 

000l 0000 

0004 0000 

0005 0000 

0001 0000 

0001 0000 

0001 0000 


110 ERRORS, 110 WARIIIIIGS 

PC2.1 14.107 00:57:16 08-25-87 
PACE 0004 

1. fro. 61000 ., 

Interrupt .ervice routine 

for 61000 

Check Interrupting device 

1. fro. ABORT 1 
if not, cl••r interrupt. 

Interrupt .erviee routine 

for AIORT 

Decre.ent trace counter 

PC2.1 14.101 00:51:24 01-25-11 
PACE 0005 

o o 
." 

§ 


1 
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FDDP users manual TMS32010 software 

B.l TMS32010 software support routine (monitoring progrlUll). 

The monitoring routines are intended. to give a global view of the entire system and monitor all 
the active Logical Units at the same time. 

This monitoring program requires insertion of break points in the crucial points of the TMS32010 
user program. 

At the break point, contents of the Status Register. Command Register and TMS32010 context of 
the active Logical Units are displayed. on the sreen (see Table 19). 

The intem1pt monitoring routine is listed in Table 2S The routine saves the TMSl2010 register 
context, reads through the MAIL- BOX the command given by the user. aecutes it and writes the 
data described in Table 19 into the Out - FIFO's. The MC68000 programs which read the data from 
the Out - FIFO's is described in Appendix C 1. the display routine is described in appendix Cl. The 
commands available are listed in table 19; they are given through the keyboard and. interpreted by the 
MC68000 program described in Appendix Cl. 
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- Tobie 25: TMSJ2010 Interrupt monitoring routine. 

'<
e: -\D _IT 32010 .UILY MCRO ASSEMBLER PC2. I 14. 101 00:56:51 08-2S-81 IIONIT 32010 FAMILY MACRO ASSEMBLER PC2.1 8C.l01 00:56:51 oa-25-81 

PAGE 0001 PAGE 0002~ 
0055 • lIov. Accu.ulator to Auxillarr Raql.t.r0001 • • P • 

0002 • AUTHOR: D. CROSI!'l"l'O 0056 • • It • 
OOOl • DAft: .lui, 1~ UI1 0051 OOIC 500A SKIP SACL 10,0 Btora AC to In~arnal •••. 10 

0051 0010 1I0A LAR ARO,IO Ra-load ARO • ° •0004 • • G • 
0005 • TWS32010 LOGICAL UNIT .oni~orlng progra. for FDDP 0059 00U: 6880 LARP o Load ARO poln~ar • R • 
0006 • 0060 • • A • 

lUI' -""IT' 0061 • IIOva Auxiliary Raglatar to Accuaulator0007 
0062 • 
0063 OOlF 300A SAR ARO,10 Sava ARO

0001 01. _IT · • ".• 
ooOt • ••••• 
0010 0000 aAV8'I'S IOU o !Ma32010 BTATUS REGISTER 0064 0020 200A LAC 10,0 Load Into accuaula~or 


0011 0001 aTA'l'UB IOU BAV8'I'&+1 ~ICAL UNIT STATUS REGISTER 0065 0021 .roo II LVAWI 

0022 001A0012 0002 TIIIP IOU BTA'l'UB+! ~rarr varlabl. 

oon 000:1 UllIn IOU 'I'IIIP+l Unl~, variabl. 0066 0021 F900 I ZERO 

0014 0004 IlUllSTP IQU UNln+l lIuJd)er of etape 
 0024 0016 
0015 0005 BAYAeM IQU JnJIISTP+l Accu.ula~or high 0061 • 

0011 0006 IAYACL EQU BAVACH+! Accuaulator low 0068 0100 AORG >100 

0017 0007 BAVARO IOU BAVACL+I ARO 0069 • 

0011 0001 aAVARI IOU BAVARO+l ARI 0010 0100 6101 "ONIT LOPK 1 

001' ooOt IAVPC EQU SAVARI+! Progra. Count.r 0011 0101 lCOO SST SAYSTS Save curran~ con~ax~ 


0020 • 
 0012 0102 5105 BACH SAYACH 

Don 0000 
 NIG 0013 0103 5006 SACL SAYACL 

0022 0000 AOAG >0 
 0014 0104 3001 SAR O,SAYARO 

0021 0075 0105 3101 SAR I,SAYARI 

0024 0000 "00 STARr 8 Mill 0016 0106 lEOl LACK I Inl~lall&a TEIIPI - I
I • 

0001 0001 0071 0101 5001 BACL UIlITY 

oon 0002 "00 I 
 _IT 0071 0101 lF9D POP
$ OOOl 0700 0079 0109 5009 SACL SAYPC Save Progra. Count.r 


DOlO 010A lFtC PUSH Ra.tor. Ra~urn Addr••• 

0027 0001 Aa.G >1 

002' • DOll • 

0012 0701 4301 RUSTS III BTATUS,l0021 • ••••• 
002. 0001 7no IlAD IIOP Initialize • Add ~hle • • 0011 010C 7120 LACK >20 ateck Int.rruptlng davie. 

0030 0001 '101 I.Dn I to one • In.tructlone BACL TIIIP
0014 0700 5002• E • 0015 0701 2102 LAC TEIIP,I 

0032 0008 500. IKL ....,., • uear 0016 010. 1101 AHD BTATUB

oon OOOA 7100 IAca o eta. • to tha • J • 

• A • oen 000C' 7n2 11ft habla Int. • progra. 0011 0710 ••00 IZ AI06I. Abort, 61000 or aonltor ?" P .00,. 0000 n02 II 'I'IIIJI,7 lat let Int. • for • 0711 0130fri L • DOli 0112 2004 LAC JUMSTP at.ck If .xacu~lng ••v.ral .~ap.1035 OOOE 7"0 lOP • aonltorlft9 

~ 00)6 000. 7••0 lOP E • ! 0011 0113 .100 "Z IIONITC 
01,., 0010 n.o lOP • 0114 075' 

0090 •

I 00:11 0012 7"0 lOP ° ••• 00'1 0715 4202 MiLa IN TEMP, 2 Input Coaaanda Cod. fro. lIall-lox 


00:11 0011 7"0 IIOP 

0040 oon 7no lOP • 00'2 011' 2002 LAC YDP 

Don 0014 7no IIOP U • 00" 0717 ,AOO ILl cowr Ie Contlnu. ? 

'OU 0015 n.o 
~ lOP S • 0111 073' 

oon 001' 7100 IDO IACI o Load accueula~or vl~h 0 • • OOt4 071' 5004 BACL IUllSTP I. eonltor ..varal atap. ? 

OOU 0017 noD 8 III' R • DOtS 07IA .EOO IIIZ IIONITC I. .Ingl. .tap ? 


DOli ODIC 
 0718 on, =-00 00" •...., 0045 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 0097 . ·onc 4002 SftP III 

I 00'1 0110 4102 OUT 'fIlIP,' It I••lngl. a~ap 


004' 001' n02 II 'flIP, 7 'fbla in.tr. In.art braak poln~. • TEMP. 0 Ca..and Rag. to Out-FIFO'. 
oon • ~o lina SACL 10,0 • DO" 0711 4101 OUT ....ATUS,'00.1 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••cI 0100 011. 4100 OUT 8AYSTB,' than0041 OOIA 7121 LVAtuI LACK 4' Load eccueulator with 01010101. • 
0050 0101 0720 4105 our BAVACII,' 

0051 0102 0721 .10' our aAYACL,' tranefar local para..~ar.
~ 0052 0011 n02 II TIRP,7 'fble ine~r. In.art braak poln~. • 010' 0722 ••07 our IAVARO,. 

005:1 010. 072:1 .101 our SAVARI f' to ~ba out-.lFO·.u. • to llna LAR ARO,10 • 

00 0105 012. .EO' our BAYPC,'005. ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

~ 

-~ o 

i 
IS 

"!1 
C 
C 
." 

g 


I 




az lI0II1'1' 32010 .""ILY _eRG USEMBLER Pe2.1 84.107 00:56:51 01-25-17 

I 
0106 0725 7EIO LACIt~ 0107 072. 5002 I&CL 
0101 0727 2102 LACt; 010' 0721 5002 SACL 
0110 072' 4£02 OUT 
0111 • 
0112 072& ••00 USD 8101==~ 0728 072E 


I 0113 072C .'00 8 
..... 0720072& 
(:) 01U • 
~ 0115 072 ••801 DIT LDft 
~ 011' 072••50S IAUt 
fI2 OU7 0710 610. &IXJI 
~ 0111 07'1 1107 .... 
GO 011' 07'2 "01 .... 

0120 07" 7..0 lSI' 
0121 0134 "12 EI..... 
0122 on5 ,.10 11ft 
012' •
OU4 on••EOI COII'I' ton 
012. on7 650S IAUi 
bU. onl '10' &DDS 
0127 0'" Jl01 ....

l 
0121 0"& "01 .... 

OUt 0"8 1800 lSI' 

~ 01'0 01JC ,.10 11ft..o 	 OUI 
oua ono '.40 ..,.1. IAca 
01" 0"8 5002 MeL 
OU4 on. 2102 LIC 
OUS 0140 1901 go 
OUt 0141 ..00 .. 

0142 014. 
on, 0143 1no 110..,.0131 0144 ,.10 
out 014. ,.10 110. 
0140 074. ,.10 110. 
0141 0147 noo 8 

01410'" 
0142 •
oln 0749 7UO &BORT LACK 
OU4 0,... 5002 SACL 
OUS 0748 2102 LAC 
014' 074C 1101 PD 
014' 014D ••00 81 

0741 0154 
0141 014. ,.10 ItOP 
014' 0150 ,.10 IIOP 
0150 0751 ,.10 IIOP 
0151 0752 1no IIOP 
0152 075l 7.10 IIOP- ,lSl 0"4 "00 CLRIIIT 8 

i 
'  0155 on. 

0154 • 
0155 0156 100l .aN1~ ava 
015. 0757 5004 I&cL -\0 

~ 

PAGE 0003 

,.10 
'OMP 
TEMa-,1 
TIIIP' 
TEMP,' .nd ot tran.fer .....g. 

EXIT Wait tor us.r re.pon•• 

USIlt co.aand ••lection 

1 
SAVACH a••tore Accuaulator High
IAYaeL ...tor. accuaulator low 
O,laVARO ae.tore ARO 
1,IaVARl Re.tore ARI 
SAvaTs a••tore St.tu. 

Enabl. .ub.equent interrupt. 

1 
IAVACH a••tor. Accu.ul.tor High 
aAYA~ ae.tor. Accu.ulator Low 
O,IAVARO R••tor. ARO 
I,SAVARI R ••tor. ARI 
IAVITS 

"4. 
TIIIP
.,...,1 
....ATUI 
AlIGn 

CDII1' 

,.10 
TIIIP 
TDlP.1 
ITA1VS 
CLRINT 

COIIT 

Wlft 
IIUIISTP 

a••tor. .t.tu. 

Ch.ck interrupting d.vic• 

1. fro. 61000 ? 

Interrupt .ervic. rout in. 

for 61000 

Check interrupting device 

i. trOll ABORT ? 
if not, cl.ar int.rrupt. 

Interrupt ••rvic. routine 

tor ABORT 

Deere.ent trace count.r 

MONIT 32010 FAMILY MACRO ASSEMBLER Pe2.1 84.107 00:56:51 01-25-87 
PAGE 0004 

0151 0751 ,.EOO 8HZ EXIT 

0759 072E 


0151 075A "'00 B STEP 

0758 071C 

on, .. ..OUO 
0161 	 END 

NO ERRORS, NO WAR.NINGS 

NO$IDT l2010 FAMILY MACRO ASSEM8LER PC2.1 84.107 00:56:51 08-25-87 
PAGE 0005 

0001 0000 

0002 0000 

OOOl 0000 

0004 0000 

0005 0000 

0006 0000 

0007 0000 

0001.0000 


NO ERRORS. NO WAR.NINGS 

tor1 o o 
~ 
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~ a: 
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APPENDIXC 

MC68000 ASSEMBLY ROUTINES 

C.l MC68000 intemlpt routine (for TMS32010 tracing and monitoring). 

This routine initializes the interrupt controllers of all the LDgical Units (level and vector). It then 
loads the start address of the interrupt service routine 011 the Crate Controller CPU and enables inter
rupts. 

At each interrupt request from a given Logical Unit, the conespond.ing interrupt servicing routine 
reads data from the Loaical Unit Out- FIFO's and writes them into the conespond.ing buffer. 
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•• ••• 
••• 

••• 
••• 
••• 

•• 
•• 
•• 

••• 

••• 

•• 

• • •• •• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

••• •• 

•• 

• 

• 

• 

Table 26: MC68000 interrupt routine for TMSJ2010 tracing and monitoring. 

Intfl l.a.l ugfIOCPC) , •• 	 ~Tl'L ••• Out-PUO-a III'I'E'UUPr ... bar out.t,••IIft'FI 1II1I'I' 1.1 utility nuti.. •• 	 Ca••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •
Uclr _v.. l 'ba••+CIId,.O 	 C 

... IIOOULl!; InrI out-FlfO'a Interrupt •• 	 .".."e.b .unlt.,d2z 
I 	

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• flclrl aov. 'l,$10C.0' •••et TMS
••• •• aov. ' •• (.0, g
••• DVlllOIIEN'I': roop VIlE varalon. Any 6I.x. VIlE-CPU 	 •• ..". .soe,C.o, Cle.r FIFO with pul._g 	... .." eov. '.,Cao)••• tAllGUAGI: AII...lar 'Quelo or II6IIIIL-CEIUI). Po.ltlon Independent cod." .dd.l 'ofta.t.aOl; 	••• •• .ub.b l1,d2
••• DlSCRIPfIOW: Inltlall.a out-FIPO'. Intarrupt V.ctor and LaY.l of the •• bne Uclrl••• Interrupt controllara for n rODp Logical Unlta. 	 •• • 1== 	 ••• ..n an Int.rrupt fl"Oll th. out-FIPO'. of FOOl' occura, the Cr.te••GO eov•• b .unlt.,d1 ...... 	 ••• Controller CPU reada tha Interrupting out-FIPO and ••v•• the value •• aov•• l ,vflvct,e) jap t.bl.
••• on the CPU-It.ck. 	 •• l.a.l Yetbf(pc) ••a v.etor t.ble 

nvctf aov•• l (.2).,(.). 
I 
ct 	 ••• 7ha locatlone Indicated by .<••••••••r. HARDWARE JUMPER SELECTA8L aubq.b l1.d7the 	loc.tlona Indlceted ~, .<.......y chang. the configuration •• 
 bne nvet'of the board or of the ay.t... 	 • • •~ 	•••••• • •••• aov•• b .unlt.,d7••• ENTRY POI1ft': aov•• 1 .ba.... lva 	 •• xd.f Intfl eov. Ivflvct,d6GO 	 ••• •• 1••. 1 vctbtCpc),·a••• 	IIITERMAU.Y DEFIIlED PIlOClDURES r •• l.r l2.d6 	 dlvld. by • 

••• xd.f Ivvctl,lwvct2,lvvctl,lvvct4,lvvct5.lvvct6 	 •• nxtvfO aove.b Il.v.ll,alcrOC.) fifo l.v_r etrl .ddr. 
aov•• b d6,.lvrOC·l) flto vactor .ddr•••

••• 	IIITERMAU.Y DEFlllED .,.A: •• .dd•. l loft.et,.)
.ddq.b l1,d'••• IXTlJUfAL I'ROCIDURIS IlIR'RIJICEO: 	 •• .ubq.b l1,d1 
bne nxtv'O••• axTIRIIAL oa,.A UratIIICIDt ••


•• xr.f ba•• ,unlta.flfGbf,offaat,rdfl,.lcrO,.lvro •• • 
l.a.l fltoOl,a'),.l Inltl.l te. fifo buff.r pointeI'
I 	•••• •• aov•• b lunlta,d?••• IYSTER I"CLUDI FILlSt •• nxptl ...e.l .1,.0 (a1)-PQlnt.ri::t 	 ••• elTRY co.DI,.IGM: Interrupt controll.r. on PODp board••r. not Inltl.llze. addq.l ••••0 aO point to Urat word 

••• •• aov•• l aO, (al)
••• DI,. COIIDlfta.: out-FIPO'. Gu)UL VARIA8LES have the updated v.lu.. •• .ub.l 140,al next unlt'a fifo butfer
••• 	 •• .ub.b l1,d7 
••• 	pAJtAIII'I'D PAIIIN. t'hrough 8'fACI. •• bn• nxptl 

••• GLOBAL VARlaaLII. ,etack) 	 •• _v1••...1 
b 

fltoOI.4C.'),.1 InltI.l ".. fifo buff.r pointer 
••• IlfGbI'a5, - out-FIFO of Logical Unit 1 •• 	 'unI~a,d? 
••• flfGbf.2,.5, - OUt-rlFO of Logical Unit 2 	 •• l aov•• 1 al,aO (al)-PQlnt.r 
••• flfGbf.4,.5, - OUt-'IfO of Loglc.l Unit , 	 •• In.... .ddq.1 '4,aO aO point to Ur.t word 
••• flfGbf."e5, - OUt-'IFO of Loglcel Unit 4 	 •• aov•• 1 .0, (al)
••• flfGbf••,.5, - OUt-FIFO of Logical Unit 5 	 •• aub.l '40,.1 next unlt'a fifo buffer 
••• flfGbf.l0(.5) - OUt-'lfO of Logical Unit I 	 •• aub.b ll,d7
••• 	 bne nxptj 
••• IDCAL VUIULI!t 

aove ",ooo,ar In.ble int.rrupt 

::le•• 1 -.fU(pc) ••• 
,·bar outat, Q• 

8 
00••• aBYIIIOW HISTORY: 	 •• rta 

••• DAft AIft'IIOIt CllAJlGES 	 •• INI9UO de.b • PIFO Interrupt Inltl.led. • fj... --------	 ------------------------------------- .. de.l 'OdOaOt04••• 	02/1./11 Dado_0 ..croeetto1 Inltl.l codlneJ •• ~ ..1 	 .,fll de.b • Interrupt t ..t... • - ••• .5/21/." 	 extend to alx Logical Unit. •• de.l 'OdOa0404••• • '/It/n Dado c,...tt.o Lebal. r.vlalon and .adular atructur• ••••• 	 •• vetbf de.l wetOI ~-	........•.............•...................................................... 
• 


de.l .vetol\0 	 ••• •• 

a
I·de.l weto, M~ 	. de.l wet04 

...flwat ... '1'0 <.... PIPO vector addr••• de.l wet05
·.1...11 -.u 'II <.... Interrupt 1.v.1 1 	 de.1 weto,• 	 de.l wctO? .' 

• 


http:CPU-It.ck
http:ofta.t.aO


•• 

00 

dc.l vvctOI 

~ 
dc.l vvctO, 
dc.l vvctlO - dc.l vvetll 
dc.l vvct12 
dc.l vvet13 
dc.l vvctU 

\D - dc.l 'vvctlS 
de.l vvct16 
dc.l vvct17

....a 
de.l vvctll 
de.l vvctu 
dc.1 vvct20 
dc.l vvct2l 
de.1 vvcU2 
dc.l vvct2J 
dc.1 vvcU.

•• Int.rrupt .ubrout1nee 

aa,-,.7, 
al,-,.7)
fll001••0C.5),.2
fUoOl (as),.l 
"'••+rdfl, ,al).
rtptl
al,.a 
rtptl
al, ftt001 (.5)
,.7,.,al 
'.',.,a2 

puah a2,.l 

polnt.r Ualt 
curr.nt po1nt.r 

pop • 2,.' 
fUo01+.,.5) ,.l 
rtpnl 

a2,-Ca')
al,-,a7,
IU002+to,.5) ,.a
fU002,a5, ,al 
"'aa.offaat.l+rdf',(al).
rtpU
al,.a 
rtpta
al,fltooa(a5, 
,.7,+.al
,.7,+,.a 

fU002.I,a5, ,.l 
rtpn2 

aa,"Ca7)
al,-C·7)
11foOl••OC.5.,.a 
IUOOl ,a5) .al 
"'...offaatt a.rdf1,Cal)+
rtpU
al,aa 
rtpU
al, f UoOl ,as, 
,a',.,.l
,a7,.,.a 

f"001.IC.5',al
rtpnl 
aa,",a7)
al,-Ca7, 
flfoO.+.0,a5"aa 
fUoO.ca5".' 

. 


rtpn. 

rtpU 

•I vvct05 

rtpn5 

rtpt5 

•
vvet06 

rtpn6 

rtpt6 
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C.2 MC68000 dlspllly IUUl co1tlllUl1Ul interpreting routines/or TMS3210 tracing. 

The display routine reads the tracing data stored in the buffer as described in Appendix C 1 and 
display them on the screen in the format shown in Table 23 . 

The command interpreting routine, selects the Logi.cal Unit on which the tracing will be done. 
During tracing, it accepts from keyboard the fonowing commands: 

- M - retum. to the MC68000 monitor 
- T - exit from TMS32010 program 
- C - continue without tracing 
- N - execute N i.n.stnJctions 
- Any key - execute one i.n.stnJction. 

Tabk 27: MC68000 display ITJIltiM lor TMS32010 "at:ing. 

• 	 SEE MODULES IN APPENDIX C.4•
dap3 	 equ •

bar ert_trae MODULE CRT_TRA .dap3a 	 equ •• 	 bar otraee copy '1'MS and Loq. U. req. to crt buff MODULE OUT8UFbar daply

bar awich2 
 MODULE S'O'BLIBbeq 	 dap3b 
rta 	

•dap3b 	 equ
• 	 bar otraee MODULE OUTBUFbar daplyl


bar awich3 
 MOD'O'LE SU8LI8beq 	 dap3b 

• 	
rta 

"aply 	 equ •bar otcrlf MODULE SU8LI81••• 1 crtbf(a5),a4

bar outatq 
 MODULE IOCPU18 

• 
rt. 

"aplyl .qu •b.r 	 oterl! MODtJ'LE SUBLIB1••• 1 	 hlfcrt(a5),a4
b.r 	 out.tq MODULE IOC:PU18 

• 	
rt. 
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C.3 MC68000 displlly IUUl comnuuul interpreting routines for TMS3210 mollitorin 

The monitoring routines ue intended to give a global view of the entire system and monitor all 
the active Logical Units at the same time. 

The display routine reads the monitoring data stored in the buffer u described in Appendix Cl 
and. display them OD the screen in the format shown in Table 19 • 

The command inte:rpreting routine, accepts from keyboard the following commands: 

- M - mum to the MC68000 monitor 
- T - eJit from TMS32010 ptOlfIID 
- C - continue without monitoring 
- N - eucute to the Nth break point 
- Any key - execute to the next beak point. 

Tab11l28: MC68000 display rtJUtlne/or TMSJ20JO monitoring. 

SEE MODULES IN APPENDIX C.4••
dap2 equ • MODULE CRT. STS format CRT for monitoringbar crt_ata 
dap2a equ • MODULE OU'l'BU!'copy new atatua to old atatuabar newold MODULE OUTBU!'copy lat fifO data to crt in binbar omlata MODULE OUTBU!'copy, 7 data fifo to crt bufferbar oenerqy 


bar daply 
 MODULE SUBLIBbar awichl 
beq dap2a 

rts 


• equdsply • MODULE SUBLIB
bar otcrlf 
lea.l crtbf(a5),a4 MODULE IOCPU1B
bar outatg 

rta 


• 
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C.4 Me68000 test" 1Jl'l'IiCIJtioll extUIIl'le routmes. ":11Q C 

" C 
Z pl.n ",6.'I YTL ••• POO...in pr09r••••• 


roo. IDNT 1.1 Int.r.ctl¥. POO. t ••t progr•• 


••• NODULI: POO. Int.r.ctlv. t.at pr09r.. ••~ ... &llVIROIICEtrr: POD. VIlE ••raion. Any IIx•• VIIE-CfV •• 
GO ...... ••• LUlGUaGl: "a-.bl.r (OU.lo or M"MIL-CERN,. Po.ltlon Indep.nd.nt code•• 
t ••• ••••• OISCRIP'I'IOH: fti••0U".... pack••, peralta t ••UIMJ int.ractlvely ..cI ••• lb. POOP board. ..

••• A ..t of routi.... b.v. M.n I.l...ntad .nd grouped In ••v.r.l ..
••• aodul••• ftl. aodul.r .tructur. of the .oft".r. Hkea it rel.tlv.ly.·~ ••• •••y to aodlly or .dd ne" teat routine., .a ".11 .a c.llllMJ tbe. • •
••• troe Higb.r "v.l "ngueg... • • 

~ ... ••••• Det.ll.d d••crlptlon 01 Functlona .nd b.rdwar•••ttilMJ ia •• 
••• .v.ll.bl. In tb. ·POOP Ua.r'...nuel V.ra. 1.1·. • • 

A good hardw.r. t.at of the board c.n be don. fra tb. VIlE bu. ... 
becaua••11 Function. g.nerated by tha TMS32010 DSP .lcroproc•••or ••

••• can .lao M ••ner.ted ,.t low....peed) by • 61.x¥ CfV tbrouCjh VIlE bu• 

I 
••• ft.r••1'. no PROMS on board cont.lnlnCj tbe TMS32010 test progr••••
••• In order to •••cut••0 .. prot,a.. tro. the TMS32010. tb. routine ••
••• lb.t tr.nat.r. the PI'09"" coda Iro. tbe 'Ixxx •••ory to tb. TMS320••
••• HeOry ....t be .x.cuted Ur.t. • • 

~ ••• Th. loc.tion. indlc.ted br .<••••••• ar. HARDWARE JUMPER SEL£CTA8L
••• ft. location. Indic.t.d ~r .<••••• d.t.ralne the contigur.tion ••
••• ot the board or ot lb••y.t... • • 

••• ENTRY POI.....: •• 
•d.t ..in •• 

••• IIITIIUIALLY ..PIIIED PIIOCEDURIS: ••
••• ad.f depl,d.p2,d.plr •• 
... III'I'EIbIALLY DIPIIIED DA,.A: ••

ad.t ba•••unlt.,.I.t.,llnebt,fitoOl,broedc.oltaet •• 
ad.t ....,dH.,cad,.ln,bo.t,.t.,lev••lo.lccv.occcv••trit •• 
adat r.trl,box6,rdfi,.lcrO,aicrl,.ivrO,.ivrl •• 

••• U'l'EIUIAL PIOCIDUUS .PIRlIfCED: •• 
xr.t incb,onk.y,outch.out.tg ••••• x... I ttt.t ••nt.t,t.atl.eacI2,..8Orr.b.a.c6,copy.bexdc••".it ••

••• xr.' ..,ltcb...ilb.t..vaa.vaet.....,.it.t..32k.lo.d.t".lt.crt_.l ••
••• xr.f r .....ll.rdanin,depyen.puta&il,lnlcrt.int.l.lntfi •• 
••• IXTERlfAL DATA RlnREIfCID: •• 
••• SYSTEM INCLUDI PILlS: ••- ••• IncIud. filot.t ••" ••••• includ••nint.t ••'1 ••~ ••• includ...8Orr••61 •• - ••• Include aublib.e'l .ubroutlne. lib• ••

includ. aboart.t.e'l"-> ••• ••••• include t.e32k••'1 •• ...... include crt tri ••'1 
GO ••• ••••• Includ. rdaiil ••,. ••••• Includ. outbul ••" ••••• Include crt_.t•• e'l •• 

••• Includ. Int.l ••" 
••• IncIud. intfl ••" 
••• include crt trac••61... 
••• REGISTER USAGE: (A,RGUKEIf'I' 

••• o 1 2 3 • 
••• 

0: 

••• A: 

••• ENTRY CONDITION: 

• •• IXIT CONDITIOIfI 

Sy.t•• not 

(D)ES'l'ROYED 
,
5 7 

initi.ll,ed. 

• •• PARAMETER PASSING: Througb STACK. 

(')RESERVED (R)£'l'URNED 

SR hi SR 10 (eca) 

Inter.ctlv. t ••t pr09r•• running (ftl. one) 

••• REVISION HISTORY: •• 
CHANGES ••••• DATE AUTHOR... -------- ------------------------------------- ..---------------- Initl.l codin ••... 02/06/86 Dario Cro••tto 

... 02/11/16 Darlo Cro.etto M.8Orr Map, block tr.n.'.r, int.rrupt •• 

... OS/29/17 Sbao ..I ..i ..t.nd to .ix Laglcal unit•• stack layout 

... 06/19/1' Darlo Croe.tto Label. r.vi.lon .nd aodular atructur. •• 

•••• , <•••• nueb.r ot Laglcal Unit. M•• l ....2. 
ba•• aqu '200000 
unit. .qu <...... PODP bo.rd juaper ••lection 
• 
••• O'PSET BETWIEIf TMS32010 UNI7S •• 

ou..t aqu ,.000 Off••t bet"••n Logical Unit. 
•••• 

••• MANORY MAP POR IRQADCAST •• 

broadc aqu 1210000 <.......... addr••• tor IROADCAS,. •• 

••• U•• BROADCAST only for ·Mrit.· ..nctlon. •• 

••• IIEMORY MAP IN81DI IACH LOGICAL DIll,. •• 

• •• 'I'IISnOl0 llUaT BE 111 'l'H1 RI81'1' 8'l'ATE BEFORE GINERA7I11G 'l'HE FOLLOWING .. 
• •• PUIICTIONS PIlOII 'l'H1 VIII IUS. (5" roo, U••r' ........1. .. 
PH. .qu 0 Otl••t ot l.t .ddr... of Progra. • ••ol'y •• 
daaa .qu '1000 ott••t ot l.t addr••• of Input Data "8Orr •• 

.p.... and .dH.· ara .kbrt•••acb. organized 
a. 2k x lA-bit R.ed/llrlt. "orda •• 
Off..t 

aln .qu '2002 
cad .qu 12000 

Oft••t 
Off••t...boxt '200. 
Off••tat• ...... $200' 

lev 1200A Off••t 
.10 120Ge Off••t...
iccv .cpa 1200C Off••t 
occcv .qu 12001 Off••t 

of coaaand Rag. (I-bit R.ad/Wrlt., •• 
ot 111 next ¥.lue froe AIIIII. I-bit R••d 
of M,il-Iox ,..320 .id.. lA-bit R/W •• 
of Lagic.l Unit 8TAYUS RIG. (16-bit R, 
01 OM-PIPO. '-bit R..d. •• 
of Out-PIPO'.. lA-bit writ.. •• 
of CC-PlPO·a. a-bit R••d. •• 
of OM • CC-PIPO·•• I-bit IIrit.. •• 

"U 

1 
n 

:: 

n 
~ 
8 
i 
a 
~. 
eo. 
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http:rel.tlv.ly
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•• 

IU004 equ ItioOl-2·20 Itlo d.~. bull.r$200a Oll..~ 01 ••••~ toat Tri99.r Fl., ,••ad)• trU ... •• fUOOI ... IUo04-2·20 fUo da~. _".1' ••-.... ••• or "'~..r. Trtg,.r If CMD bit 5 - • •• t!tOOA equ 111005-2.20 ftto data bull.r •• 
or Int.rrupt to 1MS120 If CKD bit 4 • 1 •• ••••• fitoO, ... 11I00A-2·20 1110 data buft.ra- ••• DIS320 CAlI IE IN AllY nAn 1JUR1.a ". rolLOWING fUNCTIONS G~N£RATED •• 11100. ... f1l00'-2·20 lito data bull.r ••••• 11100' ... t1l00l-2·20 fllo data buff.r-\D ••• ... 'IU VIII ... •• Iltol0 ... IUOO'-2·20 fUo data ""1.1' ••

••• •• IUoll equ fUol0-2·20 fifo data ""f.r 
•• 

~ ...trl ... nOlO Otf..~ 01 ftlS120 RESET eo...nd ,DO - I) •• tUo12 ... ••IUol1-2·2. fllo data buff.r••• Intarrupt to 1MS12010 (Dl - 1) •• fUoll ... fUo12-2·20 ••fifo data bulf.r••• ..............-nIGGER to 1MS120 (D2 - I, •• f1l014 ... f1l011-2·20 ••
fllo dat. bull.r ••••• "rig. •• Ilto15 ... f1l014-2·20 lifo dat. buff.rbollA Olf..t of "IL-BOX raglat.r VME-IUS .ld. ••... '2012 
lA~lt. lead/Writ•• 

•• tUolA ... 111015-2·20 fllo dat. butl.r ••••• •• f1l011 ·fIU f1l0lA-2'20 flto d.t. bufl.r'lila '111&)2010 ....t not be In the -RESET- •• ••••• tUoli ... 11101'-2.20 flto d.t. buff.r••• .tat. ..lla th. A.... CPU a.ad. tha NAIL-lOX IUol' a.. fUol.-2·20 Itlo d.t. bu".r •• 
I'd" ... '2014 Ofl..t 01 OUt-'I'O' •• lA-bit. a••d •• IU020 ••... fltol'-2·20 I Uo d.t. bu"aralerG ... .,011 Otl..t 01 Int.rrupt Control aagt.tar 0 •• UfoU ... fU020-2·20 ••ftfo data buft.r••• OUt-,• .o'. to VKE r.....t. •• UfoU afIU fllo21-2·20 ftfo d.t. butf.r •• 
alerl ... 12011 Qlt.., 01 Int.rrupt Control a.gl.t.r 1 •• a.. IUo22-2·20 ••Ilto21 fllo data bulfar••• ..11-110. to VIlE r.qu••t. •• f1l024 a.. flto2J-2·20 ••fifo d.ta butfaralvrO ... '2010 0"", of out-ruo'. Int.rrupt vaetor •• liband a.. IU024 Ilobala and ...i.ua lA60 byt•• 

•• 
atvrl ... nOlr Off..t of "11-80. int.rrupt vae~or •• ••• •• 
••• •• ..tn ... • •• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ..va. 1 f.U:lp.aA .tack top-prg.org+.t.ek••• •• 1... 1 (pc••A.l).a5 .t.ck 11.tt point.r
unct .qu $100 for ..ilboa 24 v.ctor. ..v. fllband••A
wllvct ... '160 lor fI'" la•• l (.5.a" ••7 .ya .t.ek pointer••• •• ..va.l .5••' .5-o1obal ..rk
l.vall ... ,11 Int.~t laval 1 • • ...loc.l .taek 

int.r~t lav.l 2...lavan '12 b.r fftat f1l0t..t 
int.~ laval J... 'Ull.v.n b.r .nt.t .nln t ..t

l.v.l• ... $.. Int.~ lav.l • Mr ....ry ....ry t ..t • 
l.v.U ... US int.~t l.v.l I Mr ..Ub. ..Ubo. tut
laval6 $16 lnta~t l.v.l A Mr taUk... 'lllSJ2010 te.t ~ lev.n $" lnt.~t l.v.l 7 HI' intal... ..il-bo. intrrupt inltl.l.••• •• Mr iaUl OUt-'lfO-. Interrupt taiti.1 and te.t••• ftACllt lAYOUT, •• •beap ... ,.,000 Protr" .la. li.it depall equ •.ttl.t ... ....p+2IA lor ..f••1'•• Mr depl I'DIC 'tri"ar.t.ck ... ....p+.5000 .tack _i_ Mr dap2 , loglc.l ....it...nltor APPENDIX C.l.ttlp ... .tack-U' for 11'9111 lev.r lang. Mr dapJ "'JaOlO 'tr.ce Utilttr APPEIIDIX C. 2III.h• 112 llaa ..ff.r .la.... 1Ir. dapall


Q ... GLOUL VAIlIUIU: ,.tack) •• dapl ... • 
 A'PENDIX C.4••• •• Mr ort_trl fOl1l8t CIlT IM)DULa CRT_Tal ,., .1......... ·16 Gl~l. de I 1ned h.r., •• depla ... •
Z oRIII... Ilbbgn-.O·Z. en ....".1' •• Mr GIIl.tal oopf ..U boa .t.t•• to ort buf. I *KlUU:
lnJd... ortIIf••O.Z+ZO 3t111 U. •• Mr odet.nl oopf ....log Input. to crt bufl.r II ..ill... orta.f+'0.5+20 ,til Ii. •• Mr ofUobf ..., tUo data to crt _".1' I OU'I'BOPa dahl... oRbt••o·,... • tII U. •• _ t.cbMr darl , IIODUU: SUaLlatrJ IIlIen... orta.t••O·12 Utlt U ... Mr IIODULa SUaLII ~ Inlld eqy crtbt••0·15.20 ••tIt U. • .... depla
lnl'd... cl'tb'••O.I'.ZO ntlll U. •• Ra
== lnlld... oRbt••O.I'+ZO l.tIa U. • iaclude fifot.t .... okl 


.... alat.... orta.'-....lt••Z _Uboll data •• Include enlnt.t.e" okl

00 datean... .t.t.-2·'·unite ..t. ute •• Include aaaorr.e" okl 

..... encnt... date.n-Z .rra, A count.r •• lnclud••ubll....A• ••rouUne. Ub.I ....,... .nent-2·'·....lh ....., .1'1'., •• Includ. abowtet ••'. ..... .nent... ......,-2 I ....a, a oounter •• include teaJ2k••" o l1....t... etIOnt-'O ..at integar bul'.r •• •'nelud. art trl ••' t2 labufl... 1l ....t-..f.l a. read Ii... buff.r •• include outiuf••A. 

~ 'lfoOl... Inbutf-2.20 "fo data buff.r •• includa art .t•••" . 


flf002... flfOOI-Z.ZO ftfo ut. bufl.r •• lnclud. 'ntil ••A' okl 

~ flf003... IltoOZ-2.Z0 "fo data buff.r 

lnolude Inui ••' •..00 okl
iaol'" ort_tr.o••A.• 

~ 
n 
0\ 
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crt tr.c equ •&l 	 - 1••• 1 crt...l (pc, , ••
pie. ".'.'ITL ••• ror.at .cr... lor tlS12010 tr.c. routine ••• le•• l crtbtC·5) ••1 
~ .+CRr_TRAC IOIT 1.1 Utillt, routl... '. na.tchl IIOve.b C·.,+,dO 


cap.b ".dOI ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• beq Unl.hl 
cap.b 't.dO 

••• MODULlz CRT ~C roraat .cr.e. for TMS12010 trace routine •• 

~ beq .paeel 

••• ENVIROIIE.NT: roo. W. ver.ion. Any 0 ••• WE-CPU •• eave.b 
 dO. ,.,'+t; 	 nenebl••• 	 •• bra 
••• LANGUAGE: ......I.r lOUelo or ".MIL-CERN). Po.ltlon Independent code" .pacel eave.b (•• )+,dl 

IIOve.b "aO,dO
== ••• DESCRIPTION: roraat ~. acreen Oft tbe video teral..1 wltb di.9nostle •• n.pacel aove.b dO, (.,)+
~ ••• .....98. for tbe -tw512010 taac.· pr09r... • • eU.b Il,dl

I ••• Write. Oft tb. crt out bGI'er ~. v.ri.ble. n....: •• bne nepacel


••• copy crt...l to crtbf. • 	 bra nenchl 
Unl.hl eave 1$0.Ot, C.,) eotct ••• 	 •• 

rte••• Yb. loc.tlon. lndle.te. by .<••••••••re HARDWARE JUMPER SELECT.8L
••• Yb. location. Indle.ta4 by .<..... det.ralne tbe eonfl9ur.tlon •• • 	 ,.~ ••• ot tb. board or of tbe ey.t... 	 • • crta.91 de.l 'Ot.aOdO. .p.ee .nd erU Unel 

u. ••• dc.l t".·OdO. ,. ep.e••nd erU llne2 

00 ••• IIITRY fOII'T: •••• dc.l 'O,.eOdO. ,.,. ep.c••nd erU Unel 


.dat ert_trac 	 dc.l 'Ot.eOdO. ep.ee .nd edt line.•• de.l ,0'••OdO. ,. .p.ee .nd erU lineS••• •• 	 dc.l SO,••OdO. ,. .paee .nd erU Una6 ... INTERNALLY DEFINED PROCEDURESl 	 •• de.l Sot.eOdO. ,. .paee .nd crU Unel••• 	 •• ,. crU Une.• ,;. IIITEIUlALLY DEFINED MTAI 	 dc.l Sot.eOdO. ap.ee .nd•• de.l S"••OdO." 7. .pace .nd erU l1ne'••• •• 	 de.l S".eOdO. .,. ep.ce .nd erU Unel••• EXHRNAL .ROCEDURES REFERENCED. •• 	 ,. .p.c••nd cdt llnellde.l SO'.eOdO. 

••• EXYERHAL MY. REFERENCED: de t"u
•• dc.b •••• 'l"MS12010 TRACB Ut.lllty • ••••• char.I ••• •• 	 llne12 

..... ••• SYSTEM INCLUDE riLES: 	 •• dc.l S"IOOdO. linendc.l t".eOdO. blanlt 
00 ••• 	 •• BINARY' .0 ch.r.

••• REGISTER USAGE, C',1lGUMEIIT ID,UYROYID (P,RESERVED (R,ETURNED •• de.b • IIBX 	
11ne14dc.l 'OU6OdO., 	 'ACCUIIULA'I'OR: ......... • 26 char
o 1 2 .. , , sa hi SR 10 (CCI, 	 dc.b 

•.................................... ·,6 ch.r
••• • •••• dc.b 	 11n.15dc.l totlOOdOe••• D; 	 •• .... alGI.,... ......... 2' ch.r 11ne16
dc.b••• 	 •• •..................................... 16 cb.r
••• A: •• 	 dc.b 
de.l '''IOOdO.••• 	 •• '.Y. aEGIST&a: .... 26 ch.r l1nel1de.b..,.., CONDITION: An, .t.te of ~ IMS12010••• 	 •• •................. AUDEGO: .... AUUEG1: .... DP:. • sa
••• •• dc.b 


DIY COIIDIYIOlh Any ~t.te of ~e ftSJ2010. 
 de tOdO.••• •• 	 dc.b ,.,AtuS alGl.TIR: •••• 26 ch.r l1naU••• •• 	 dc.b .................. AlP:. OW: • OV:x • s~
••• 'AIWI&'I'II .USIIIG: 'l'brQU9b ftac•• 	 •• dc tOdO.••• 	 •• dc.b I PIlOGIWI CGUII'I'ER: ••• 26 char 11ne19
GLOBAL VAJlIULU: C.t.clt,••• 	 •• • ............. STAC.O:....t.eltl:•••••t.cIt2: ••• •
••• crtbt 	 dc.b 

4C tOdO. 
l1n.~O••• 1DCAL VAJlU8L1: 	

•••• °de.l tott.Odo. 7. .pace.nd crlt••• •• 	 dc.b • ••• LDl1e.1 Unit Tr.ee ••• • llne21 
de.l totl.OdO.••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 	 lln.22dc.b 'STAtu. aEGlftP: •••• 26 char••• 	 •• CIID UlSTER:.. • .... XX••••• aEVlSIGII IIISTORY: 	 dc.b .................. 


••• •• 	 dc SOdOa llne23- ... DAft AU'IItOR CHAMGES 	

•• 
•• dc.l to.teOdOa blanlt Una 

de to.Ot .nd of t ••t 
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OS/29/.' Sh.o ..1 ..1 ••
••• I.IU.l co.li"" • 	 ...i 06/1./.' Dado Croeatto ~bel. ravleion .nd aodul.r etructure •• • + end-\D ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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TTL ••• rora.t acr••n for LOGICAL UNIT STATUS .anitorin ••• .paee• .av•• b
••CIT 8TS JDNT 1.1 Utility t ••t routin.. 	 •• .av•. b••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• n.pec. .av•. b 

-	 ... IIODULI: CIT_STS forut acr••n for LOJCAL UNIT STATUS .onitorlng . .. .ub.b••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• bn. 
~ 
e: ••• 	 •• bra 

... IIIVJIIOIIEII'I': roo. ".. y.uion. Any "xx. VIlE-CPU 	 •• fini.l .oy. - ... 	 •• 
~ 	... LANGUAGE: Aaaa.bl.r (Qu.lo Dr a,.aIL-CERN). Po.ition ind.pend.nt cod••• 

rt. 
ert.l• de ..... 	 ... •• de.b

••• DESCRIPTION: forut the acrean on the yid.o t.r.inal with di.gno.tie •• de.b••• ..•••g•• for the aonitoring of ai. LOGICAL UNITS STATUS r.giat.r.. •• de.b
••• Writ•• on the crt out buff.r the yariabla. n•••• : •• de.b
••• cop, er~l. to ertbf. •• de.b••• •• de.b••• 7b. locationa indicat.d b, .<1••••• • ar. HARDWARE JUMPER SELECTAIL de.v••• 7b. loc.tion. indicated by ·c••••• d.t.r.ln. the configuration •• de.w••• of the board or of the .,.t... • • de.b••• •• de.b 
... IIITRY POJII'I': •• de.b 

...f ert_ata 	 •• de.b••• 	 •• de.b 
... IMTEIUIALLY DEfJNED PIlOCEOORES: •• de.b••• •• de.w
••• JNTEltNALLY DErJNED DlTA: •• de.b••• •• de.l
••• EXTEINAL PROCEDURES REFERENCED: •• de.b••• •• de.l
••• EXTEltNAL DlTA REFERENCED: 	 •• de.b•• a. 	 •• 
••• SYSTER INCLUDE fILlS: 	 •• de.l 

de.b••• 	 •• de.l 

I 
... REGIS"ER USAGE: (A,RGUICENT (O)ES'DOYEO (P)RESERVED (R)E'l'URNED •• de.b••• •• de.l••• o 1 J J 4 5 6 ., SR hi Silo (eca) •• de.b••• 	 •• dc.l
••• 0:~ 	 •• dc.b••• 	 •• de.l••• AI 	 •• de.b••• 	 •• de.l 
••• Dl'l'ltY CX*OI"IOII: Any .t.t. of the 'I1IS32010 	 •• de.b••• 	 •• de.l
••• EXJ" co.Dl"IOI: Any .tat. of tb. twalZ010. •• dc.b••• •• dc.l
••• PAIWIE'I'D '.IJIIG: ftrougb nACI. 	 •• de.bn 	 ... •• de.lr.n 	 ••• GLOBAL VARIABLES: ,.taek) •• de.b 

... 	 ••• crtbf •• de.l,.. 	 ... •• de.bZ ••• LOCAL VAIlIAB...: •• dc.1I ••• •• de.b••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• dc.l ~ 	••• •• dc.b
••• aEVISIOl BISJQIY: 	 •• -=.1r; 	••• ••••• DAft AUIItOIl CHANGES 	 •• de.b 

de.l= .... 	 ••• •• dc.bOS/29/17 ShaD "i ..i Initial eodin9••• 	 •• de.1~ 	••• 0611'/17 Dario Croa.tto Label. r.vi.ion and ~ular .truetur. •• dc.bI ••• 	 •• de.1 
crt .t. equ • 	 de.b21 - I.a.l ert.I.(pc,.a4 dc.l 

1... 1 ertbf(.S, ••J dc.b,.16na.t.1 8Gva.b ,.4t+,dO 	 1JYly 1111 de.l~ C31p.b '4,dO de.b 
beq fini.l dc.l 

00 C31p.b ,9,dO de "" 
beq .pac•• 
aove.b dO,Ce]). 	

•••• 
.nd 

bra n.xt.l 
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$O'leOdO. 
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• AIOC Abort occur' llnell 
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$otlcOdO. 
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TTL ••• Poraat .cr••n tor FERC Trigger ~nltorlnq ••• .pace aov•• b ,a4).,dl.+CRT_TRI IDMT 1,1 Utility t ••t routlnea •• 
~y•• b UlO,dO 

n.pac• 1IOY•• b dO,Ca],.••• 1101101.1: CItT TRI ro....t acr••n 'or rDlc TrlgCJ.r ItOnltorlnq •• aub.b fI,dl~ •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••... .. bn. n.pac.\ 
bre nextch••• INVI~' raop VMZ·v.ralon. Any 'Ixxx ¥ME-CPU •• tintah ~y• 1$040., Cal' eotI ••• •• 

••• UUlGUAGt:1 .a.....l.r (Quel0 or "6I"IL-CERII,. Podtlon Ind.pend.nt cod••• rta ~ •••• •• crt.8g dc.1 $Of••OdOe llnel 'I .pac. and crlt••• DESCRIPTION: ror.at th. acr..n on the video t.raln.l with dl.gnostlc •• dc $0'12 Ilne2 II .pac.••• ........ for the ~nitorlng ot rl!:MC 2nd .nd lrd l.v.l trigger. •• dc.b 'I'''' Su_r T.at on rlMc Trl9CJ.r .t CERII .2 char.••• Writ•• on the crt out buff.r the varlabl•• n•••• : ~ ••• copy crt.., to crtbf. 
•••• dc.1 to'UOdOa 

dc.l to'••OdOe line]
~ ••• •• dc to'Oa lin••!b. locatlona Indlc.ted b, .<••••••• ar. HARDWARE JUMPER SELI!:CTA8LI ••• dc.b , unit I'!be location. Indicated bJ .<••••• deteraln. the configuration ••••• dc.b Unit 2'••• of tbe boerd or of the ay.t... • •~ dc.b Unit "••• •• dc.b••• IMlaY POI." •• UnitUnit .'5'xdef crt_trl •• de.b~ dc.b Unit "••• •• dc.l to'OIOdO.••• ItrI'ERIIAU.Y DErllllD ftOCIlJURIS IVI •• dc.l to,••OdO. lineSGO ••• •• dc.b , ".llbox, , lin.'••• III'I'IIIIIALLY DErlllED DATAl •• dc.l to,UOdO.
••• •• dc.l to'••OdOa line'
••• 8Jl"I'IIUIAL I'IlOCIIIUItBS anJlEIICID:.,. •••• de.b , Tot.M 'l1nel 

dc.1 to'UOdOa ... IXftRIIAL DA'I'A UnRDICID: •• dc.b , CII.I' Une'••• •• dc.1 to,UOd"••• .YITDI IItCWDE rlLIS: •• dc.b , CII.2' Unel0
••• •• dc.l to'UOdO.
••• UGISTU VAGI, IA)RGUIIDIT (D,ISTROYED (P)USEJtVED (R)ETURlfEO •• dc.b , CII.3' Unelll ••• • •• dc.1 to'UOdO.J :I 4 5 f ., 8R hi 8R 10 CCC'R)••• 1 •• dc.b , CII.4' lIne12!l ••• •• dc.l to,uOdOeD:••• •• dc.b , Ch.5· llnel]••• •• de.l t"UOdOaAl••• dc.b I IG.CLI • l1nel.••• •• dc.l to'UOdOa••• ""Y CONDI'I'IGI, any .tet. of the TIIS'2010 •• dc.b I I. CLI '1Ine1!
••• •• dc.1 to'UOdOa
••• an CCIIIDI'I'IGiI any .tet. of the tIfS'2010. •• dc.b t J. eLl '1IneU•••••• ,ARUIftD .....1.' •••• de.l to,UOdO.!brough STACK. cIc.b , IG.CLI 'lln.l'••• •• dc.l to,uoctOe••• ClDIU. VUJULIIII I.tack)
••• crtbt 

•• dc.b • I. CLI • llnell•• de.l to,UOdO.••• •• dc.b••• UJCAL VUIULEI •• • J. CLI 'ilnel' 
dc.l to'UOdO.••• •• dc.b , Ia.CL3 '11ne20.......~.........•................•.......................................... 

de.l to'UOdOa••• •• Ac.b , I. CLl '11ne21••• IEVISION IJSIORYI •• dc.l to,uOdoe 


••• Dan AU'I'IIOR CHANGES •• dc.b J. CL3 • llne22
... ------_... •• dc.l to'UOdOa 
.b.o ..I ..1 ,nlt1al coding •• dc.l to,••OdOa linea'...••• ",1,,17O!/2"n 

••DIdo Cro..tto ~I. rev1810n and .-dul.r .tructura de to.o. .nd of t.xt- ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• .+ .nd
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crt.e9IPC',•• 

I.. crlbf,e5".3
-'-D nextcb .aw••b ,a.,+,•• 
ap.b ,4,d.~ be4J "nl.h 

." o o 

." 

g 


l 


:: 

n 
0\ 
GO 

8 
o 

It 
~ 

a g. 
e 

cap.b 19,dO 
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••• •• 

• •• •• -
~ YrL ••• COpy the Global varlabl.. v.lu•• ~o the CRT out buff.r ••e. .+OUftUf' I.., 1.1 U~Ult, ~..~ !'OUu•• 
~ ..............•.......................•...................................... 

_ ••• IDDUL&. 0UItV, COpy \h. Global .ara.bl•••lu.a to ~he CRT out buffer •• 
~ ............•••......................•.....•................................. 

GO ••• •• 
..... ••• 1IIIV11lOIIIII'I'1 I'DDP'" ••r.lon. An, ..... wa:-CPU •• 

••• LAIIGUAGII b • ...,l.1' 	(Quelo or .'''IL-CEItJI). Poaltlon Ind.pend.nt cod... 

••• DlSClIPrIOMI Copr ~. Itack Global .arlabl.a v.lu•• of Loglc.l Unlta •• 
••• C..lll. de~al • ...,1••lat., ••t •••••n.r9Y) to the CRT buff.1' •• 

••• "'. locaU..... Indicated by ·c...... are HAlU_ARE JUMPER SELECTABL 
7he locatSona Indicated ., ·c.... det.r-In. the confl9ur.tlon 

••• ot tile boa... 01' of tbe .,at... 


••• III'I'IlW 1I011ft': 


••• IIfl'DlfALL'I "'IIID PIlOCEDUUS: 

••• 	 ar.f oal.t••od.te.n.oenervy.oal.t.l,oldn.v 

... 11I'I'EIIIIau.'1 "'1lID .'I'a. 


... DTDIfAL ~ RlPlREllCIO: 


••• DTDIIaL .,.a BPDIlIICBDI 


........... IIfCUJlllE 'II•• 


I ••• 
... ItEGII'ftIl UUG•• ca,1lGUIIIIft' CO, £8"''1.0 

GO o 1 2-...••• 

••• 
01 

••• al 
••• .-ray COIDl,.IOMI 

••• D1'I' COIDIt'tOMI 

••• ............ ....IIIGI 
a•••
••• GLOMI. VAIIIABLEI. 
••• 	 ..111z ••• al.te


I ••• dat.l 

••• 	 .lI9ft 
••• 	 det.an... 	 .......,

••• tlfOOl 
••• LOCaL YAIIlaaLElI ~ 

:I 5 7 

"':1210 In a., .~at. 

""2010 I. .., .t.t. 

'l'bl'OUCJb .,..aac. 
(.teck, 

CP,RUERVEO (R'J:'I'URHIO 


SR hi IR 10 CC'C'R) 


~ 
••• aIVlIIOM BISIOa'l. 

...... ••• 
Q ••••ft aU'l'llOll CHANGES 	 ••c··· --------	 ------------------------------------- ..:iIo ••• M/U/I., ....0 ..1 ..1 Initial coding •• 
til ••• "/1./17 Dlrlo croaatto Label. revlalon .nd ..aular .tructur. •• 
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n.vold 	 .qu • 


1••• 1 lnld•• (.5" •• 

aov•• b '14.d1


fr••ho aov••b ",d,

lraahl aove.b , •• ),2C•• )


•dd•• l '10, •• 
.ub.b l1,dl
bn. Ir.ahl 
.dd•• l ,20, •• 
aub.b 1 ,d7 
bn. r ••hO1

• 	
rta 

oalata 	 .qu •
1••• 1 IUo01+8(.5, ••, 
1••• 1 lnld+·C.5" •• 
aov•• b ",d6

pnxtu 	 eov• C·'),d5

aov • d5,d.

lar '2,d.

.nd 1$2000,d• 
.nd 'SUff,d5
01' d.,d'.ov..b 	 11.,d7 

attn. 	 181' l1,d' 

bee outo 

aov••b 1$]1,dO


putbf 	 aov••b dO,C•• ) 

.dd•. l '10, •• 

aub.b '1,d7

bne .ftn. 

• uN.l 	 '10·14-10, •• 
a•• l 	 '.0,.'
.ub.b 	 'l,d6
bn. 	 pn.tu 

• 	
rt• 

oalatal 	aqu • 
aov••b 'unlt.,d2 
aov•• l 'Na.,ao
1•• ..U1C.5, ,a• 
1•• .1.t.ca5',a, 

n••t. 	 aov• C.l)+,d)

bar b.aac' 

.ub.b 	 l1,d2
bne ..xt. 

..••ac. 	 aov••b 
• 	

rt. 

'.,d'..loopa 	 .ov. dl,d. 
and.b 1$0',d. 
cap.b 	 '9,d.
bill 	 atof• 
.dd.b 	 1$10,d• 

outlb 	 aov•• b d.,-c•• )
hI' '.,dl
aub.b l1,d5 
bne 	 bloapa
add•• 1 	 'U,a. 
rt. 

atof. 	 add.b IIn,d.
bra outlb 

Aline) position 22 
14 lin.a 
, unit. 

.hUt 2 

ne.t colu.n 


n.x~ line 

flrat fifo data 

I unlta 

bi~15 90•• ~o bltl) 

14 bite 

next unit 

A5tb lin. buff.r unit I 

• .acll to .... 

n ~ 

§ 
~ 

Ii 
ac:: 

If e. 

." 
o 
o.,.., 

to lrd lin. buff.r g 
next position 

I 

I 
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hi • 
outo .,.•• b 

Z bra " I •• 
octatant ...

C 	 ell' rn 	 1••• 1 
t"4 	 1••• 1 
"U 	 .,.••b 
0: naxtu 	 1•••1 ..... 	 .,.••b 
ClIO naxtdt 	 110"•.....a .nd

I bar 


1••
at 110"••1
110". 
..... 1~ 	 .ub.b 
bnaU. 

00 	 .dd.l 

.eN 

.u.b 
bn. 
rt. 

*• • 
oena..., ... 

l 
1••• 1 
1••• 1 
.,.••b 

metu ell' 
lIO¥a.b~ .,..ftxtdt 
bar 

*nxtdt .,..
• bar 
* 1...1
• .,.•• 1 
* .,.. 
* ......1 

•••1 
•••b 
Ime 
.....1 
ell' 
• eN.l 
a••b 
bna 

• 
rt. 

ollfGbt ... 
ell' 
1...1 
1•••1 
.....b- metaflt 	 1...1 
.,.••b.,..nxtdflt 

-< 
e: M.. 

1...1 
.,.•• 1\0 -ClIO 	 .,.. 

.....a ....1 

,,30,dO 

putbl 


* 

d7 ott.at 

dat••nC.5',al .'*2 array be91n. h.r. 

d.t.1 ,as, ,.3 CRT beftar possitlon 
,.,dt I Una. 
,.1,d'),.0 data pointer 
'I,dl I colu•• 
,aO)+,dO data 
"U,dO I btt. only 
....dca ha. tn dO to ascii In 11na buttar 
Un.bl,.S) ,.2
,.2)+, ,.,,+ , char. 

,.2,., ,.,,+ 

.t,., naxt unit 
U,dl 
....tdt 
120,.3 next Una 
U',dl
U,dt 
n••tu 

•
flfoOl+10,.5" 	•• .acond IUo data 

InUd+".5) , •• eRT butt.r po.ltlon 

",d2 7 l1na• 

.7 ott.at 

'I,dl I colu•• 

,.1,d7, ,d' 

lUra.e' 

,al,.7, ,dO data 

....dca h•• In dO to a.cll In Ilna butt.r 

Unabf,a5, ,.2 

,.2,+".,,+ I char. 

C·2,+,C.')+
,.,., naxt untt po.ltlon

'to,d7 n••t unit flto data 

tI,dl

_tdt 

12,.1 

d' 

'20,a. naxt Un• 

",d2 

nxtu 


.. 
d1 	 off••t 
f 1f00 1+.,.5, ,.1 "Ira data h.r. 
dat.IC·.),.' CRT buft.r po.ltlon
'I,dt I col.... 
,.1,.'),.0 d.t. polnt.r

15 Una'15,.',aO)+,.o data 

baxdca .... In dO to a.cll In lin. butt... 

Unabf,.5, ,.2 

,.2'+"a')+ • Ohar. 

,.2)+"a',+ 


naxt l1na17.,.' 

'TI 
C 

.ub.b tI,d6 C
bn. nxtdtb ." 
.ub.l tl190,.3 next colu. 
.ub 140,d' naxt unit. fifo 

• ub.b tI,d• 
 g
bn. nxtufb 

*. 
rt. 

* .nd 
* 1 

:: 
n 
~ 
o 
o 
o 
f: 

a 
~ 

g. 
n 
UI 

,,;, 

., 
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8; -••• •• ... OS/29/17 Shao Bel Bei Initial coding •• 
pIen 11,1,1 ... 06/19/17 Dario Croa.tto Label. revi.ion .nd ~ul.r atructur• •• 
ttL ••• utility I.routine•••• ••• •• 

_ .+SU8L18 I..... 1,1 UUUty .ubroutlne. ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
~ ............................................................................. ••• •• 

00 ••• IIODUUh IUaLt. Utllity .ubroutlne. of general u.e fro. other .odule • 
~ ............................................................................. tnt.p equ 0 Trace on. .t.p 


trcont .qu $1000 Trace. continu. until progra. end. 

••• INVIROIDarrl POD. VIlE ver.ion. any I •••• VNE-CPU •• •••ktr .qu $7ftf .a.k for Tracing ..ny .tep• 


...kun .qu $7 

••• t.aIIGIJAGB. ......1.1' (Qu.lo or .61I11I.-CZ1U1). Po8iUon lndlpend.nt Code•• • 

.qu
cop, •••• •• .ov. (aol+,dO cop, aO'" .tring 

.ove dO.Cal,+ to al" 

••• DUCllrPl'rOM. ....t. Protr- ....0'" of 'I'IIS)20 fro. VIlE bu. and l.ave. •• e.p.b 1$0.,dO 

••• the caat.nt uncbanged. •• 
 bn. copy 

••• ..... coepl•••nt. the value, writ••• Th. above operation + check. rt. 

••• I. done t"ic. on ••ch _.orr locat Ion fl'" 0 to $I'FF of 'rogra. .. • 

••• ··.orr. •• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••• ... locatlona pointed by .<••••••• ar. HARDWARE JUMPER SELECTABLE • Subroutln. h••adecl..1 conver.lon 

••• ... location. pointed by .<.......y chang. the configuration •• • h•• In dO. decl..l In linebf 

••• of the board or of the .y.te.. •• • It. u.ed:dl,d2 ••• 


••• arnty 10111"1': •• h••dee .qu • 
lea.l linebfCa5, , •• 


••• • III'I'IIUIAU.Y .."no JIIlOCEIIUItI!S I •• .ov•• b 1$20,(•• )+ 1 .pac• 

xdef capy,be~,hx.acl,valt •.wltch •• 
 .ov•• l 1l0000,dl 

b.r de. 

••• III'I'IJUIA.U.Y ..rInD Dl'l'A: •• .ove.1 1l000,dl 


bar de. 

... EX'I'DII&L ..x:~ UPDIIICIDI .ove.1 1l00,dl
I ••

00 .ret .onitor,oterIf •• b.r de. 
W ••• .,.et ..ltch.hxaacl,copy,ocrlf •• .ove.1 nO.dl 

bel' de. 

••• mrrDIIAL M'I'A UPD.IIIC'IDI •• add.b UlO,dO 

.+ .ret " ..,unlte,off..t,ratrl,broadc •• .ov•• b dO. (.4)+

••• •• .ove.l nOOOA0404.C.4) 

••• 11'1'" r~ puas, •• •

••• •• l.a.l Unebf(.5) ••• 

••• ..II'I'D..... (A) ItGUIIEII'I' (D,II'1'ROYED C')RESERVED (It)ETUJUlED •• add. 1 '1 .••
••• •• ..1'0.ov•• b ".d2 t.k. off .t aoet •

••• o I 2 J • , 7 Sit hi Sit 10 (celt, •• UO aov•• b C··),dl

••• • •• CIIp.b UlO,dl 

Dr bn. n.d~ ••• •• .oV••b '$20. C•• )+ 
A • aub.b ll.d2I ••• •• bn • ifo 


••• IIIftY ClDllDI'rIOM. '0 ... IAIIO on tTl".,. connector •• nad rte 


••• DI'I' a.ol'rIOM. QI.....1.. te.ted rna VIlE bu. •• dCli aov••b '$J0,d2~ ••• •• ~1" UI,dO fore. to plu•• 
..................811101 ThrGUCJh 8'l'A~. •• de.l add.b 'l,d2

aub.l dl,dO 
00 

••• ••= de.l 
~ 

••• OL08&L .AaJAILlSI (.tack) •• bcJ·
.ub.b ll,d2


I ••• UM:AL .UIULIS. ,.tack) •• .dd.l dl,dO 

.ove.b d2,(a.)+2J ••• •• rta 

••• JlYJIIOM .ISIOI1's •~ ••• • Subroutln. ".It ••econd 
v. ••• Dl.... AVIROR CHAlIGES •• • 
00 ••• ".it aov• 1l5,dl 0.27.15 - •••cond 

a: 
n 
0'\ 
00 o o -o 
ft 

a 
~ 

g. 
ft .... 

.,., 
o o 

g 
.,., 

l 
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"r1 

Q 	 ...r wlU 1e•. l • .,2118C)(pc),.4 ·N' .te.,. 'I'MS Pl"9.wltO 

'1.611 
 bar 	 out.tg .nd re,..t te.t.,... 	 I».r rddc.~ 	 •• v.lt.OZ 	 t»c. nataprt.. t.

I valtl ..a '0,610 valt 0.21 ..cond .nd ....lI:tr.dO 
0 v.IU .6161 '1.610 IIOve.l 	 'broadc••O 
t'I1 	 ... '0,610 .ove dO,bo"6(eO) 

1»_ v.IU IIOve ",r.trl(.O) 
~ rt.. IIOve 	 '4,ccr 
:x: ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ..... 	 • 

rt. 

.....raut.1__1t.eIa •.,1··9 dc.1» • Type: M-Monltor, T-next te.t, C-Contlnue,' 
~ 

•• dc.b ' .·.uabar of .tep., Anykey-one .tep. • 
I 

••.,, tela .... 	 dc $0404 
..... 	 1e••1 evh-VCpc), •• call • .,ltch • .,2··9 dc.b • How .any .te,.?(0--l2161): • 
Q 	 rete.t dc $0404...r 	 outat.. "'q

_r 	 Inch bne contlnu. • 
np.b 	 1$041.610 • .,lch2 aqu • 

entn 	 nstep2 bar otcrU~ Nfl 
....b 1$0.,610 1e•• 1 •.,l••gCpc) ••4 

\.h I»ar outstgNfl 	 entnCIO bar rddca 
ent.n t»c. natep2 on error 89aln 

....., 	 "20,610 
Nfl .nd 	 ....lI:un.dO ....1» .'•••610N, 	 _Itor baq n.tep2 


•••• ,dO ClIp .unlt.,dO
....1» I»gt 	 n.tep2"'q 	 rt..t 
I»r. 	 _It.ch .ubq 11,610

aulu 	 'off.et.dOcatn 	 lIOYa 'O.ccr IIOv•. 1 	 .ba•••• lrt.a 

rt.at. lIOYe ,.,ccr 
 lee. 1 	 C.l,dO".o

• .,Ichl 	 aqul rt.. 	 •
1••• 1 	 • .,I..g(PC),.4 c.n •.,Ich!• 	 b.r out.tg 

de." , • for retut, • t.o Konl tor r' 32 _r b,ch I»n. contlnu. 
~ ...... 	de.1» • ..,..••pace or retum for continue' 36 Nq rete.t· de.1 	 .04108040. ClIp "'1" ,dO

Nq 	 nte.t•
Rich1 	 ... • ClIp. I» "M',dO 


1...1 -I-.Ipct,a. c.ll • .,lchl Nq IIOnltor 

•••• ,dO...r 	 out.atAJ ...q ret••t. ClIP·" 

...r 	 Snell I»n. contlnu• Nq I'Ptlnp
CIIp.b....., 	 "'1" ,dO "C' ,dO

cntnl.e.t. 	 -qNfl..... 	 ,n,,,,2 lIOYe.1 ,I»roadc••o One .tep of 'IllS.·.·.610 ... 	 ,t.r.t.p.boX61.0, and re,..t 1••t. t.a.t_1t.orbecI 	 ........ 	 ..... ,dO ",cer 
_t.ap 	 rt..Nfl..... 	 .·C· ,dO • 

Nfl 	 entnl cntn2 1IOY•• 1 '''ro.de••O Execute 'I'MS Pl"9. unt11 .nd 

enrur lIOYe.l '''reade,aO One .tap of TItS 	 ... ,trcont.box6C.0' and re,..t t ••t 
lIOYe 	 .t.r.t..p.box6(aO) .nd r.,.at. 1••t t ••t ..e ...ccr 
IIOva 	 '.,r.trUaO, ¥t. 
IIOva 	 •••ccr • 
rt.. I'Ptlnp Mr otcrlt 


nt.Ht. lIOYa 'O,ccr 1••• 1 • .,2.11C) (pc) .a. 


• 	
rt.. bar out.tg 

_r rddca
- cntn! lIOYa.1 'bl'Olldc,.O hacut. TMS pr9. unt11 end t»c. 
 rpUnp.... 	 .ndIIOva 	 't.rcont,1tox61.0) .nd r.,..t test ••••ktr.dO 
lIOYa 	 •• , .... trll.O' IIOV. dO.boX6(.0,~ 	 aova •• ,ccr IIOva .. , ratrllaO, 
rt.. ..e •• ,cer

\D • -	 rt..CIO ..... _t.. Nr otcrlf 	 • 

0 
0 
." 

g 

1 


~ 
n 
010 
00 
0 
0 
0 

Ii 

a 
~ 

c::g. 
0.. 


http:off.et.dO
http:lI:un.dO
http:lI:tr.dO


••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

00 

.ov. 	 dl,lnbuff(.5) -~ awl.., 	 dc.b 'Which Logical Unlt1(1--I):' bar 	 otcl'lfe.. • 	 dc $0404 

. rta 
~ ........................•.................................................... •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• ~ " 
00 • Subl"OUUne R•••elecl..l to bcll conv.ralon 	 • Subrutin. rdde. r ••d nu~r 0 to 15515, data In word In dO 
~ . • if .1'1'01' a.t c. 


lur.ac. •
• 	 ... • rddc. .qu
..",. 	 ••,dS d, to • h•••acli •

bar 	 r ••dlnhloop 	 ..",•• 1 dJ,d4 .ndoutput clr 	 do.nd 	 I$t,d4 clr 	 d2 
ClIp 	 ",414 ItOV. 	 l1,d]bhl 	 .tof 1••• 1 	 InbuU (a5) ,.0add II]O,d4 


out••c IIOv•• b d.,-(." pullh rHult 
 eov. 	 ,aD) ,dl count.I' 
e.p 	 lS.dllar.l '.,d)


aub l1,d5 
 bgt rd.l'ra r.ad .1'1'01' 

bne hloop l.a.l 2(aO,dl),.0 point to laat char.+l
nxde. 	 1IOY•• b -,.0).d2ItOV. '.,d5


oloop IIOv•• b (.',+,d4 pop to output e.p.b "0' ,d2 

bel' outch 
 bit I'd.rra 

aub l1,d5 cap.b "9' ,d2 

bne oloop 
 bgt 	 rd.rra 

and I$Of,d2

.ulu d),d2 


.tof .dd e.p.l '$10000,d2
• 	
rta 

"37,d4 bg. 	 rd.rra 
.ulu 	 110,d]

bra 	 out.ac
• 	 .dd.l d2,dO. e.p.l 1$I0000,dO~ bg. 	 rd.rra.: aubroutlne re.dln read Una to Unabt Urat word ia the count.r. aubq 	 l1,dl

bn. 	 nade.
00 nadln... • IIOY. ~ 	 l.a.l lnbutf+J,.S),.4 'O,CCI' cl.ar c .a ok flag 


ell' d1 aa bytaa count.r rta 

Inloop 	 bar Incb rd.rr. IIOva 'l.ccl' a.t c aa .rror flag 


.ddq l1,dl rta 

ClIp 	 ,btal••-J,dl daply equ ... 
bge 	 _nltor too un, claar. .1'1'01' •

bar otcrlt 
MY••b 	 dO".4,+ le•• l crtbf'.'),a4CIIp.b 	 "Od.dO bar outat,beq 	 lnrt. n.

(1 	 CIIp.b '$O•• dO 
tJ1 	 bell lnrta •• •..d 
~ cap.b '$OI,dO back apac. ••

Z beq blta.,.


CIIp.b 	 '$JO,dO
I bIt ctrlc 

~ MY••b dO,d.

tJ1 bar outell echo 

~ bra inloop 

~ ctrle 	 MY••b "" ,d.'= 	 bar outch 
~ bra inloop 

00 bbpe aubq 11.411 

~ be. ....dln 

I 1IO"•• b dO,d4 

~ bar outell 

~ 1M)V••b ',JO,d. 

~ bill' GUtch
> 1IOY•• b dO,d4 

tn bill' outcb 


bra inloop
::a lnrta MIbq 11,411 


~ 
(1 
0\ 

o o 
o 
n -
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~ 

c:g. 
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UI 
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bl plen 66,6,6
'l"l'L ... IlAIL-IOX INTERRUPT •••

Z ••INTKL IONT 1.1 utility routine. •• " I 	 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
... IIODULI: III"I'IIL IlAIL-IOX Interrupt 	 .. 

~ 
t"" 	 ... DlVIROIdNT: roo, VIlE venlon. any 61xxx VIlE-CPU ••"U ••• 	 ••:c ... LAIIGUAGE: M ..llbler CQuelo or "6,"II.-CElUt,. 'o.iHon Independent. code"...-4 

~ ... DESCRIPTIO'I: Inlti.lhe IlAIL-IIOX Interrupt. Vector .nd IAvel 01 the .. 
I ••• interrupt controller. for n 'DO' unlt... •• 

••• When en Interrupt fro. the 1lA11.-1I01 of a FDOP oecur.. tha Cr.t..·· 
~ ••• controller CPU 1'••48 tb. Interrupting Nail-lox and .av•• the v.lue •• 

••• on the CfU-lt.ck. .. 

••• ~e loeatlona Indicated by .<••••••• are HARDWARE JUMPER SELECTABL~ ••• ~e 	 ••loeatlona Indicated by .<••••• d.t..raln. the configurat.lon
CA". of the board or of the .y.te..
00 	 ••• 


••• IIn'RY 1'0111"1': 

• def Int.1 


••• IIITDIIALLI Dlrl.EO PROCEDURES: 

•def ivctl.ivct3.I.ctl.lvct•• lvct.S.lvct6 


••• INTERNALLI DE,INEO DATA: 


1 •••••• D'I'IIUlAL I'IIOCSDUUS URRDlCEO; 

••• U'I'IIIIAL .'1'1. DnR£NCIIU00 
0\ 	 .+ ar.f .....unlt•••I.t.••off..t.bo.6,.lcrl ••lvrl 

••• • IITIII I.CLODI 'ILISI 

... UGIS'I'D USAGas CA)IGUIIIN'I' (D)ElTROYID (P)RESERVED (R)E'J'URNED 

••• o 1 a J 5 , 7 IR bl SR 10 (CCR)• 
••• 

D: 

••• A' 
••• ..,., COMDI'I'IOM, Interrupt controller. on FDO' boarda are not. Inltl.ll.e. 

••• axl7 COMDl'l'IOMI Nall-Io. G~"L V.... I ..LES b.v. the upd.t.ed v.lu.. •• 

... ,..........u PASSING: ftlrough ITlCIt. 	 •• 

••• G~IAL VARJA6L£S: Catack) •• 
••• .1.taC.S) • "II-lox of Loglc.1 Unit 1 •• 
••• .1.t••ICe', • ..II-loX of Loglc.l Unit 2 •• 
••• .let.e••CeS) • "'11~1o. 01 Loglc.1 Unit. ) •• 
••• .1.t••6CaS) • Nail-lox of Loglc.l Unit. • •• 
••• .1.t••IC.') • "'il-Iox of Loglc.l Unit. , •• 

- ... .lataHOC.S) • "11-10. of Loglc.l Unit 6 •• 
••• ~ VAltI..Uhe: 	 •• 

"< 	 ••-•••............................................................................. 
\0 ••• •• 
~ ... IEVISIOil HISTORY; •• 

.. 

••• DATE AtmIOR atANGES 	 ••... -------- ---------------- ------------------------------------- ..••• 02/11/1' Darlo Cro••t.to Inltl.l coding 	 •• 
••• OS/2./17 Sh.o Bel Bel extend t.o .Ix Loglc.1 Unit. •• 
• •• 06/1./11 Darlo Croeet.t.o Label. re.l.lon .nd aodul.r atruct.ure •• 

••u.rvct .qu $100 
·.l.vell .qu III
••
Int.1 	 1••• 1 "g.ICpc) ••• 

b.r out.tg
• 

aove.b 'unlta.d7 
aov•• l ,uervct,.) 
1••• 1 .etbl(pc),.2 

nvct. aov•• l (.2) •• C.)'.
.ubq.b lI,d7 
bn. nvct. 

• 
.ov•• b 	 .unlt.,dl 
aov•• l 	 .be....) 
aove fu.rvct,d6 
1.1' '2,d6 . 

nxtv 	 • ove.b .1.vell ••lerlC.) 
aov•• b d6••I.rl(.), 
.cId•• l foll••t,.'
eddq.b lI.d6 
aubq.b fl.d7 
bne ut•

• 
le•• l .llt.CaS),al
aove.b 'unltl,dl

.Iclr 	 clr Cal) • 
IQbq.b fl,d7 
bne .lelr

• 	
rtl

•• 

<•••• ua.r v.ctor .ddr•••<.... Int.rrupt. l.v.1 1 

divide by • 
..Ilbox 	le.el ctrl .ddr• 
..llboK vector .ddre•• 

Cl••r ..II buller 

UfJ'ai 	 de.b llallboK Int.rrupet vector. Inltl.I..• 
de.l 'DDOAO.O.

••
.ctbl 	 dc.l betl 

de.l beta 
cia. 1 beU 
dc.l bett 
flc.i bets 
dc.1 bcu 
de.l 1.oU 
dc.l ivcta 
dc.1 bclt 
dc.l bctlo 
dc.l betll 
dc.1 bctll 
dc.l bctU 
dc.1 ivctU 
de.1 ivctlS 
dc.1 ivctt' 
de.1 lvct17 

.,., 
o o 
"'" 
g 


l 


3: 
Q 
o o o 

g 
a g. 
f: 

00 

..I 

http:unlta.d7
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• • 

••• •• 

-------------------------------------

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

YTL 	 ••• A.ad Mall-Bo. t.et Ira. VKE bu., without interrupt ••• -..... ••ADNAIL IUNT 1,1 Utillt, t ••t routine• 

~ dc.l lvetll ••• MODULEr RDMAIL R.ad M.Il-Bo. '"5)2010 .Id. without Int.rrupt •• 
dc.1 	 IweU' ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

\0 dc.l lvet20 -
00 	

••• ••
dc.l 	 ivet21 ••• ENVIROMENT: FOOP YME ••r.1on. An, I •••• VKE-CPU ••.....a 	 '.dc.l ivet22 ••• ••
dc.l lvet2:J ••• INIGUAGI: ....lIbl.r (01.1.10 or M"MIL-CERN). PoaIUon Independ.nt cod ... 
dc.l ivet2. ••• ••• ••• DESCRIPrIOH: R.ad. the M.Il-lo. (tMS32010 .id.) fro. VRE bu. for the •• 

Ivetl .",. ba...boxl,.l.t.(.S, ned _11bo1£ ••• nWlber of unit••pecUied in the MIN pr09ra.. • • 
rt. ••• S.t TMS32010 on activit" r.ad. the Mall-bo. of tolca) unit., •• 

lvet' ... ba...off..t+boxl,.l.t••J,.S, ••• writ•• ~••ult. to STACI Global Varlabl... •• 
rt. 

IveU ..,.. offeet·2+bo1£l+b...,.1.t.+.(aS) ••• 'l'he location. indicated b, .<...... ar. IlUIlIIAJtE J'UIIPER SELECTUL 
rt. ••• 'l'he location. indicatad b, .<•••• d.t.ralne tb. confl9uratlon •• 

ivet. ..,.. ofr..t·3+box6+ba..,.1.te+',aS) ••• of the board or of the .,.t... • • 
rt. ••• •• 

Ivetl. 	 IIOV. off••t ••+bo.l+b•••,.I.t.+I,.I) ••• ENTRY POINT: •• 
rt. ••xd.f rd_ll 

ivet' IIOV. off••t·S.bo.l+ba••,.1.t.+10,.S) ••• •• 
rt. ••• INTERNALLY DEFINED PIlOCEDURI!:5: •• 

ivet7 rt. •• 
ivctl 	 rt. INTERNALLY DEFINED DATA: •• 
ivett 	 rt. • 

••• 
• 

••••••
•••• 

••EX'TERNAL PROCEDURI!:S REFERENCED: 
ivetll rt. ••ivetlO 	 rt. •• 
ivetU 	 rt. ••• EXTERNAL DATA UP!RENCED: •• 
lvetou 	 rt. .+ xr.f unlta,ba••,r.trl,bo1£1 •• 

rt. ••• 	 • • lhetulvetlS rt. ••• SYSTEM IMCWDE PILES: •• 
hetll rt. ••• ENTRY COIIDITIOIr: TMS)210 In an, atat. ••

OD 	 iveU7 rt. 
.....a 	 ivetll rt. ••• 

•••••• 
EXIT CONDITIOlh TMSl2010 act,.. ••

lveU' rt. ••ivet20 rt. ••• PAIWIE'I'EIl PASSING: 'J'hr0U9h 8'l'Act:• ••
lvet21 rt. 

Ivet22 rt. ••• GLOBAL VARIAaLII: (.tack) ••
Ivct2:J 	 rt. ••• .l.t• ••ivet2. rt.

• ••• U)CAL VARIAaLES: ••
.+ 	 .nct n 	 .. • + ••• •• 

tn 	 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
~ 	 ••• OVIIIOI WISTORYI ••
Z 	 ••• •• 
I 	 ••• DA.... umtOR CHAIIGES ••... -----_.-	 ••C 	 ... 01/29/17 ---------------- Initial codlft9Ihao ..1 ..1 	 ••tn 	 ••••'/1'/17 DIdo en..tto Label. r.vl.lon and aodular .tructur. ••
t;; ••• •• 
.... ••• ••== 	 I'dM11 equ •
OD 
.....a 	 ..,.•• 1 'ba••,aO..,.. ,o,retel,a.) Enabl. t'KSI ..,.••b 'unlt.,da.....a 
0 	 l.a • 1.t.'aS',a' _l1box .tat...aov. 	 box'(aO"dl nad _Ilbo. fora VIfE 

nextr 	 aov. dl"a3,+ 
.cld.l 	 .0Ua.t,ao off••t to next unit~ .ub.b 	 '1,d2

"" 	 bn. n.xtr
OD 

• 	
rt• 

• + 	 .nd 

:: n 
~ o 
o o 
ft 
f.l 
a g. 

n 
M 

.,., 
C 
C 

g 
." 

I 
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•• .. .: 
• 
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•• 
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...... 	 M.".I ::a= 8. ~ 	 ...... 
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:::.1 
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••••••• 
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••••• 
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"III .OM"'''' 111- I .. 	 0 
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-. GI.: 
fit Q, 
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.. 

III" ., ....••• ... -- • .. ... .... -.... " 

i-GI 
-00• I ~1(~~:·~oooo "!t~or~:~~"!8 ~I 

...GI:,,!,,!:., ...... ".... 
t~ I!

: III ~M~J:I .......O.O .... M:lOO ...... 1II1 13: 0
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••• ••• 
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•• 

••• 

•• •• •• •• •• •• •• •• •• •• •• •• •• •• •• •• •• 
•• 
•• •• •• •• •• •• •• •• •• •• 

••• 
••• 
••• 

••• 

••• •• 
•• 
•• 
•• 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

t7L ••• "11-10. t ..t f~ VMI bu., without Int.rrupt ••• 

••~ la.f 1,1 Uti1lt, t ••t routine. •• 


~ ............................................................................ 

••• ........ Il10l'1'l'i' ..11-10. t ••t fro. VIlE bu.. without int.rrupt •• 


~ .........•.•......................•.......................................... 

'<r ••• •• 
~ 
DO 
~ 

1 
DO 
\0 

... 1ft1""'1 JPDDP .... v.r.lon. Any,.... VIIE"CPU ..... .. 

••• J.UlGUAGEr ......,l.r CQue10 or K..KIL-CEIUI). Po.itlon ind.pend.nt cod."... .. 

••• DBSCIlIPrIOI.. Ib:it•••nd ...de the "U-Iox (WE .ld. and 'I'ICS .id.) froe•• 
... tIMI ". ..... for tIMI IIIUIIbIIr 01 uait••pacified In the MAIN progr..... 
••• Stope activit, of the ,..32010 with ••oftwar. r •••t, t ..t. •• 
••• the ..11-10. tRS .lde ,frae "'32010 to YME). Chack. for .rror. •• 
••• set "'32010 on .ctlvlt" t ••t. the ..11"10. WE .id. (fro. •• 
••• ". to ,..32010,. Cbecka fo~ .rror.. •• 

The location. indlcat~ ., .<••••••• ar. HARDWARE JUMPER SELECTABL 
The locatione lndlcat~ ~, .<••••• dat.r.1ne the conflvur.tlon ••••• 

of the ....... or 01 tba .,.t_. 
••• IMTaY POIMT: 

••, uUb. 

••• IftllUlALLY .,..IIIED fROCBIIUIU!S: 
••• uef tMwM,..c. 

... III'I'EIUIALLI' DInNED Dol'l'A: 
••• .r.f ratri.boxt.bo.' 
••• ~ I80CaIJUItU UFU£llCDr 

• r.I _tcb,_taq
••• xr.f .-ltCh 

••• IftDIIAL .,.. Mt'DIIICED: 
•• xref baea,UDita,ofl..t,l'dfl,r.tri ••10 

••• SYft'a IIICUJDK 'ILEI;
••• auG., C.,......, CD)""'Y'"••• UGln.. CP)ItESERVED 

n •••••• rn ......., CDIIDI'l'IC*' "''1 .tat. of the ,11'0'.'" Z ..•••.DI,. CIIIDlftC*. "ro·. teated .... cl..nd on .xit. 

I ••• ................1.iS ftr'cNgb n •• 

••• cu.oau. "UIIILI8I C.tack,~ ••• ... UJCU. VUllULiI 
::c ••• 

••• o 1 J 3 • I • , sa IIi 

••• 0: 

.; 

.... •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
DO ••• •• 
~ ••• IlIV1SION .IS'fOIlY. ••
I •••. •• 

••• .,.. IU'I'IIOR CllAllGES ••ct ... -------- ---------------- ._----------------------------------- ..••• 01/2./.7 ....0 ..I ..1 laltlal coding •• 
••• 01/1./.7 Darl0 croeetto Label. revl.lon .nd aodu1.r .tructura ••~ ••• •• 

~ ... .. 


IR 10 ,CeR) •• 

.. 

.. 

(R,II:'J'UIUIED •• 

c:.agt .qu -1.-12 line I>uU.r 1......, equ eM9t-l. 11ne l>uff.r I 
aaap.... 11ne I>uUar 3:111>. trnk a'.,CMg loc.l v.r. polntar rc1•• baatt(pc) ••0 n1•• ~tC.') ••l 0\ 

00 
1•• MagY(pc) ••0 
Mr copy to data .r.. 

81•• caacp(.'".l ob.r cop, .OA .trlng to .1A ftl.a baat(PC' ••0 
1•• CM9C.'"al 

a =b.r cop, 
IIOV. 'unlta.d2 Unit. nUllbar 

1IOV'••1 ' .....,aO .....ddr••• 


bloop IIOV. "1555,dO "a.t with 010101 ••• I·.,.tnbMr .dju.t unit nu....r e..I>.r tea.. " ••t t'IIS toVIII:

l>ar v.atM VIII: to 'IllS 

1•• CM9Ca', ••• 

l>ar out.t9 

.dd.l .ort••t,.o off••t to n••t unit 

.ub n,dl 

I>ne bloop

unlk .1 

b.r ..,ltch 

I>aq ..Ub• 


• 
rt. 

taa.. l>ar teav.l ,...t twlc. 

tMv.l IIOV. n,ntrU.O, ....t '1118
.... dO,boxt,.O, Wdt. fro. till 

IIOV. 'O,r.tr1(aO, lnal>l. '1118.... box".O)"l a..d frae VIII: 
ClIp .O,dl 

I>ne b••rr aaport arror 


tM'V112 not dO ,...t viti> 101010••• 


• 
rta 

..t_ l>ar ..tal 


....ta1 .... dO,bo·'C.O, Write fro. VIII:
.... 'l,ntriC.o, ....t'1118.... bod,.O"dl had frae .. 
ClIp dO,dl... b••rn ..~ IIOV'. 'O,r.tdC.o, .....1... 
not dO 

• 
rta 

b••n 1.. CMttCa'),•• r.port .rror 
ller _tatt 

ka an.a 


I>Hrn 1.. C'MfJ'VCe6,,·. report error 
• .. _t.q 

."~n ....taJ
.i.tat> 1.. -..,tC.",•• adiu.t aUllber tJ ....1> '1,1,••) ~1.. CMCJ'VC.", ••....1> 11,1,••, 

1.. -".'" .. g.dd." 11,1,••, 

• 
rta 

de.b 'Unlt 0 ..11box '1118 to ~ 1.11.... ,1011••0•• $0•• 10. Jlcbar. 
de." 'Unlt 0 ..ilbox VIII: to ,.. f.l1.... ,.0d••0•••0.,.0. Jleber.• I....=de." 'Uait 0 ..11box t ..tad. ",011,'0•• '0•• ,0.•.+ ..... e.• 

http:unlta.d2
http:ratri.boxt.bo
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••• •• 

•• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••• 
••• 

• 

(1 tTL ••• TRs3JOI0 t ••t ••• 	 • 
t ••nk equ •~ 	••18132. IDWt 1.1 utillt, t ••t routine. •• aov•• 1 ......,.0.•....•..........•.•....•...•....•...........................................
~ 	 aov••b .unlt••d2Z 	 ••• IIODUtB: 18Inl 'fe.t the 18132010 lunctloMUt, •• aov••b••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 	 "1' .d' aov. 1$5555,dlI •••• 	 •• aov•• 1 • b .....l .... RAN .ddr•••t:1 	 .......1.......... rDDP VB tr.ralon. Aft, ..... 'VIlE-cpu •• ll.r.trl(.O, ....etftS
tloop aov.rn 	 ••• •• load to '!'lIS ...orr"'1't"" 	 ••• LlJlGUMla a....I.r (Qu.lo 01' ."IIIL-CIIUI,. Poalt1on Ind.pend.nt cod.·· In.bl. 'I'RSaov. ,0,r.trl,.0)III'CJ 	 ••• •• aov. dl.bo.'(.O) Writ. to ••llbo.=c ••• DBlc.lPrIGla ~d. a !WIlZll0 a • .-.bl, progr.. Into the LOGIcaL OMIT •• aov. 11, r.trl (.0, ...••t TIIS 

.... ••• pr09r_ -rr•••acuta. It fr.. 'I'IIS)2010 .nd Check. for .1'1'01'.. •• aov. ,JO(.U ,dO r••d froe RAIl
00 ••• ~ta the .....1' of LOGICAL 01178 .peclfl.d In the RAIN Pr09r•••• 

ClIP dl,dO 
~ 	••• Wrlt.a ........ to "II-loa (VIIB .ld." Ia.d. a protr•• Into •• 
 bb. t.rrorI ••• the twa32.1. Pr09r.. -..orr...t TRSlaOl0 .ctlv. th.t •••cut. the •• 1••. 1 t ••,O(pc), •• 
~ 	••• pr09r_ C....d. v.lue fraa lleU-1oIr VIlE .Id••nd "rlt•• to "'01')' .. b.r out.t,
C) 	 ••• location of Lolcal Unit,. ~...ta TRSlaOl0 to no .ctlvlt" r••d. •• ao•••b d',d.t:1 	 ••• In. VIII IN. the ....rr loc.tlon 8IOIf1U.d .nd Check. for .rror •• b.r outch:l;ao 	 ••• •• 1••• 1 t_,l(pc) •••fn 	 ••• fte locaUone Indicated ~ -<til...• .ra IlUDWARI J'IJRPIR SIUCT••L b.r out.t, 
~ 	••• ~. locetlona Indlc.ted ~, .<••••• d.t.raln. the conflgur.tlon •• off••t to next unittn.xt .dd.1 .0ft••t,.000 	 ••• of the board 01' of the .,.t... 	 .. .dd.1 .0U••t,.1••• 	 •• .dd.b ll.d3••• IRTaY PDIMT: 	 •• .ub.b l1,da•d.f taal2k 	 •• bne tloop••• 	 •• ."ltch"'1'••• JIfI"DII.LLY ....1Il10 ftOCIDIJItE8: •• ...q t ••nk••• .del load 


••• ·IIfI"DII.LLY _nlllD _TA. •• rt•

•••• 	 •• load 1••. 1 ...,(pc) ••J••• ~ JIIIOC..... Bn:RINC8Oa 	 •• aov•• 1 .1,.'.r.f ..tch,..t.t, 	 •• ao•• '5,dl 5 word. proqr..I ... ....t _Itcb •• 10adl aov. ,.a,+, (.,)+ to RAN••• •• .1Ib l1,dl:8 	 ••• ~.L _TA .......CID: •• bne loadl
•• ~.f .......Ita.ott..t,~trl.boxl •• rt•

•••• 8f1'f111 JIICUJDIt n ..... •• urror 1••• 1 ba4JO(pc) , ••••• 	 •• bel' outat, 

.....1.... ..,.1 ca,......, (D,""'YID (P,USIRVZD (R)I'I'URNID •• .ov••b d),d•
••• •• bel' outch
••• .12 :I • , • , sa hi 8.. 10 (CCR, •• 1••• 1 b89J(pc) , ••
••• •• bel' out.t,

••• DI •• br• tne.t. 

••• al •• .... dc•• t7110 loop LACi( >1.
••• 	 •• dc•• tU03 JII 3,J
••• D'I'It1' CX*DJflGlI &at' at.te 01 ~ _12.10 •• dc•• t700) ft.... )
••• •• dc•• tr,o. .11IP loop 

... DIT a.ornGlI ..12.1. teated .... _ actlv. •• dc•• t ..OO 

............. PUIIIII" til... 8'DCIl. •
•• tMg' dc.b ,•...unit'.••• 	 •• d(:••• 8I.D1AL YUJalll.Da CataclE, •• tMgl de.b • ...32110 I. okl' l1ch.r.
••• •• dc.l '.00•••0.
••• I.DC&L 9I.IllUIa1 •• tMg2 dc.b • • ••1TRS)2.10 doe. not work •••• , Uch.r.
••• •• dc.1 .OOOA••••
-	... • 
••• REYJ810R .ISIOIYa •• •• .nd 	 •• 

'<
e: 	••• •••• • 

aft _0 aUftlOR..1 ..1 	
ClWlGBS 

~ 	••• "/2'/.7 Inltl.1 codl", •• 
.,.rlo ero..Uo Label. revlalon .nd aodu1.r .tructur. ••~ 	••• "/1'117 
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o 
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n 
0
00 o o o 

g 
a g. 
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•• 

• 
"t.t .qu . " 

IIOV•• I .ba....O••• 	 •• ROv••b .unlt.,d2pl.n 66,6.6 	
ROV. - t7L ••• OUt-rlFO'. t ••t Ira. VIlE bu., without int.rrupt ••• redI" l1.r.trl(ao) • •••t 'nIS 
aova d2,.10(.0, red led on••rtrolS7 IOIT 1,1 Utility routl... 	 ••i ................•.........~.................................................. add.1 .0U••t ••0 

.ub.b l1,d2~ ••• MODULI: rlPOTsr ou~-rlPO·. t ••t Iroe ¥N! bu•• without Int.rrupt ••• 

~ ....•..............••............•........................................... b.. r.dl.d 

l.a.1 '-.0(pc, ••4 

~ ••• 	 •• b.r out.t,••• DVlllOIIIII"I"c rDDP ......reion. an, 0 ... VIlE-CPU •• b.r .wltch••• 	 •• beq ffbt••• LUlGVAGBa .......1' (Quelo or MIIIIL-CERNl. Poeitlon ind.pend.nt cod••• 
 •••• 	 •• fU.U IIOv• .'1 .be....O••• ...caIPrlC.a Writ...nd ..... the OUt-rlFO'. troe the VIlE bu. tor the •• 
IIOva.b 'unlt.,d2••• .....1' 01 _It....cUi.. 1n the MI. prOlJna. 
1IOY•• b•• 	 "1' ,dJ••• .tope actl..lt, ot the 7R8J2010 with ••oftw.r. r •••t, turn. on ••

••• .u 1". of tlMt Gut-rlPO'•• writ...nd r.ad. the OUt-"JFO·S. •• floop IIOV. 'l,ntr.l,.o, • •••t TIIS 
IIOV. ,4,cad(.0,••• eileen tor .rror•• 	 •• IIOY. noc. cad ,.0, eta FIFO with pul••••• 	 •• IIOV. 14.cadC.0,••• ft. I_Uona Indlc.ted by .<........r. HARDWARE JUIlPER S!LlCTA8L 


••• fte l_tlon. Indicated b, .<••••• det.rain. the contivuratlon •• ROV. ""55.dO t ••t with 0101••• 

••• ot th. bo.nt or ot the .y.t... 	 .. IIOV. dO••lo(.O, Writ. FIFO 

not dO 	 t ••t with 1010•••••• 	 •• IIOV• dO,.loC·O, Writ. FIFO••• III'I'Ilf POI1ft': 	 •• not dO.det fft.t 	 •• ROV. 'O.r.tri(.o, s.t TIIS••• 	 •• IIOV. rdft (.0, ,dl••• IIfI'EIIIAu,r ....1l1li) ftCCBDUItD: •• 	 • ••d FlPO 
ClIp dO,dl 


••• I ........Au,r "'1l1li) .,.AI •• bn. t.rror Cheell tor .rror 

not dO
••• •• ROV. ntft(.O, .d"l • ••d ..IPO
... ~L HOC...... ItD'BItIIICBD: •• ClIp dO,dln.t outcb.out..tg •• bn. '.rror••• n.f ..ltell 	 •• 1••• 1 , ...UPC',.4l ••• 	 •• b.r out.t,••• DT'IMAL laTA 1liI'iIUDIC'ED: 

~.. .ret beae,..lt.,oft..t,r4fl,rstrl,.lo .+ 
•• ROv•• b dJ,d4

b.r outcb
•••••• .,1ItWI II1C'UJD8 rtUlli' " •• 1 
 t ...2(pc',.4
•• It.r out·tt 

.....11'I'iI UUGi. CA'........ (D,Dt'ROIID (P,USERYEO (.,ETURNEO •• fnext add. 1 .ott..t,.o ott••t to next unit 


add.b l1,dJ 
••• 012 '41 • 7 s. hi s. 10 (eca, •• .u.b ll,d2

1l00p••• 	 •• Iter avnCh••• DI 	 •• beq fU.U••• 	 •• n •••• A. 	 •• •a••• 	 ••••••• III'I'Ilf a.Dlft•• ..., .tat. of the nPO·. 	 '.rror 1... 1 ,...,ICpc, ••4 
Iter out.t,z ••• •• 	 ..,..••It dJ,d4I ••• aI,. a.D1ft0i. rIPO'. t ..ted a. cl..ndI on .lIlt. •• 	 Iter outcb 

1••• 1 faagJ(pc) ,.4
•••••• P"""'" ....twa. ....l"OU9h nAC'l. 	 ••••~ 	 Iter out.t,••• 	 •• Wi-. , ....tl; ••• aID......UU.LElla ,.tacll, 	 •• •••• 	 •• faagO dc.b••• IDeAL .UIAetBl 	 • rno t ••t ••• Ar••U the red. led. on?' Uch.r• 
dc.1 tOoo&o404== ••• •••• ,..,1 	 dc.b ~ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 	 • Unit •.c.w t0404 lOT


I ••• ISVl.IOI 818t011. •• t ...2 .c.b • PlfO t ••tad. • 

~ ••• •• 	 dc.1 tODOA0404

••• • ft AUIIIOIl ClWfGES 	 f ...J dc.b • ••••FIfO ...d ERRORS •••• •
••• 	 dc.l ,000A0404

-~---..-------------.-------------- ..••••/2./17 "'0 ..1 ..1 laltlal coding 	 •• •~ ••• H/l./17 111..10 CI'Oaetto ~bel. r ...l.lon .nd aodul.r .tructur. •• .+ .nd .+ 
VII
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ftL ••• UI.. __I. t ..t I .... VIII ........ 
 • .,.,n ·.AIIIII'I'8'r S.... 1.1 utUlt, nuU.... •• ."t.t equ * 
~ ............................................................................. • 6 ••••bf.n for loc.l VD • 


.0•• l1.broa4c+r.trl r •••t .U 'I'ICS" ... .:NlIU.... AIIIIIIII'I' AlII....1. tut Ira. VIII bu.. •• u"a g
~ ............................................................................. 1••• 1 lnbf.nC.'), •• ,IU vlth 

~ .... .. .0•••• '.0,40 10.pac•• ." 
I ••• IIIYIIlOIID'I'. fDDP VIII "olon. an, 61... VIII-CPU •• • nrtv aov. 1S2020, C•• ) • 
o ••• •• .ub•• l1,dO g.nxtvm ••• I.AllGUMZt ......1.1' (Qu.lo 01' .'IIIJL-CDIIJ. Po.ttlon 1nd.pende"t cod••• btl. 
t"" ••• •• aov•• l 1S040.0.0.,C•• ) 

~ ••• DlSCRIPrIGlt ..... Ira. tile WRa ... the dl,ltl... Input ••lu•• of AlII.... •
::r:: ••• lIGdul. lor tile .....1' or unit. apaclU.. 1" the MI.. pr09r... •• ....1" aov••• .unlt.,d2 

~ ••• .~ activit, of tile ""2010 with • aortv.r. I'•••t. 1'.... •• aov•• l ••••,.0 
GO ••• the dI9Itl.....1.... rl'a. tile alii. lIGdul.. .nd 41.,1., th.lr ••1u•••• 1••• 1 4.t••n(.5),a2 .nln 4.ta .rr.y I
..... ••• an the tenlnal. •• 1••• 1 lnbfanC·6),.' Una buff.r 

aov•• 1 • ....,t(pc),(.,)I ••• ••••• ~ locatlona Iftlc.ted " .c••••••• .re HARDNAaZ JUMPER IILlcrA8L ao•• • ....,t·.Cpc) •• C.,) 
~ ••• ~ locatlona Indicated ., ·c••••• 4.t.nlna the co"rlqul'.tlo" •• .nrtt ad4 11,. C.,) unit Jt +1 

1••• 1••• of the ...~ 01' 01 the .,.tea. • • .ea') ••• 
bar t ••t. ...4 I ch.nn.1. 


~ ••• "''f JOIII'I'. •• 1••• 1 lnbf.n(.6), •• 

..., ."t.t out.t,•• "I'.44.1 'offMt••O off••t to next unit"" ... •• 

GO ••• 11I'I'IIIIIAU,'f ..'lnD I'IlOCIDUItU: •• .ub.b 11,42 
..., .ee12 btl. anxtt

••• •••• u"lk a'
••• IIll'l'alllALL'f Da'lnD M'I'A t •• 1••• 1 • ....CJ(pc) .a.
••• •• "I' out·tfJ 
••••..,....u. IIOCI..... DFIItDCID. bar .vltch 

• ref out.tfJ •• h • .nt.t 
••• xrel ..It~ •• rt. 

••• 1Dl'I'IIItIIu. Mya ~t •• t ••u .44.1I •• KI'.f .......It••Olr••t,ratrl••roe4c.cad,.trlr,.I'' •• aov • •• ••••tao,c.lCao) Enabl. I"t.r.l trlCJ • 

\0 ••• 1tOV. .trUCaO) ,40 AID trI"u 
N ••• ~ Saec:un. nLlalt 1tOV••b ,I.dl I Ch."nel.•• 

"xtc" 1tOV • atn(.0,.40 ".4 a d.t.••• 
•• 
•• Ia.. d.t.••• _I........ (a,aGUIID'I' (D'l8ftD'faD (P)RUERVED ca)ftU1UfID aov. 40, (.2, •
•• ••cll to 2 ••cll 


••• o I 2 , • .a hi •• 10 (eca, •• "I'
5 , 7 .ub.b 11,41 
bne ftxten naxt chann.l••• 

D • 
•• 

1tOV. 1a,c.lCaO) • ...t polnt.r••• •• rta

••• a. •• •


••cU 1tOV••• 40,t...."C.,)••• •• .nd ,,0',40 ...k hlCJh bite••• .,.., cr:.Drn.. so .... ..., Oft '1'1'1",1' connector •• ....b ",40 

••• • _1., '-'1"11•• aliI. IIOdul.. te.ted f .... VIII bu. ....1 ••cl• 

••• •• .44•• ','O.dO o to ,•• • ••• low byt.... .....,.. .....1.. 'J'h1'OU9h naca. •• .acl.l 1tOV••b 40,••f.".1(.') 

....b t ...."C.6' ,40 

••• GLDIAL ...rllLlla C.t.ca) •• 1.1' 14,dO ...k low bit. 


CIIp.b ",40 ::••• lOCAL ..alaaLia. (.t.ca, •••• .... 1 ••ch. n 
••1nbl." ~ -1.-12 line "'f'.1' •• add•• '.'0,40 ~ ·.blplMtft ~ 1"'M-2 t ....l'.rr .tt_ •• .echal 1tOV•• b 40,••'."C.') MV. hlCJh byte o 
•••••,." ~ bIpIMtft-2 .eell cord ~tl.1' •• tolh" 1tOV • ••bl.nC.'t.6C••) to lin. buff.r 

8••• •• • 44.1 '6.•• next po.ltlon
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• rt. 

~ ... •• .acla .4d.b 1$31,40 «••• aIV1llG1 .SI'fOI'fI bra ••c1.1e: •• .ech. .44.b 1f:n,40 a
'< ••• ...,. aD'ftIOIt CHAIIGEI •1'. ..chal g.~ ... -------- •• •\0 ••• as,2',ll Deo ..I ..1 Inltl.l codl", •• ..... dc•• fte .U &llNI channel. bay. "" teated. • .2 ch.r. o 

III~ ••• .,,1,,17 ...1'10 eroa.tto Label. revl.lo" .nd aodul.1' .tructuo •• 4c.l 'ODOAO.O.••• •• .....1 4c•• 'Unlt o· 
••• •• •• .nd *+

• ... 
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•• 

- ••• 	 •• 
pl.n 	 66,6,6~ tTL ••• Input/output Drl••r tor CPU-I. of 'orc. Ca.put.r ••• 

_ IOCPUI. I'" 1,1 utillt, zeutl..a •• 
~ •.•......................................•.•.....•.................•......... 

GO ••• mlllQUs IOCPUI. Input/output Drl..r fol' CPU-J. of 'orce C01IpUt.r •• 
~ .......•........•....•................•....•.............................•..• 


••• EIVIJORIRTI POD. VMI ••r.ion. CPU-I. troa 'orc. Co.put.r •• 
••• t.aIIGUua. ......1.1' CQue10 01' .6111J1I-CDII). Po.IUon Ind.pend.nt cod." 

••• ..cal...I.. Input/output Drl••r ,or tbe CPU-I. of 'orc. COIIpUt.r •• 

••• ~l. aDdul. pro¥ld•• the ~ry routin.. to Input charact.r••• 
••• (returna date on aeg. DO) end output cherect.r (••nd. dete fro. 1M)" 
••• tr. the COftaol. S.del port U-212C of CPU-I.. •• 

••• ft. loeetion. Indlceted .., .<....... er. HAlUJWARE JUMPER SELECTABL 

••• ~. locetlon. Indlceted b, .<••••~ d.t....ln. the confl9Uretlon 
••• 	 ot the baerd or of the .,.t... 

••• ......, 10111'1'1 

••• .,.1I1'1'D11ALL' "'1no PROCEDUltBSI 
xde' incb,ont.,
xde' outch,out.t9,otcrl'"a' ....ltor 

••• 11f'I'IIIIALL' .."no MTA II ••• 
~ ••• D'I'IDAL I'IIOCaIUIIa Uf'DlllCaDl 

~ ar.' l1neb' 


••• IrlITIDUIAL MTA Ul'lltlllCBDI 

••• 8'I1'1'III IIIC'U:ID& rluaJ I 

••• _I...... DUGal 

... 
o In •••••• 

trJ ••• Ds 
~ 
~ ••• AI 

I ........., COIIDI1'I.. 

~ ... 
trJ ••• alT COIIDln.1 
r-' ••• 

CA)1tGUIIIII'I' CD,UftORD , • •
2 I 7 

IOU ••• PARAIII'I"IR ....IIICII ftl"OUllh II'I'ACS.=c ••• l1nebf 
~ ... 
GO ••• OlD.... YAIlJAauaJ: Catact) 
~ ... 

••• t.OC:A.L VAIlJAauaJI C.tect, 
...... 
I ... 

CP)BSERVED (.)E'I'UIUfZD 

8. hi 8. 10 (Cat) 

.. 


.... 


..•• 

..•• 

..•• 

C) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
~ ... 	 .. 

~ ••• .avt81. .lltOal. 	 •• 
~ ... 	 .. 

'" ••• aft AV'l'IIOIt CllAllCES 	 •• 
GO ••• -------- ---------------- ------------------------------------- •• 

••• OS/2'/., Sheo .....I Jnltle1 cocllft9
••• 06/U/., 0.1'10 Croeetto tabele rev••lon .nd .aduler .tructur. •• 

•
ecle. 	 .qu tOcDDIO 
• eled 	 .qu acle••2
•
aonltor lrep .u
•
ouht9 	 1ICW••b Ca4).,d. 

ap.b ,.,d4 
beq ort. 
b.r outch 
bre out.teJ

•
outcb 	 bt.t.b Il.ecl•• 

beq outch 
aov•• b d.,ecled 

ort. 	 rt.
• 
otcrlt aov••b 'SOd,d• 

b.r outch 
aov••b I$Oe,d4 
b.r 	 outch 

• 	
rt. 

lnch 	 bt.t.b 'O,ecle. 
beq lnch 

inchI 	 aov•• b acled,dO 
rt•

•ant., bt.t.b 10,.cle.
bne lnchl 
c1r dO 

Inrt. rt•
• 
• 	

and 

.ddra•• of RS-212C hoat Int.rfec. (.tetu.) •• 
eddr... of RS-212C ho.t lnt.rfec. (dete) 

aonltor 	Int.rrupt v.ctor 

out e .trlft9 e. A 

dt a••d 

..t .btu. 

r..d e cher. 
troa k.,boerd 
cluar. ln dO 

l' k., tfPld 
cher. In dO 
.1.. do-o 

~ 

~ 

-o 

t..l 
o 

S' 
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c::. o::s 
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APPENDIX D 

TMS32010 DSP: DOCU~IENTATION
Xl 


)(2 eLKIN 
CLKOUT 

WI 

i51W 

~ 
1m 

....c MIl 

iNf 

q 


An·AO; .... 
DA2·PAO 

+., t jle f U LSI 
4~ 

t ~, 
~ 

\ '\4UX I /"....-
.... e&:.., 

.ifu 1.. .. 
Q 

a :: 
I INST"UCTION-- - ..e lUI

Z- 0 
u ~"'2- CIt- CIt ....OG..AM - ~. I "OM- 1'531. 'It 

"."",. STACK C 

• -- ... '2 

= a ~ 'I - r--,......... ~ 

3 , -- - 0'5·00PAOGRAM IUS ..~-
L 

,t, 
.~ 1-''I'I 

0 
/ 

.~ ;~ 'I 
4~ ~'I 

~ir 
~, 

1 ", 
~t 

'6 ~ . ~,. 
A"O ,'I. : 

,5J 
~. T('I) 

All" 
AI" I' 6a I 'I 

I SNIFTI" MULTI"-'I" - ~ 

/, CO"51 
.....,. 

+ '", P'321 

\!u:J ~ 

t ~ 
~ 32 

, 32 , 
~~, 

\ MUXj 

ADDRESS rzt 
DATA RAM 

\ I I /I' .... 16' 
ALU (321LEGEND: 

.\CC. Acc",,,"ul.tOt OATA ,"32 132 
ARP. Auxd••,., ,.".t., DO'f'tt'ef' 

.\1'0. Auxtl••'v ,.,.,t.t 0 j ~ 
ACC (32' 

AI". Auxd••,v t.,'I,.t 1 

OP • O.t. D.,. DO."t.' 32 . 
..e • ",o"am COunt.' J~' 

~ 

I' • ,. ,.,'1'.' + '32 

T • T '.~IIt.' IHI"," CO. ' ..., 'I, ~ 

.. DATA IUS 'I! 
~, 

/ 
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D.l TMS32010 ilUtructiOll Set SlUIUIUlry 

1 t.. 
• 

,," ° ° 

§ : 1 11 
:I: ..
BJ ••. . 
D ••• 

~ I!· . i ::. .. .. 

,,:If:::::f f1::11 i11-f11:1r 
••00 .. - - __ 0 ° ° _0 00 ° ° ° ° ° 0 -0 0 

11 :: 11 111 1 1 1 :11--- ...... - .... _.. - - -. -
- •• - - - - -+ 
_.,  ........ a-.t- ... ___ " . . -• • ..... j · . - .· . - -.. 

.. .. . - .. ... ... - . . -. -
_.. _........ _.. · . - -..._ •• til' ........ .. .. - -..~. .. 

o - .... • {""'.. - .. e  ........ ~ .. - -. .. . -.. -. 

I,
• 
~ 
I 

i 
i 

. .... . _.. _ ...... -... .. -

....... flit .... _ .. 

: = 1 1 1 1= =1 =1 :1 :1 =1 :1 :1 =1 =1 =i ~ =1:1 :11 111: 1: III 
° w\2 : : -1 °1 1°1: =1 =1 =1 =1 =1 =i =1 =1 =1 =1 : =1 :-1 :°1°1 °1 -\: °1 : °1°1°1 

8;
ii • • • .a: .lI: .lI: .lI: .a: .a: ••• 1.' .1.' .1: 0 01: 0 0 •• 

.. - - - - .- .~ .~ ·V .~ ·W ••• ~ .~ o~ 01 - o. -- --- . .. - 0 ._
&~ : : i : : :: :'1 :11 :11 :'1 :11 :11 :'1 :'1 :'1 :'1 : :'1:: :~t:::: :: ::: 

• too. • • .-. .. - - ... • • .. .. - -. ... ..t....... .. - .....
i ....... -_.. . .. .. . .. .. .. .. ..... _.. .0.""'." ........ .. 

:: - ... _... -. -. -....... -.... -. 0-. -. - ... ... ..... -- .. . .. .. .. 

a .. • - .. -- -. -e •••••• -. -. - ........... -- -e- ...... .. 

, ....... -- -e -e - ••e -. -. -. -e -. - ... -. -- --e ..... ..
.. . .. .. -. -. -. .... .... ....... -. .... -. . -... ...... . • • ••• 

fit fitII . .. .. - -- . .. .. .. .. .. .. .. - .. .. - --- ....... - .... --.. .. .. .. .. -- .. .. .. fit .. .. .. .. .. .. .. -- -ft. .. .. .. .. ..... ---Ii 
I II i•I • 

I 
, I JIIII· I 

fit 

fal I i I 1.1 , I I f ·h !I 
III II .. s , .. , 'I · 'I', fitJIII,1 i {IfI Illlilil

III Itll I •til.'A'At. 1 I. 1. 
..... 

t. 
'" 

i I~ 3 1 IJllllltli!l!lllilIJI11!llv W ..lI·t +hll 
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Table 30: 
D.2 T".,IS32010 Cross- Assembler Directives 

AISoc.UTE ORIGIN AORG 

AORG ,lac••• ".-,. 1ft IN IOClIIOft cown.., ,Nt "'.nel 1ft4 I",cceeo.ng tOC..tOftl .1 .oaolt.ll•. 

Sy,,".: 1CI.""> 1 • AOAG Icw.·••p>1 I <cOf'llfNft.>1 

AlLOCAT...... OIUGlN 

S,,,,..: Ic ..... >1 RQRe IC ••• >I I< COfNMftt > 1 

OORO 

DORa ............ 1ft .... toc..tOft COt.IIft••, IftCI ............ IUCCetHIIII'f IOC...... II ......... MC' 
.tOft. No ...." COM .......... 1ft , Clwmmy MCItOft. 

11ft"': Ie.....>1 <•••> , c COfftil'NM >1 

ILOC& STAIITING WITH '.,MIO&. liS 

1.1 ................... If .,.aen•. IN ....." .." ...1 .......... ........, .. IN "...... ....
...,........ 

II. c ......> le.......>1 


I&.OC& UIDING WITM ,.,MIOL III 


II................. IoClltOft cownt., O. tft4 " ......f .............- ................... ....... 
........... 

s""••: 'e.....>1 IU Cwd·•••> •cc........ >1 

OATA IIGIIIINT 0110' 

DIIG ...... ".... Ift .... toc..1IDft cown........ CIe'''''' ~................................. . 
s.", •• : le..... >1 OSEG Ic COftVMftt > 1 

OATA IIGIIbIT END DUIQ. 

OIND .11......................·'IIOCfI..... COM lay .......V"" 1ft .htlOCallM COUft............. 
IIoICC••CllftlIOCIlION •• .,..,IIIft·"~I"". 

S.,,,••: Ic .....>1 DINO , C COII'IINftt > I 

COM..ON IEGMENT CIIG 

CSla pl'C'1 ........ 1Ift ......C••tOft cown.... IftCICIe'''''' I""CMOtI'IIIOcIl..... II COftVftOft·'.IOC....... 
b .•.• "lOA"'" ..." "IOR' to • C~ """",II. 

S,,,...: Ie .....>' CSIG I' < IUIIftI'>' . Ie CMWMftt > II 

CO....ON IEGMENT IND elND 

CINO .................. CllflMtOft of • OIOck •• c."."...·,......... aCIe O. 0IKIftt • " ..... 1ft ..... lOCI
ttOft cown•• IftCI "''''' IWCCI'*'I " ..tOftl II .,................ 


S."...: Ie.....>' ClND Ie COINN'" > I 

PIIOG..... SIGMINT 

P'S1~,..cn ....... in .... _ ..1IDft coumll 1M ........ MteC....................................... 

S~ P'IIG Icc.-->I.e........ 

"NO....... "..... in .... IOC..., C......... 1M CIe'''''' 1UCC8'*'1 lOcI....... ..,..""............ 

ISiftce NNO ......., ............ 1ft ..,....".·'.IOCAI..... COM............... "" of a..cc..... 

IN.............. uMftIIftgId•• 


S,NfI.: le.....>1 PEND ICC........... >1 


OPTION ............ ,,111Dft......................IIftI .......... 

$y""': 'c..... > I OPTION Ie COINNftI >1 

IDT 

lOT ....... ,.... ..........." ......... .,....... 


S,Ma.: Ie ......>' tOT . < 'If""> . 

1 July 1987CERN-DELPHI 87-70 DAS 58 Page 96 

http:I",cceeo.ng


TMS3201 0 Documentation FDDP users manual 

,AGE TITLE TlTl 

1 July 1987 

•Sy""1 1< lab,1 > I TIll < It""'; >' I < comm.". > I 

MSTA..T SOU"CI LISTING LIST 

LIST UtltO'" """""9 of ......ou,c, h"'''9 
f SV"''': 1< I.MI > I liST , < comme", > I 

.TO' .OUlltCIL••TlNG UNL , 
UNL I'I"tI ..... IOUIC' ""''''1 au'Du' u"... thl occu",ncl of • LIST directive,, 
TSV"''': 1< I.MI > I UNL I.r: commenl > t, 

!toilet 'AGI ,aGI, 
"AGE c..... ,he .... 

, 

"...r 10 COf\I."'" , .... 'DUrc" "'09''"' """" Of\.,.... "II' T .... '.GE ellrec· 
,"'e f' "ot D''''Utei '" , .... 'OUlC' .....,.". bul ,he "". coun'" IftCretneftti. 

, r 
, S,""".: 1< laMI > I '.GE 1 < co",,",,'" > I 

.JilmALlZI .oM) DATA 
t 
~ATA Dilen OM or".... y-'un 1ft ... or more .uccn.... WOfCt. of ................
, 
r $,""".: I < I.MI > I DAT A < taD > I. <.... > I t <COtNfteftt > I, 
~ITIA"'ZI TEXT TEXT, 
1EXT DIK•• one or more CNrKt.,. WI lucce."", ..oreI. of meMOtv,, 
I $v"".: 1< I.MI > I TEXT 1·1' < ",.", > . Ie COftW'l'Mlf't". 
t 

"IFINI AI.IMIL.,·TIME CONITANT IQU 
r 

;'OU ......... v.1ue to • s."'boI. 

! 

,'$.",.. : el.MI> EOU I ecOft"lf'neftt >1 

~XTI"NAL OIFiNITION DI. 

~EF "'_n one 01' mo" ••mbol••..,a...Dle to other ."o,'.ms for 'e''''nc•. 

: Syft".; Ie I.be' > I DEF < Iymbol > I. < IvmboI >, I e co","""",, >, 

~XTI"NAL lIt"llItENCI lit" 

p,£F ..,ov"'n .cce.. to 0,.. or more 'vmbal • 't""td '" other II'OO'''''S. , 
r Sy",..· Ie I.MI > 1 AEF < Syl'ftDOt :> I. < svmOOI > I Ie comme'" > I 

~rCONDA"Y IXTElItNAL lItl""ENCI Slit" 

~AEF D'OVtCln 'CC... to one or ft"IOI'........... O......eI." otne, 11'01""". 

: Iv"".; I e I....> , Iftl' < .Y'"I'IOt ». e .ymbol >I IeCOft'WNftt >I 


LOAD 


~O.D II .tmtl... '0 "E', but 'ne s.mool Clot. not "... '0 M ...... '" lne module cora,..".,.. .... LO.O, 
~"- ............ LQAO ....... De Clef.".. 1ft .orne 0'" 1IIIOCII*t. LOAO••,. u.1eI WIt" 5"1". 

: .......: 'e''''''' LOAG <.ymbOl"•. e ........ ". Icc............. >' 
;,ROCIIIlAM lNO IND 

~"D """'''lItll ,.....~. Tne "s' lOurC......ment of • ..,..... " tne IND eI.,.ctfVI. 

~ $V"tI•. le....>1 END Ie.ymbol>. I < COfl"l"'lftt >I 

~O" .0000Ct Fill COPY 

40pv cI'I.,... tne sourel "'ItU' for 'hi .........,..,. 

COpy <ttl_ ".me> I < comment> I 

·OfFINI MAC"O .........Y 


"'LlI ."OVtCfes t~ "ame 0' .' ...,....., conti."',. mK'O Cleft .... 'IOft•. 
·• SV"' ••: I < 'IMI > I MUI . < Dlth".me > . I e COl'N'ft4lftt ", 
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D.3 TMS32010 Cross Software Support 	 Table 31: 

PROGRAMMABLE PRODUCTS -----iMS3~O FI\MlLY 
llMKED ASSEHIlY VIT" ~ILrJPtE-SOUA£~H8D~ 

SO\.'RC[ 
"'OCULI 

PROtES:OIt 

sr:'1ULATOR 

SOUICE 

MODULl 


~------~~------~~ 

PROGRAMMABLE PRODUCTS-----TMS320 FAPI-L Y 

n.s32010 ...-
CROSS SCFNARE SUPPORT 

HOST OPERATING 
SYSUM 

"ACROASSEftBLERILINKER TI 990/10 OX·l0 
t~'fUIEB 

TI as OXIO/DNOS 
DEC VAX 'mS 
OEC~AX BERKELEY UNIX '.1
DEC VAX BERKELEY UNIX -.2 
la.' UlX fWS/CPIS 
Tt-Pt PIS-DOS 
tl'.pc ItS-DOS 

St"UlATORS ................. 	 DEt VAX YJI'.5 
TI·pc PIS-DOS 
Illf'-pt M·DOS 

SOFTWARE LIBRARy············ 	 DEC VAX v..s 

(COrIT'D) 

~ 
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PROGRAMMABLE PRODUCTS-----TMS320 FAMILY 


THIRD - PARTY SUPPORT ..................... 


PROPOTTQ 
TI'1S32010 
CROSS ASSEMBLER 

Tr1Sl2010 
CReSS ASSEMBLER 

TMS32001 
CRO~S-ASSE~BLER 

Tf1S32010 
SU1ULATOR 

Tf1S32010 
CROSS-ASSEMBLER 
LPC PRGS 

T:1S32010 
CROSS-ASSEMBLER 
TMS32010 rFT PRGS 

llilll!! 
CP/r1-80 SYSTEMS 

MS-DOS 
PC-DOS 

APPLE [I 
CPM-SO 

APPLE II 
CFM-SO 

VAX (VPtS) 

PDP-ll (RT-11) 
TllItIPI PC 

VAX (VMS) 
POP-ll (RT-11 ) 
Tl/IBt1 PC 

DENQMJNAZIONE 
SYSTEM-320 

MAC 320 

.JAS~ 

S320 


DSPS-3 


DSPS-2 


(CONT'D)

"""'"'---------.----"' 

PROGRAMMABLE PRODUCTS 


r::"IPQTTQ 
T"~j32010 

c~OSS-~SSEf1eLER 
~·:H':l.O"~t~ 

T~S32010 
CROSS-ASS. LIN~ER 

TPlS32010 
DEY. HARDWARE 

THS32010 
CROSS-ASS.L WKER 

$KY320 OSP 

THIRD - PARTY SUPPORT (CO"T'D) 
................................. 


$IST£~A 

TEJ(T~0t41CS 8560 
eEC PDP-ll 
VAX (urux) 
soao-zso SYSTC~S 
(CP!III/TURBO-OOS) 

'''TELl.EC rlIiO 
InTEl.l.EC r.OOEL 800 
I~TEu..£C It/ss 
XI-9O/30 

HP6:aOOO LOGIC 
DEVELOPMENT SYSTEM 

DEC POP-It (RT-ll) 

Of :.r;MI r;AZ Jo':r 
PIt ASS. 
r.1S320 S/w 

XI MeRO 
ASSEMBLER 

XI CQRE 
DEYEl.OPi1ENT 

HP64000 ASS/UfK 

SHOS 

PROQUTTORE 
A. ASHLEY 

A. ASHLEY 

CO~'UTALKER 

COMPUTALKER 

DIGITAl 
SIGNAL PROCESSOR 
SOFTWARE IN 

DIGITAl 
SIGNAL PROCESSOR 
SOFTWARE '" 

TMS320 FAMILY 


pp.nOUTTI'I"E 
Ptl f,SSO~ tAT J(\' 

PROCE3S0R 
1"flO'lAT (0;.5 

PRoctSSQR 
trntOVATlorl 

HEWLETT-FAC:~AAD 

SKY CQ.'PuT£R 
INC. 

~--------------~~ 
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ct 

~ 

c.A 
00 
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-
8 

-

~ 
-
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Int"e, ArIthmetic Operatlona 

Svatem Control Operation. 

0pertII0ftInItAIC1IOft 

.....ructiOn OpwenG Slit! ap.etlOl'l 

ADD e. 16.32 

'6 32 

On.IlA.-On 
U.AI.On-lA 

I(AI. ,.... -EA 
A"'.'IAI- All 

AOO]( e. '6. 32 
,. 32 

0.·0•• 1(-0. 
A•• - Affil  .. )\.  A.~ 

eLA a. " 32 O-(A 

CMP i '6 32 

16.32 

o~- lEAl 
IEAI- .... 

A•• + - A.,. + 
Au-lEA, 

OIYS 32- 16 OnIlEAI-Or 
OIYU 32· " OoIlEAI- On 

. 

Exl 1-'6 
16-32 

IOn'a- 0n'6 
! 

IOnI\6 - On12 
MUlS "-16-32 On-tU.I-32 On . 

MUlU 16-'6-32 Oo-'EAI-On 
NEG I. ".32 O-IEAI-EA 

NfGX a 16.32 0- I(AI- It-EA j 

SUB e.16.32 

16.32 

On-lEAl-On 
IEAI- On-(A 
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An-IEA,-An 

SUBI( a. 11.32 011- Oy- x-D. 
A • .-- -Ay.- -X-A•• 

lAS a I(At-O. 1-(A 171 
,--_1S1 a. 'I. 12 .EA.-o 
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L... ....ANO eo ....us 'AfIIOIIO SR 
L... EOA .....us,......EOR. 10 Sill 
LOid ne-r ..... t••" 

MovE uS' 
MOV( EA to Sill 

MOlle uMf '1fC' pon••, 
ORIIO Sill L", OR 10 ""us 'tt'"'' 

.......,..nII GtvCft 

RlE 
Rfsn 

IIl••",n 1,0ft'I ••apltOn 
STO' SloP P'OQIIIft .culon 

"lIP CMnIr.... 
CHit C,*II ' .............." DoundI 

lRA' "".
'tep on ower,,",TAA'V 
S.... IIl...... 
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EOlll'to CtA L", EOA to concfdllOft COdeI 
MOVE EA 10 CClil LOId .... COII6ItOn coda 
MOvE Sill to EA S.......us.

LOOC" Olll 10 COf\dllon codasORttoCCIL . _a .~ -..-
Ie 
CS 

- c.r"i . 
- C.".,..••t IT -lea.Tna.. 

10 -E.... M. - Minu. 
F - ...... , ..... HE - Hoi Equ.1 
GE 
Gf 

-G.............. 
-G..... "*' PL 

, 
- Plul 
-Al••y.,.... 

HI 
Ll 

-...... 
- tMl • 

. 
£que' 

we 
va 

- No aw.fltow 
-o-ttow 

'rogr.m Conlrol Oper.tlon. 
......... 0peraIian 
c..1i·11II 

I,enc;h CQft611ON11ly It. CONIttllOft... I· " ...... ~IIcc 
Dice '''I~. dIc'ement'" IIfll'lCh 16·bll~' 
Sec Sel by.e concIIltOftIIy ..I concItttor'l.1 

........... 1.... 

llilA 
lSI 
JM, 
JSIIl 

IfIftCb 1M....... 1I-bli ~I 
Irll'lC" 10 ....out........ enG ''''''1 .1pIaC.menl ....... 
Jumo 10 ....out" ........ 

"'" illS 
lI."n _ 'n,or. concItllOl'l coOn 

IIl.'Ufn f,om ""OU'1IIe 

tUIIC 

....OTE 
I I .. btl number 

Loglc.' Ope,.lton. 

~ OpwendSile Opwetion 

ANO 

-.. 
I. 16.32 OnA 'EAI-On 

lEAl A On-EA 
'(A•.\ .... - fA 

j 

OR e. '6. 12 On" fEAI-On 
lEAl'll On-EA 

t(AI 'II , ...-(A 

lOll '.16.32 IEaI.Oy-EA 
'EAI.,...-(A 

NOT a. '1.32 -fEAI-EA 
NOll'-....".., 

tori~ 0..... 
0 
." ~ §~ 

~ 
<:::> 

Si' 1eo. q-
t: n.... s·;:a 

{(2 ~ .... Q
~ Co 

<:::> 
<:::>~ <:::> ..

1:1 t:;, 	 .." ~ .."C 
«1 	 ~ 

t;~ S< ~ ttl 
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 ~ 
R'" :::! 
~ c.. 

~ 

a: 
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0\ 
00 

9 
0 

S' 

It::. 
0 
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1'1 .. 

:" t 
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00 

e: 
"< .......nd 101.1. 0pe,.11on1 
-\0 ............ 
 0.-- .........
....a 

As.. 
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lSl 

lS

"01. 

AOA 

aoal 

ao.

I
-o-


Q 
Z " I 

~ 
l; -
.... = 

00 
....a 
I 
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~ 

\A 
00 

I .... » 1-0~ 
I ... » Q; H!:il 
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..... » 
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s.......... __ 
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O- .... otEA 

ICHe; 10 » ....... o' IIAI-Z 
- bI. 0' IIAI  bli 01 IA 

-

lin." Coded Decimal Op.ratlon. 

InIInIc:ticwa o.-.n. ... -~ 
MOVfP "AnI-On 

On- ..AftJ
".3IZ 

MOVfO 
' ••• -On

PfA 3l
• 

IA- -ISPI 
SWAP 3l lMCJI 111-lMC IS 01 
UNlit IAIII-Sp-

ISPI. -An 
"OlES: 

'-IIOWOI - I •• lfIdweel wi'" IWIIdec,......
«I- .llI\Ibon I .......eel WIth tMMIldIcI.....

I I· ... numa..ra ,............... 


InItructiaft 
lJCG 
LEA 

LINK 

Opeqnd Sial 
3IZ 
3l 

-

~"a-..,
(A-Aft 

IAnI- -ISP, 
I$P'-An 

fSPI+~.-Sp
MOVE 

1'--- 

MOYEC 

MOVEM 

•. 11.32.. .(Ab-(Ad 

32 

11.32 

'''III-C. 
lCd-in 

I(AI-Aft. On 
IAft. Ont - fA 

MOVES •. ".32 I(AI-lln 
''''''-(A 

ASC'I REfERENCE TAIlE 

• I.: .. • • • • • ..
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A•• - '0" Ay. - '0'" x- A•• 

! 
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B.2 MC68000 Cross So/twlUe Support 

Most of the software is written in MC68000 Assembly language. The crossassembler used are: 
Lattice, Quelo, MC68mil (CERN). Some routines are forseen to be called also from High Level Lan· 
guaps, in particular RTF, for the physics applications, and "'c'" from Quelo and Lattice, for monitor:
ins and debugging. 

All the code is position indipendent to facilitate future installation in the framework of a Resident 
Operating System with the possibility of using System Calls. 

In Table 33 a typical flow of cross software operations is shown, to go from ditfen:nt source 6les 
to one relocatable object module in Motorola S Format. 

The source code can be in High Level Language or a module in assembly code. The module can 
consist of a set of routines which can either be independently assembled. or included as part of another 
module by commenting a few lines of source code (those indicated with ..,. +.., in the listing, see e.g. 
listing given in Appendix C). 
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