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Section A

General Introduction to
Interrupts
and
Interrupts in Picoblaze



General Introduction

* An interrupt is a signal to the processor from hardware (or software) indicating
an event that needs immediate attention.

Note: Software interrupts are not covered in this course and Picoblaze does not support software interrupts anyways.

* The processor responds by suspending its current activities, saving its state,
and executing a function, called an interrupt service routine(ISR), to deal with
the event.

* This interruption is temporary. After the ISR finishes, the processor resumes
the main program that was interrupted (and temporarily suspended).



General Introduction continued .

You will come across this topic in Eg454L,
EE459L, EE457, EE557, EE560, etc.

In the Intel x86 family, there is a chip, 8259A, a
“Programmable Interrupt Controller” (in short
PIC), which receives multiple interrupts,
prioritizes and conveys a type number to the
processor so that the processor gets to serve
the interrupt quickly without incurring the
latency associated with polling and finding the
cause of interrupt.
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https://en.wikipedia.org/wiki/Intel_8259

General Introduction continued ...

* We will not cover here the advanced features 8259A such as
-- interrupt-masking |
-- edge-sensitive vs. level-sensitive interrupts
-- nested interrupt services among the prioritized interrupts
-- rotating priority among equal-priority requests

8059A
8088

« But we wish to cover here a fabric logic mechanism to
emulate “vectored interrupts” in most processor-based
systems (particularly employed in Real-Time control
systems, for example in autonomous vehicles (self-driving ~ GM’s self-driving car
cars)).
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Interrupts can be useful so KCPSM6 provides 1
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a. ‘interrupt’ input pin,

write strobe |——
read strobe

b. ‘interrupt_ack’ output pin,

k write strobs

c. an ‘interrrupt_vector’ paramete

d. four interrupt related instructions

Interrupt Handling

28000 DISABLE INTEREUPT
28001 ENABLE INTEERUPT
29000 EETUENI DISAEBLE
29001 EETUENI ENABLE

interrupt vector =» X"3FF"

scratch pad memory 3ize => 64




Interrupt Mechanism in PicoBlaze

e An interrupt is used to interrupt the normal program execution sequence
of Picoblaze

e When the ‘interrupt’ input is driven High (‘1’),
it will force Picoblaze to suspend the
code that it is executing, and serve the
interrupting device.

e Picoblaze saves its current
operational state and jumps to execute
a special section of program code known as an Interrupt Service
Routine (ISR).

e Once the interrupt has been serviced, Picoblaze returns to the program
at the point from where it was interrupted and restores the operational
state so that it can resume execution of the program as if nothing had
happened.

e Interrupts provide a way for Picoblaze to react to an event at any time
and gquite independently to the main task being performed.
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Interrupt Vector
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The interrupt vector is the address
that Picoblaze effectively calls

Its default value is 3FF hex.

This can be set to any value within
the range of the program memory
available in your design (obviously
not at 000 hex) (usually towards
the end of the 1K (000-3FF) or 2K
(000-7FF) or 4K (000-FFF).



In Picoblaze, every instruction takes exactly 2 clocks, no more, no less!

Extract from page 40 of KCPSM6_User_Guide_ 30Septl4

‘Open-Loop’ interrupt pulse

kcpsmé
The simplest way of initiating an interrupt is to generate an active High pulse that has a duration of 2 clock — _
cycles. The pulse can be longer but should have returned Low before the ISR completes otherwise : ' — | lnEerrupt
KCPSME will immediate think there is another interrupt to service (remamber that each instruction Neligigigigigh o1k

executes in 2 clock cycles so some ISR's may not take very many clock cycles). Once KCPSME observes
the High level on its interrupt input it will abandon the next instruction and immediately move to the ISR.

The simplicity of the 'opan-loop’ method is obvious but it must also be recognisad that any open loop system has its limitations. In this case there is the
potential for KCPSMG to miss an interrupt request and therefore fail to service it. This could happen if the KCPSMEG program has deliberately disabled
interrupts or is already servicing a previous ISR. KCPSME will also ignore the interrupt input whilst held in sleep mode. Therefore this technique should only
be used if you can predict that KCPSME will always be ready to respond to an interrupt request or if it is acceptable for interrupts to be missed.

‘Closed-Loop’ interrupt (recommended)

In this scheme your design drives the interrupt signal High to request kcpsmé

an interrupt and then keeps driving it High until KCPSME generates an . o

‘interrupt_ack' pulse confirming that it has seen it. This ensures that 1 LoQ interrupt lnterrupt ack
the interrupt will always be observed by KCPSME when it is able to. If . clk

interrupts have been temporarily disabled deliberately, or whilst - E

servicing a previous interrupt, then the response will be delayed but _|_|_|_IJI—I_I_I_ f F

the event can not be missed. Likewise, if KCPSME is held in sleep
maode when the interrupt is requested it will remain active until
KCPSME is allowed to wake up and observe it.




Interrupt Waveforms

e An interruptis performed when the ‘interrupt’ input is driven High (provided, of course, if interrupts have been
enabled by the main program using ENABLE INTERRUPT after RESET and they continue to be enabled)

e When Picoblaze detects an interrupt at the beginning of an instruction, it forces the next instruction
in the program, that was prefetched, t0 be abandoned, preserves its address (the return address) and the
current state of the ‘Z’ and the ‘C’ flags (on the PC stack), and then forces the program counter to
change to the interrupt vector (FFO in the example waveform below)

-.interrupt_vector (12°hFF0),

interrupt /// // ! ; \
<
interrupt_ack !
bram_enable \_/—\_/—\_/—\_/—\_/—\ﬂ
address 50 X 5a1 X 5A2 X 53 X FFO X FF1 X FF2

instruction >< inst 5A0 A inst 05A1 ) inst 5a2 inst 5A3 inst FFO X inst FF1 X
I
I
Z and C flags preserved. Bank selection preserved. ". ;

All will be restored by the RETURNI instruction.

' The last instruction read from program memory before the interrupt takes
place is abandoned. This will be the first instruction executed following a
RETURNI after the interrupt has been serviced.



Page 83 Reproduced on the next page

KCPSM6 User Guide 30Septld INTERRUPT ENABLE IE

< 1

DISABLE INTERRUPT IE

<— 0

Main points:

Interrupts are disabled when you switch on power (on Reset).
The boot up code decides when to turn-on interrupts.

It uses ENABLE INTERRUPT instruction which sets the IE Flag.

Interrupts are disabled before the start of “Critical Code” section,
and are reenabled at the end. Critical code is a piece of code,

when the intervention of an interrupt can have a detrimental affect.

An example IS a code on the Side, producing a precise 6-clocks wide pulse.



ENABLE INTERRUPT  Page 83

DI S ABLE INTERRUPT K CPSM6_User_Guide_305eptld

These mstructions are used to control whan interrupts ana allowed to happan. Following device configuration or the application of a reset to the KCPSME

macro the program starts executing from address zero and interrupts are disabled. Quite simply, this means that a High level on the ‘interrupt’ input will be
igmored. The ENABLE INTERRUPT instruction is used to enable interrupts by setting the interrupt enable flag (IE = 1). Hence this instruction needs to be
Included at a suftable point in your code to activate the 'iInterrupt’ input such that KCPSME will react to an interrupt request. 'EMABLE INTERRUFT' has no
olher effects.

INTERRUPT ENABLE [Ele— -+ [2] Mochange [€] Mo Change

Important — You should mever execute an 'ENABLE INTERRUPT' within your ISR (Le. anywhere between the interrupt vector and the RETURMI instruction).
Onily one interrupt can be sendced at a me and if you re-enable interrupts before the end of the 1SR then there is every Ask that another interrupt may ocour,

The 'DISABLE INTERRUPT' instruction s used to disable interrupts interrupts by clearing the interrupt enabde flag (IE = 0). This would typically be used 1o
temporarity prevent an interrupt from interfering with the execution of a citical secton of code, ‘DISABLE INTERRUPT' has no other effects.

DISABLE INTERRUPT [Efe— o [Z] Nochange [€] NoChange

Hint - It is considered good coding practice if these instructions are only executed when they actually modify the state of the interrupt enable flag. Whilst it
does not cause a problem o execute the Instruction n a way that confirms the state (e.g. using ‘EMABLE INTERRUPT' when IE s already "1') such a coding
style makes il less dear al whal points you in your code intesrupls are enabled and disabled and this can lead to confusion when debugaing in the kong lerm

Examples This section of code is taken from a program at a point when interrupts are enabled and therefore

PEET 56. 02 sulbject to interruption at any time that the interrupt inpat is driven High.
u-ﬂrllﬂsm::r::;mu_l““l;: The state of Bit1 of register 58" is tested, and if it is High, a pulse _l—l_
is ganerated on Bitd of ‘trigger_port’. A pair of LOAD =0, s0°

QUTFUTE 01, trigger port

i B chock cycles
—
LOAD &0, 0

instructons are used to stretch the pulse to be exactly & clock
cycles in duration (3 instructions).

LOAD =0, s0

QUTPUTE 00, trigger port It an interrupl were 1o oceur whilst generaling the pulse then its duralion could be considerably
EHABLE INTEREUPT increassd would hawve besn unacceptable in this example. So to ensure that the pulse would always be
no_pulse: LOAD s3, JUMP Z, G clock cyckes long, interrupts are tamporarily disabled only when the time critical code is executed.

Andther example wodld be to temporarly disable interrupts whist the main progranm resds information from scratch ped memary thal was pul these by a
previces 1SR, This would ensure thal the information read is a complele sel and nol a mixure of the information resulling from 2 segarale inlermugls,

o Conant 20102014 i £ XILINX.
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KCPSM6 User Guide 30Septld4 PC Stack

Main points:

PC Stack (also commonly known as a Program Stack or a Return

Address Stack) is an important part of

(i) the call to and corresponding return from a subroutine ] S—

(if) the program control transfer to and corresponding return from an ISR
ISR = Interrupt Service Routine

Stack is a LIFO (Last-in First-out) data structure.

In the case of a transfer of program control to an ISR, besides the return
address, the flag bits (Z, C, RegBank) are pushed on to and popped
from the stack



RETURNI ENABLE Pﬂge 84

RETURNI DISABLE KCPSMS_User_ Guile_MSepild

When an interrupt ocours the program counter is kaaded with the interrupt wector and the current address (comesponding with the location of the instruction
that is abandoned) is pushad onto the stack. In addition, the states of the camry flag (C), the zero flag (£) and the register bank selection are also pushed onto
the stack and further interrupts automatically disabled (IE = 0).

PG Stack

_I—I kcpsmb Inlerrupd_vector PC
: —— [
—_————— interrupt

B o B

EMects of hardware imlerrepl whin @
inlerrupls are enabled {IE = 1)

Blasiad
‘EBunroutines

REGBANK

The 'RETURMI instruction is similar Lo the uncondilional 'RETURN nsiruclion bul I mush only be wsed to derminate an nterrupd senice rowting (ISR). When
the "RETURNI is executed, the last addrass held on the PC Stack is popped off and loaded direclly o the program counter so that the program resuemes
exacution staring with the instruction that was abandoned when the interrupt occurred. In addition, the RETURMNI restores the values of the carry flag (C). the
zero flag (Z) and the register bank saelection so that they are exactly the same as when the interrupt occurred. Either the 'EMABLE’ or ‘DISABLED operand
must be used to specify if interrupts are 1o be enabled or disabled on return from the ISR

PC Stack

RETURNI ENABLE — pe

[Ee— ! HEEEEEEEEREN

RETURNI NSABLE

[E}e— o ]'Mmml (€]

Subroulings

Conlinued an mnexl page
Faga B4 & Copyright 2010-2014 Xilinx L KI LINKh
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Reproduced on the next page
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Main points:

Please differentiate between RETURN (to return from a subroutine) and RETURNI
(to return from an ISR).

RETURNI pops the flags also besides the return address. Stack should be
balanced.

In execution, each CALL should match with one RETURN (no more, no less).
Similarly, each interrupt should match with one RETURNI at the end of the service
(no more, no less).

Examples of RETURNI ENABLE and RETURNI DISABLE.



RETURNI ENABLE Page 85

RETURNID |SAB = K CPSM6_User Guide 30 Septld

Important 1 — Always terminate an 158 with a 'RETURMI" and always terminate a normal subroutine with ‘RETURN'. The execution of the inappropriate
instruction will result in incomect operation. Obviously that would be bad enough, but combined with the whole concept of interrupts ocourring at any poant in
the exscution of the main code the symptoms of the incomrect operation failure can be subtle and make it extremely difficult o identfy the cawse.

Important @ — Just &3 each 'RETURN' must be executed to correspond with the 'CALL' that invoked & normal subroutine, a "RETURNI must only be executed
o correspond with the interrugt that invoked the 1SR, Your ISR can explolt KCPSME's abdity 1o implement nested subroutines just as they can be usead in any
part af yeas program bad il is vital that each level is invaked and cormpleted in order, The maximum number of kevels is 30 and it should be remembered that
an inberrupd requires one of these levels, ITan nlermupl does resull it a stack overllow then KGPSME will automatically generale an internal resel, Likewise il
RETURMI is usad in a way that results in a stack underflow then KCPSME will also resed fself automabically,

Examples

This simple 15K increments the 16-bit value contained in the regester pair [5F, sE]. This may relale 1o a schema in
which mlermupls occur at regular intervals to provide the basis for a real time clock or imer (i.e. the value held in
|5F.sE] is than used by the main program when required). The ‘RETURMNI ENABLE' instruction terminates the ISR and
enables interrupts ready for the next time.

I58: ADD s5E, 1'd
ADDCY sF, DF4
RETURNI ENABLE

This ISR reads tvo bytes of information fram input poris and stores them in scratch pad memaory. it is reasonabls to

aasurne that this Information relates in some way to the reason for the interrupt and therefore probably repressnts

i - i some important information that had to be captured at that partcular time, 1t can also be imagined that the main

Ciam aTe IARHARSL program needs lo process his specal information in some way with the value "2 loaded into register ‘SE signifying

:!."J." L. . ! an that information has been caplured and slored slaring al localion 24 hex, I can be imagined that the main program
T e B must be given time to process the capdured information so the ‘RETURNI DISABLE' instrection terminatas the 15R

hAnelibipr bk fzhshe) bul prevents a further interrupts ovarwriting the important information bafore it has been used. The main program

wiould use an 'ENABLE INTERRUPT' once it had.

ISR: IMFUT afF, 1lnt_datal
STORE aF, ZA

ISR: LOAD sA (0
CALL motor_drive
RETURNI EHABLE

Provideng all the normal rules of nested subroutines are followed then an ISR can also make use of subroutines,

* motor_drive:; OUTPUT sA, PWHM_valua Hint — Be very caraeful to make sure that no code
QUTFUTE 01, update_strobe executed as par of your ISR procedure contains an
QUTFUTE 00, update_strobe 'ENAEBLE INTERRUPT insiructon,

RETURHN

Faga BS & Copyright 2010-2014 Xilinx i: xl LI NX.
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K CPSM6_User Guide 30 Sepild

‘CALL aaa’ is an unconditional CALL to & subroutine which pushes the current contents of the program counter (PC) onto the stack and loads the PC with the
address defined by the value ‘aaa’. A subroutine should end with a ‘RETURN' instruction which will pop the last pushed address off of the stack, increment it
and load it back inlo the program counter such that the program then executes the instruction following the initial CALL, Please also see he description of
SJUMP asa’ regarding the valid range of ‘aaa’ values and how the assembler i typically used to resobe Their values Tor you,

PG Stack

an
nowscaeas  PE —

CALL aaa I:> |alalajalalalalalalalalal

Mo change to states of flags. Address
E :I.
Subrnutings

Whiis the PC Stack s complelely dedicaled and automalic you ane enlirely responsible Tor making sure that Tor each CALL made to a subroutine you have a
corresponding RETURN. You must also ensure that execution of your program does nof excesd 30 ‘nested’ subroutines but this limit is rarely challenged by
typical programs. Remambar that an intarmupt is a special cass equivalent o a call and will use one leval. If the stack does overflow then KCPSME will
automatically reset.

Example Within some code a CALL is made to & subroutine called ‘inc_count' which contains & 12-instruction

procedure that increments a 32-bit number stored i 4 byles of scratch pad memory. The y lnc count32: FETCH =0,
correspanding RETURN al the end of the subrouling allows the program o continue B FETCH =1,
FETCH 82,
AnD s, 01 FETCH a3,
QUTFUT 8, status ADD =0, 1'd
CRLL 1ln< count32 ADDCY s1, D0
LOAD =0, 38 N T T ADDCY 52, DA
JUHP main_loop --\----\--\--\"'\-\. ADDCY 53, 00
— STCORE 80, counti
"“HH STORE 81, countl
Hint — A subroutine can be lacated anywhere in a program relative to the CALL instrections that invoke i e STORE 82, countl
badt it Is wital that the subroutine |s only execuled as the result of a CALL atherwise their will be no address x“'a____ STORE 23, countl
in the PO stack 1o cormespand with the subsequent RETURM nstruction, ———— RETURH

o 2010.2016 i £ XILINX.
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The 'RETURN’ instruction is used to unconditionally complate a subroutine. The last address pushed on to the PC Stack by the previous call to the subroutine
I popped off the stack, Incremented and |loaded into the program counter. This automatc process ensures that the return B made to the address following
the CALL instruction that initated the subroutine,

PC Stack

=5

: : pC
RETURN i |
J—c—ﬂI:DIIIIIIIIIIIII
e Mo change to stales of Nags
Subraulings

‘Whist the PC Stack is completely dedicated and automatic you are entirely responsible for making sure that each RETURMN is only executed fo complete a
subroutine that was invoked by the comespondimg call instruction. If your code should incorrectly execute a RETURMN that results in atack underflow then
KCPEME will automatically reset. Remember that an interrupt (s a special case equivalent 1o a call and requires a commesponding RETURNI instruction.

Exampla LGAD 59, DO
LOAD 58, 0O
LOAD 51, 30'd
CALL EE‘EI_&E-&C’K
OUTPUT 29, 02 w_
OUTEUT =8, D1 e,

This example illustrates the general arangement in which one part of the program calls & subroutine. In
moat cases line labels are used to make the code easier o write and maintain and the assembler
resolves the aclual addresses,

The subrauting labelled test_stack’ is called from the main program, When this subroutine completes
\\ tha RETURN forces the program counter to the addrass cormesponding with the instruction immediately
following the CALL which in this case is an OUTPUT instruction.

teat atack™ ADD a8, s1 | Whilst this example does show the general amangement it actually describes a rather special case

T ¥ DDy ;g, oa | when we look at the code in detad, In the main program [59,58] has been cleared and then 's1' has been
SUB =1, D1 | loaded with 30 decimal. The les_stack’ subrouine adds the value of ‘81" 1o [$9,58] and then decrements
CALL N, test stack J,." the valus in ‘57", Bul each lime 's1"is nol zero it aclually calls test_stack’ again, Hence this subrauling is
o RETURN o - ) callad 30 imes and evantually [58,58] will be the swm of all vakess from 1 to 30 which is 485 (01D1 hex).
! T T—— When 's1" does reach zaro, KCPSME will executa the RETURM instruction 30 timas undil it evertualhy
returns to the main program. Hence there is no restriction on how subroutines are amanged providing

you do mot excesd 30 levels and every CALL has a corresponding RETURN.
e e ® £ XILINX.




Interrupt Mechanism in PicoBlaze

0
e Closed-Loop interrupt design = kepsmé
. . . . Cause of Interrupt — , i
a. Design drives the interrupt signal 1 boQ interrupt interrupt_ack
High to request an interrupt '

1k
b. Then keeps driving it High until MR T F
Picoblaze generates an
‘interrupt_ack’ pulse confirming that it
has seen it.

e This ensures that the interrupt will always be observed by Picoblaze when it is able to.

e If interrupts have been temporarily disabled deliberately (for example, while executing a critical
section of code), or whilst servicing a previous interrupt, then the response will be delayed but the
event can not be missed.

Note: The OR gate above is the logic
simplification of the recirculating mux
on the side.




Section B

Introduction to
test_nexys3 verilog.v



test_nexys3_verilog.v

The test_nexys3_verilog.v does the following three things.

1. Displays walking LED pattern using a slow_bits pattern

always @ (slow bits) // diveglk[Z26:24]
begin
case (slow bits)
3'b000: walking leds 8'b00000001

2. When one of the 4 push buttons is pressed, the walking LED display is
suspended and a pair of LEDs glows steadily corresponding to the PB pressed.

3. The 8 switches are read. Their true and compliment values are displayed on the 4 SSDs.

Please run through the test_nexys3 verilog.v code once.



Prvoed
Powar Power Select Power

Done
Connectors JTAG
Jack Jumper Good LED ",.p-"" eyl
s 3
£ I
Power k¥ ;
swich > i
1 D5 e ik ) _,__=. ., = o -- i
Adept o L e : 2 - ’
USB Pori ™. | UG I St her B T - ; Jumpar
z ' Reset
Bulton
10100 -
Ethernet - .
ncector
VGEA
Port
T-58Q
Display
USE HID: use
Hiost Port | i T o e i e pe e e o

LEDs Slide switches Push buttons



wire [2:0] slow;bits; // to control walking led pattern
wire [1:0] sev_seqg clk; // to control SSD scanning
reg [27:0]1 divclk;

always @ (posedge board clk, posedge reset) Clock DIVI.SIOn .
begin B Dp Dot Point flashing
if (reset)
divelk <= 0;
else
divclk <= diveclk + 1'bl;

assign Dp = divclk[25]; // The dot point on each SSD flashes
// divclk[25] (~1.5Hz) = (100MHz / 2**26¢)
// count the number of flashes for a minute, you should get about 90

//assign sys clk = divelk[18]1; // a slow clock for use by students' core design
// diveclk[18] (~191Hz) = (1000MHz / 2 **19)
assign sev seg clk = divclk[le:15]1; // 7 segment display scanning 15 completed
// every diveclklle] (~763Hz) = (100MHz / 2 **17)

assign slow bits = diveclk[26:24];



-// 55D (Seven Segment Display) .

Switches to SSDs
reg [-:0] SSD;
wire [-:0] SSD3, SSDZ, SSD1, SsSDO;

assign An0 = ~(~(sev_seqg clk[l]) && ~(sev _seg clk([0]1)); // when sev seqg clk = 00
assign Anl = ~(~(sev _seg clk[l]) && (sev seg clk([C]1)); // when sev seg clk = 01
assign An2 = ~( (sev _seg clk[l]) && ~(sev seg clk[C]1)); // when sev seg clk = 10
assign An3 = ~( (sev _seqg clk[l]) && (sev seqg clk([0])); // when sev seqg clk = 11
assign SSDO = { Sw3, SW2, Swl, Swi};
assign SSD1 = { Sw7, SWE, SW5, swidl;
assign S5DZ = { ~5w3, ~5w2, ~Swl, ~Sw0};
assign S5D3 = { ~5w/, ~5w6, ~Swd, ~Swd};

always @ (sev seg clk, SSDO, SSDl, SsSD2, SSD3)
begin

] case (sev_seqg clk)
2'b00s 85D = S5D0O;
2'p01l: SSD = SSD1;
2'pl0: SS8SD = S5D2;
2'plly 85D = SSD3;

endcase
-end



assign {Ca, Cb, Cc, Cd, Ce, Cf, Cg}l = cathodes; .
=// Hex to SS conversion

// Following 1s Hex-to-SSD conversion.

always @ (SSD)

i begin

case (SSD)
4'p0000: cathodes = 7'bOO0OCOOOL » // O
4'"pb0001: cathodes = 7'bl1001111 ; // 1
4'"p0010: cathodes = 7'bOO0O10010 ; // 2
4'"pb0011: cathodes = 7'bOOOOLIO » // 3
4'"pb0100: cathodes = 7'bl001100 ; // 4
4'"pb0101: cathodes = 7'bO100100 ;» // 5
4'b0110: cathodes = 7'b0100000 ; // €
4'"pb0111: cathodes = 7'LO001111 ; // 7
4'"pbl1000: cathodes = 7'bO00OCO0O0OO » // 8
4'pb1001: cathodes = 7'b0000100 ; // 9
4'"pbl010: cathodes = 7'b0O001000 ; // A
4'pbl011l: cathodes = 7'bl1100000 ;» // b
4'p1100: ecathodes = 7'bOl10001 ; // C
4'"pbl101: cathodes = 7'bl0o00010 ; // d
4'"p1110: ecathodes = 7'bOl10000 ; // E
4'p1111: ecathodes = 7'bOl11000 ; // F
default: cathodes = 7' /) default
- endcase
- end




assign button pressed = BtnlL | BtnU | BtnD | BtnR ; Wa|k|ng LEDsS

assign {Ld7, Ldeé, Ld5, Ld4, Ld3, Ld2, Ldl, LdO} = leds;

assign leds = button pressed ? {BtnL, BtnL, BtnU, BtnU, BtnD, BtnD, BtnR, BLnR}
( divelk[27]1 2 ©'b11111111 : walking leds );

// Notice that when diyclk[27] 1s zero, the slow bits (i.e. diwvgclkl[26:24])

// go through a complete sequence of 000-111.

always @ (slow bits)

begin

case (slow bits)
3'b000: walking leds = 2'b0000000L ;
3'b001l: walking leds = ©'b000000LO ;
3'"b010: walking leds = £'b00000100 ;
3'b011: walking leds = 2'b00001000 ;
3'0100: walking leds = 2'b00010000 ;
3'p101: walking leds = £'b00100000 ;
3‘*11“ walking leds = £'b01000000 ;
5'blll: walking leds = 2'bl0000000 ;
default walking leds = ©'hXHHHEHNY ;

endcase

end



Walking LEDs
divclk[27], divclk[26:24], walking LEDs

divclk[24] S

divclk[25]

divclk[26]

divclk[27] One LED at atime All LEDs are on

assit}n led5.= button_ﬁreméd ? {BtnL; Btni., BtnU, BtnU, BtnD, BtnD, BtnR, BtnR} :
( divelk[27]1 2 : walking leds );



Section C

Relation between the
test _nexys3 verilog.v
and this
Interrupts Lab



=t Pt et b et b b el ek ek b b e ek
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Push Buttons, slow_bits, Walking LEDS

L k2

=] o LN Wb

o o

[

[ U

[0 I =Y

i

wire

assign button pressed =

wire [7=:0]
reg [7=:0]

assign {Ld7,

as=sign leds

/f Hotice

/{ go through a complete

Ld&,

that

/{ Buttons and LEDs

leds;

walking leds;

LdS,

Ld4,

button pressed ?I{BtnL,
( divelk[27] 2

when divelk[27]

button pressed;

BtnL

test_nexys3 verilog.v

| BtnU | BtnD BtnE ;
divclk[27] provides flashing effect
Ld3, Ld2, Ldl, Ld0} = leds;
BtnlL, BtnU, BtnU, EBtnD, BtnD, EBtnRE, BtnR}I:

sequence of

is zero,

the slow bits (1.=.

Lrl Lrl Lrl -

always @
begin

{slow bits)

case (slow bits)

: walking leds
: walking leds
: walking leds
J: walking leds
: walking leds
J: walking leds
: walking leds

: walking leds =

default walking leds =

endcase

sfow_Dbits divclk[26]

end

: walking leds );
divelk[26:24])

24] provided the walking leds effect

Replaced by the Picoblaze




We cause (divclk[23:0] == 24'h000000) condition to interrupt the
Picoblaze.

This interruption occurs at the beginning of each of the eight combinations
of divclk[26:24] and each time, Picoblaze is interrupted, it reads the
divclk[26:24] in an input port called slow_clk, and accordingly sends a
walking LED pattern to the running_led output (an output port).

On being interrupted by the interrupt_pb, the picoblaze reads the four
push buttons (replicated as eight push buttons) in an input port called
pb_input and sends out the same through an output port called
pb_led output.

(BtnL | BtnU | BtnD | Btn_R)|D Q interrupt_pb (divelk[23:0] == 24'h000000) D Q | interrupt_slow_clk

_> CLK —> CLK




Two Input ports and two output ports for the above

{ ,5low _bits}

L

| in_port[7:0]

walking leds

Q[7:0] -

D[7:0]

> CLK

»| 110 Ports out_port[7.0]

I_ / write_strobe
k_write strobe

{BtnL, BtnL, BtnU, BtnU,

read_strobe
BtnD, BtnD, BtnR, BtnR} > push led
port_id[7:0] i
—— I
Q[7:0]

D[7:0]

> CLK

7




.// Following 1s Hex-to-SSD conversion.

Hexto 7-seg
conversion remains
In the fabric logic

always @ (55D)

begin

case (55D)
r cathodes

: cathodes
: cathodes
: cathodes
: cathodes
: cathodes
: cathodes
: cathodes
: cathodes
: cathodes
: cathodes
: cathodes
: cathodes
: cathodes
: cathodes

default:

endcase

end

r cathodes

cathodes

test_nexys3 verilog.v

Ay
A
ol
;S
Ay
A
ol
;S
Ay
A
ol
;S
Ay
A
ol
;S
Ay

b= I B w S I, SO S § [T S % N N6 T =

fomt
L=

e ca I S PR

defanlt



Displaying Switch data on the 4 SSDS  test_nexys3_verilog.v

assign sev seg clk = divclk[lc:15]1;

182 T// SSD (Seven Segment Display)

183

184 reg [Z:0] SSD;

185 wire [2:0] SSD3, SSD2, S5D1, SSDO;

186

187 assign An0 = ~(~(sev _seg clk[l]) && ~(sev _seqg clk[0]));

188 assign Anl = ~(~(s5ev_seqg clkl[l]) && (sev_seqg clk[0U])):

189 assign An2 = ~( (sev _seg clk[l]) && ~(sev_seqg clk[0]));

130 assign An3 = ~( (sev_seqg clkl[l]) && (sev_seqg clk[0])):

191

192 assign SSDO = { Sw3, SWZ2, Swl, Swi};

193 assign SsSD1 =) { sw7, SWE, SwW5, Swd}; . .

194  assign SSD2 =| { ~Sw3, ~Sw2, ~Swl, ~Sw0}s Picoblaze reads these switches

B occion SSD3 AU oS, -Swe, -Sws, cSwil: through an input port and returns
20

197 always @ (sev_seg clk, SSDO, SSD1, SSD2, SSD3) them through an output port

198 ibegin

199 o case (sev_seg clk)

200 1 S5D = S5DO0;

201 : 55D = 55D1;

202 : S5D = S55D2;

203 : 55D = 55D3;

20 = endcase

205 lLend




One input port and one output port for the switches

switch to SSD
{Swl, Swé, Swh, Swi,
Q[?:O]—|

Sw3, Sw2, Swl, Sw0} | | F .
in_port[7:0] [0 pors out_port{7:0] . Qﬁ D[7:0]
write_strobe > CLK

.
»

k_write strobe

read_strobe

— port id(7:0]
—

(sw_data != switch_to_SSD)

—>eax

interrupt_sw




Three interrupt requests are generated and held in interrupt-request registers (FFs).
An OR gate combines the requests into one and conveys it to the interrupt input pin

of the Picoblaze.

(BtnL | BtnU | BtnD | BtnR)[

— >k

(sw_data != switch_to_SSD)

interrupt_pb

(divclk[23:0] == 24'h000000)

Q
>cLk

interrupt_sw

— >k

interrupt_slow_clk

Generating an interrupt request common to the three requests via an OR gate

interrupt_pb
interrupt_sw

Interrupt_slow ClK  m—

kcpsmb Picn‘a.la.y

- Ll - — -
interrupt acl

X

Co \\h-LOEM



Section D

How does Picoblaze determine cause of
the interrupt and how does it render the
needed service?

1. Through polling in ISR, 2. Through
prioritization logic in fabric logic



Goals of this Lab

To design and demonstrate Interrupt servicing by polling using Picoblaze and
testit on NEXYS 3 board. This is Part 1 of the lab with “_Polling” in the name
of the source files.

To design and demonstrate Interrupt servicing by “priority encoding in fabric
logic” such that Picoblaze does not have to identify the cause of the Interrupt
requestor by polling. The Interrupt Latency (the delay in starting the needed
service) is reduced. This is Part 2 of the lab with * no_Polling” in the name of
the source files.

To understand interrupts, write Interrupt Service Routine (ISR) in Assembly

language, and design fabric logic to complete an interrupt-based service
system.



Section D Part 1

Here Picoblaze determines cause of the
Interrupt through polling in ISR.

Depending on the cause It jJumps to a
section of the service routine to render
the service.



Polling Interrupt requestors (part 1 of the lab)

* When the Interrupt is driven High, the Picoblaze does not know who caused the
interrupt. In the fabric logic in the TOP design, we can arrange, several single-bit
registers (FFs, one for each cause). Picoblaze can read all of these together
(concatenated together to form one 8-bit input port) at the beginning of the ISR.

* Inthe ISR in the .psm file, you poll to see which one of the requestors caused the
interrupt (if multiple interrupt-requesting devices are present) (in our lab we have three requests).

« After determining the interrupt cause through polling, you jump to that particular section
of ISR, provide the needed service, and finally return to the main program (using usually
RETURNI ENABLE).



Four Input ports {5'b00000,slow_bits} ——| Jo

{BtnL, BtnL, BtnU, BtnU, oot
BtnD, BtnD, BInR, BtnR} — | L n_po

{Sw7, Swe, Swb, Sw4, 1 T
Sw3, Sw2, Sw1, Swo} -

| > {5'b00000, interrupt_slow_clk, — T So
interrupt_pb, interrupt_sw } -3 St
always @ (¥*) |
‘begin port_id[1:0]
H case (port id[1:0])
2'p00 : in port <= {5'b00000,slow bits};

'b01 : in port <= {BtnL, BtnL, BtnU, BtnU, BtnD, BtnD, BtnR, BtnR};
2'hb10 : in port <= {Sw7, Swé6, Swb5, Sw4, Sw3, SwZ, Swl, Sw0};
2'p11 : in port <= {5'b00000, interrupt slow clk, interrupt pb, interrupt sw };
endcase

~end



Main Program running on Picoblaze

ATEEEEETEEETETEEEETELEEETELEEELEEEEE"

Here, the main program is nothing but waiting for ’ |
;MATN PROGEAM

interrupts to occur in an infinite loop. FEEREXEXIXEXAAEREREREIXEIARIS
: . . start:
This may be a common practice in many LORD 50, 00
processor-based control systems, where the LORD Sér gé
. . LOAD s2,

processor basically waits for an event to occur to serve. LORD s4, 04
ENABLE INTEERUPT

In our main program, we initialized s0, s1, s2, and exit: JUMP exit

s4 registers with suitable constants so that we can

use them in ISR, to produce the three acknowledge

pulses, via bits of the interrupt_acknowledged register.

OUTPUT 50, interrupt acknowledged ; <—__| Find out why you need this line

in the Main program then?




It iIs not right to use an asynchronous clear or set on
FFs except for initialization during power-on reset

‘ kcpsmé
Page 43 interrupt interrupt ackp—

KCPSM6_User Guide 30Sept14 o |—V clk

Glitches? No, but ..

If the highlighted line is a control signal produced by a combinational logic such as
OFL, it is very likely to have glitches, and then the above design would be a major
blunder. Even though the interrupt_ack pulse is a clean (glitch-free) pulse here, the
above design is still discouraged as it is a violation of DFT (pesign for Testability taught in EE680).

So we will use EYRCAIONOUSICIEaNNG of the three interrupt request FFs in our design.



Generating Interrupt
Requests in Fabric Logic

(BtnL | BinU | BtnD | BtnR)

(sw_data I= switch_to_SSD)

divck[23:0] == 24'h000000

interrupt_pb

D QI

> el
12

—— Y
(interrupt_acknowledged == 8'b00000001)

interrupt_sw

b Q=

> ClLic
12

L vesel
(interrupt_acknowledged == 8'b00000010)

interrupt_slow_clk

D QI

> ClLi
=
| E— VY

(interrupt_acknowledged == 8'b00000100)




The logic in the above page can be drawn more elegantly as derived below.

ﬁ kcpsmé
interrupt interrupt_ack

clk

b f

always @(posedge clk)// we should avoid all asynchronous actions during normal operation
if (C1) FF <= 0; // should clear synchronously // Interrupt Acknowledged
else 1Tt (C2) FF <= 1; // should set // Short-lived Interrupt Request was made

else FF <= FF; // should remain stay put // this statement can be avoided as it is implicit in Verilog coding

1\4:’ o D 91?‘: ca -*—g)’FD*D Q'LFF
— U 7

Ca CI T> 73\11\?1.- &ca}:m

cLR

Logic on the last page was drawn "not-so-thoughtfully" :(
It appears that | have started with a recirculating mux on the
FF and built the logic around that!




if (interrupt acknowledged == £'b000CO0COL) // Indicates Push Button Interrupt was acknowledged by PicoBlaze
begin
interrupt pb <= 1'b0; // Synchronous reset H1thefabﬂc|ogk:
end
else if (Btnl | BtnU | BtnD | BtnR) //Push Button Interrupt Condition
begin Extract from
interrupt pb <= 1'bl; interrupt_polling_picoblaze.v
end
[ [=========
if (interrupt acknowledged == 8'b00000010)// Indicates Switch Interrupt was acknowledged by PicoBlaze
begin
interrupt sw <= 1'b0; // Synchronous reset
end
else if(sw data != switch to SSD) //Set interrupt sw if the current Switch Data is different from the output
begin
interrupt sw <= 1'bl;
end
e ——
if (interrupt acknowledged == 8'b00000100)// Indicates Wlaking LED Interrupt was acknowledged by PicoBlaze
begin
interrupt slow clk <= 1'b0; // Synchronous reset
end
else if(divclk[23:0] == 24'h000000) //Walking LED Interrupt Condition Check
begin
interrupt slow clk <= 1'bl;
end



Generating an interrupt request common to the three requests via an OR gate
kcpsméb pim‘n.lﬂ.}g

interrupt_pb
interrupt_sw interrupt 1nterr:p‘:_an:k - No QE
ConnechoV)

int t sl Ik .
interrupt_slow_clK o clk

//Set interrupt signal to 1 if any one ore more of the Interrupt conditions are satisfied

assign interrupt = ((interrupt sw == 1'bl) || (interrupt pb == 1'bl) || (interrupt slow clk == 1'bl));

Generating individual interrupt acknowledge pulses

; Acknowledge the Push Button Interrupt

OUTPUT s1, interrupt_acknowledged; - termuot. acknowledaed
OUTPUT s0O, interrupt _acknowledged; ! s al- Pl g
out port -
(port_id[2:0] == 3'b011) —PeLe

(write_strobe == 1'b1)



walking_leds

D Q=

Four Output ports ut port

3
(port_id[2:0] == 3'b000)
(k_write_strobe == 1'b1)

—PeLe

OUTPUTK |10000000"b, running_led_output ;
;LED Pattern * - - - - - - -

INPUT sB, pb_input ; out port E‘

OUTPUT sB, pb_led output; (port_id[2:0] == 3'b001)

(write_strobe == 1'b1)

! push_led
D Q=

—PeLc

switch_to_SSD

INPUT sC, Switch Data_lInput; out port * b Qr-

OUTPUT sC, Switch_Data_SSD_Output; (port_id[2:0] == 3'b010)

(write_strobe == 1'b1)

—PeLe

l interrupt_acknowledged
b Q= t
> C L

Data

OUTPUT sl1, interrupt_acknowledged; m=) out port ©
OUTPUT sO, interrupt_acknowledged; mm) (port_id[2:0] == 3b011)

(write_strobe == 1'b1)

Data Address



OUTPUT and OUTPUTK Iinstructions

OUTPUT sX, pp Page 74
OUTPUT SX, (SY) K(Tmlﬁ_:.rm_cﬁe 30 Sep t14

Constant-Optimised Output Ports Pﬂge 75-78
OUTPUTK kk, P KCPSM6_User Cuide 0 Sepild

All Picoblaze instructions are 18-bits long (no more, no less).

OUTPUT sX, pp OUTPUTK kk, p
b 4 8 6-biC 8 (
%PCOJ,. OPC"A’~ ‘

To facilitate specifying an 8-bit constant directly as data (to be sent out through the output port),
the port _ID field in the OUTPUTK was reduced from 8 bits (pp) to 4 bits (p).



Section D Part 2

Here fabric logic prioritizes the prevailing
Interrupt requests and on behalf of the highest
prevailing request, it fills a jump address in a
register called
“Interrupt_cause_jump_address”.

The ISR simply reads this and jumps to It.



Interrupt without Polling (Part 2 of the lab)

* When the Interrupt is driven High, the Picoblaze does not know who caused the interrupt. Polling
mechanism can take substantial time if there are many interrupting devices. The latency caused may be
undesirable or unacceptable.

« The top design in the fabric logic can deposit the exact jump address corresponding to the highest
priority request currently prevailing in a register called say “interrupt_cause_jump_address”.

* Inthe first few lines of the ISR (in the .psm file), you can read this “interrupt_cause jump_address”
through an input port (into say sY register) and make a jump to this address indirectly using the
Jump to an Indirect Address instruction
JUMP@ (sX, sY)

«  We use the ADDRESS directive to place sections of the ISR routines in such a way that the Picoblaze
directly jumps to the start of the required section (without polling to see who caused the interrupt).



Lines from prom_interrupt_no_polling_picoblaze.psm

;:i.':t"k:i."k'k:'c'k:i.':t'k:i."k'k:l"k:i.':t'k:i."k'k:l"kti******ti******ti******

;Interrupt Vector

;t***:k*:l"kt***:k*:l"kt***:k*:l"kt*******t*******t*******

ISR:

ISR _PB:

ADDEESS 3A0

LoaD [sH,

ADDRESS]
OUTPUT
OUTPUT

03
interrupt cause jump address|
SA

51, interrupt acknowledged
50, interrupt acknowledged

INPUT sB, pb input
OUTPUT sB, pb led output
RETURNI ENABLE

ADDRESS 3A0

ADDRESS 3B0

ADDRESS 3CO0

ADDRESS 3D0



JUMP@ (sX, sY) Indirect Jump _I""‘_geﬂg_? |

The JUMP@ (sX, sY)' is an unconditional JUMP which forces the program

counter (PC) to the address defined by the contents of the 'sX’ and 'sY’ registers.

sX

sY

PC
JUMP@ (sX,sY) [ [T TT11

No change to states of flags.




JUMP@ (sX, sY) Page 89

KCPSM6 User Guide 30Septl4

The "JLUMPER (5X, 8¥) is an uncondilional JUMP which forces the progeam counter (PC) 1o the address defined by the conlents of the 'sX and 8Y" regesters,

sX PC
(ITT o wweexsn —>  [EEEECTTTTTTT]

&Y
L

Mo change to states of flags.

The 12-bit address is formed of the lower 4-bits of the 'sX’ register and all 8-bits of the ‘s’ register. The upper 4-bits of 'sX' are ignored and the contents of
bath registers are unaffectad by the aperation. There is no restriction on which registers can be wsed but it would b= commaon coding practice to assign an
adjacent pair such as 'sB' and 'sA,

Bince the desfination address is defined by the contents of the registers this s powerful instruction but also has the polential fo be dangerows! You are
entirely rasponsible for writing a program in which the computed address presented by the pair of registers commesponds with a valid location within your
physical program space. The KCPSME assembler can do nothing to prevent you computing an inapproprigte address but it does provide a mechanism to
enable you to determine the addresses associated with line labels &3 ghown in the following example.

Example This example assumes that 8 user selects an option from a menu by providing a numerical ASCI| charactar in the

range “1" to "4" (this range could easlly be extended). The program reads this character, convers It to & value In ,:I:,rﬂ'gl.::n; j:_“'ff- dee_paat
Irve rargpe 0 to 3 and then jumps o the appropriate routing of ‘chaice’, I:‘.::J.:E L 1
i , nzn
Without the "JUMPE" instruction the menu would be implemantad by a JME 2, choica?
LOAD 5B, mena'upper saquential series of compare and jumps (as shown on the right) which does AN Cab PR
TN o e not scake very well but is suitable when there is 8 small number of choices. _fm;;é o “;3'
INFUT 20, selection port Using the "JUMPE' can help when there are lots of cholees and also means e B Eee
SUB an, "17 that the execulicn time is the same regardless of the selection being made.,
ADD s, =0 The KCPSME assembler provides 'upper and 'lower atiributes that can be used with labels to define the B-
ADDCY =B, DO bit constants to be loaded into the registers. These abstracts of the LOG file show how the upper and lower
JUMER (sE, sA) parts of the address are resolved nlo 'kk' values,
menu: JUMEF cholcel Ted4  D1BOT LORD sE, 97 [menu'upper])
JUMF cholced Hint - The 'upper and 'lower atinibutes can also be TBS D1AEB LOAD 3k, BB[menu'lower)
JUME choiced Used to derive 'kk’ walues for use in other instructions
JUME choiced Such as ‘ADD X, kk or 'COMPARE sX, kk'.

TEE Z2BE2 meau: JOMP 862 [choicel]

Page &3 B Cupmht H010-2014 Kilinx i: XILI NX|



What if we change the order of the top 3 “if” statements?

Later assignments override earlier assignments!
And what if we swap the positions of the

Lines from the TOP design in the fabric logic (interrupt_no_polling_picoblaze.v) ~ Note

| if(Btnl | BtnU | BtnD | BtnR) //Push Button Interrupt Condition 8’hBO
begin
interrupt_pk <= 1'bl: L=
interrupt cause jump address <=|Z'hBEC0;| //I5E for Push Button Interrupt starts at 0x3C0
end
~ Note
if (sw_data '= switch_to S55D) //5et interrupt sw if the current Switch Data is different fronm 8,hCO
begin
interrupt_sw <= 1'bl; ¢
interrupt cause jump address <= Z'hC0jQ “//I5E for Switch Data Interrupt 3tarts at 0x3BO
end ote
8'hDO0
if(divelk[23:0] == 24"hO00O000) //Walking LED Interrupt Condition Check
begin

interrupt slow clk <= 1'k1;
interrupt cause jump address <=

E fiHalking LED Interrupt starts at 0x3D0
end

/f clear the interrupt pb or interrupt_sw or interrupt slow_clk based on the interrupt_acknc

if {(interrupt_acknowledged = Z'LOOOOOOOL) ff Indicates Push Button Interrupt was acknowled
begin

interrupt_ph <= 1'b0;
end
else if (interrupt_acknowledged = &'L000000L0) f/ Indicates 3witch Interrupt was acknowledge
bkegin

interrupt_sw <= 1'b0;
end
else if (interrupt_acknowledged = &'L00000LI00) f/ Indicates Walking LED Interrupt was acknow
bkegin

interrupt_slow_clk <= 1'k:0;
end

top three “ifs” with the bottom three “ifs"?




Requests in Fabric Logic

Generating Interrupt

Poct -
(BtnL | BtnU | BtnD | BtnR) interrupt_pb ' .
g Paxrtd )

E> pe

C-LK L ves u.b
(interrupt_acknowledged == 8'b00000001)

interrupt_sw

(sw_data I= switch_to_SSD)

b QI

>l
2
 resed

interrupt_acknowledged == 8'b00000010
LN

divlk[23:0] == 24'h000000 interrupt_slow_clk

D Qf—

> clLie
e
| E—YY o

(interrupt_acknowledged == 8'b00000100)




kcpsmb6 P;
interrupt_pb P tc.o‘ala.a:,g ?curt 2.

interrupt_sw M interrupt lntérr'_:pt_ack—No

cmmu‘jfdﬂ '&t%u«w

5

terrupt slow clk ——— p clk

Sorma & N Kot 4

Onlj " Pa_v* Q_

L interrupt_cause_jump_address

b Q@
8'hBO ey g BO = 1011 0000
s CO =1100_0000
DO = 1101_0000
(BtnL | BtnU | BInD | BtnR)
order of muxes |:> Can you reduce the size of the muxes
: .. (sw_data 1= switch_to_SSD) and the register from 8 bits to 4 bits?
Indicates priority

Can you further reduce them to

divdk[23:0] == 24'h000000




Section E

ISR part of Walking LEDs pattern generation
A different method of coding using
an indirect jump instruction

JUMP@ (sX, sY) Indirect Jump P"‘ge?? _




CONSTANT slow clk, 00 ;7 port00 used for loading info of slow clk
INPUT sD, slow clk

assign slow bits = divclk[2c:24];
Four |npUt ports |:> {5'b00000,slow_bits} —— ID

{BtnL, BtnL, BtnU, BtnU, .
BtnD, BtnD, BtnR, BthR} — | L1 In_po

{Sw7, Swé, Sw5, Sw4, _1 T
Sw3, Sw2, Sw1, Swo} -
{5'b00000, interrupt_slow_clk, ——~—_ T So
interrupt_pb, interrupt_sw } -3 St
always @ (¥*) - — |
Tbegin port_id[1:0]

| case (port id[1:0])

: in port <= { ;slow bits};

: in port <= {BtnL, BtnL, BtnU, BtnU, BtnD, BtnD, BtnR, BtnR};
: in port <= {Sw/, Swét, Swb, Sw4, Sw3, Sw2, Swl, SwO};

: in port <= { ; interrupt slow clk, interrupt pb, interrupt sw };
endcase

~end



Extract from prom_interrupt_polling_picoblaze.psm

SomppAare Sevenc

rompare six:

rompare five:

rompare four:

corpare _three:

IOmpare two:

IONpPAre_One:

IOmMpare Zero:

INPUT sD, slow_clk

COMPRRE sD, 07
JUHE N2

, Ccompare six

OUTPUTE 10000000'k, running led cutput

RETURNI ENABLE

COMPRRE sD, 0%
JUMP NZ

, compare fiwve

OUTPUTE 01000000'k, running led output

RETURNI ENRELE

COMPRRE sD, 05

JUMP NZ, compare four
OUTPUTE 00100000'k, running led cutput

RETURNI ENABLE

COMPRRE sD, 04
JUHP N2

, Ccompare_three

CUTPUTE 00010000'k, running led cutput

RETURNI ENARBLE

COMPRARE sD, 03
JUHME N2

, COmpare two

CUTFUTE 00001000'k, running led cutput

RETURNI ENRELE

COMPRRE sD, 02
JUMP NZ

, CONpare one

OUTPUTE 00000100'k, running led cutput

RETURNI ENRELE

COMPRRE sD, 01

JUMP NZ, compare zmerc
OUTPUTE 00000010'b, running led ocutput

RETURNI ENAELE

s COMPRRE sD, 00
;JUME MZ, exit

well this is the last choice
it is wrong to go back to the main program improperly,

CUTPFUTE 00000001'k, running led ocutput

RETURNI ENABLE

LED

LED

LED

LED

LED

LED

LED

LED Pattern — -

Pattern

Pattern

Pattern

Pattern

Dattern

Pattern

Pattern

&

¥



Overhead control lines
These can be avoided
by using the

indirect jump instruction.

compare six: COMPARE sD, 0Ot

JUMP NZ, compare five
OUTPUTK 01000000'b, running led output
RETURNI ENABLE

Since the remaining are just two instructions
(and no more no less) , we can do an indirect jump
based on SD, if slow bits read into SD are thoughtfully arranged.



f/ "k write strobe' is used to qualify all writes to general output ports.

if (k write strobese == 1'El)
begin
// Write to output port at port address 001 binary
if (port_id[2:0] == 2'b000)
begin
Iwalking_led5|{= out port;
snd walking led
{5b00000,slow_bits} ——| To - I
. . 01000000"b, Q[7O]
G by g [ P70 o ponts. |0 D F D[7:0]
{Sw7, Swe, Swb, Sw4, _| Ta write strobe
Sw3, Sw2, Sw1, Sw0} — P — > CLK
oot S B OO T g|° k_write_strobe
-
port_id[1:0] nEad_SUDDE
— port_id[7:0]
,. [00

INPUT sD, slow clk 00

CONSTANT |slow_clk, 00 | ; port00 used for loading info of slow clk
CONSTANT |running led output, oo | ; poxrt00 used for outputting running led info to LEDs
OUTPUTKIDIGQGDDD'bJ running led output ; LED Pattern — * - - — - — —

\

OUTPUTK means use the k_write_strobe



CONSTANT slow clk, 00 ;7 port00 used for loading info of slow clk
INPUT sD, slow clk
ﬁ assign slow bits = divclk[26:24];

Port address 00 8 combinations
===» 8 LED patterns representing
the walking LED pattern

Port data {5’b00000,slow_bits}

|:> {5'00000,slow_bits} = Ig

Does any of the following choices for the data read into the sD register of the Picoblaze facilitate an
indirect jump using jump @(sX,sY) to go to the exact pair of instructions among the 8 pairs of instructions?

Consider
{4’b0000,slow_bits,1'b0}====) [s it better to have {4'b1111,slow bits,1'b0} | LOAD  sE, 03

o Then the 8 combinations are INPUT sD, slow_clk
{3'b000,slow_bits,2'b00} FO.F2. F4. F6. F8. FA. FC. FE JUMB@ (SE. SD)




compare Zerol

compare one:

compare two:

compare three:

compare four:

compare five:

compare Six:

compare Seven:

ADDEESS

3F0

G- b\

OUTPUT DDDDDDDl b

EETUENT

OUTPUTK
EETUENI

OUTPUTK
EETUENT

OUTPUTK
EETUENI

OUTPUTK
EETUENT

OUTPUTK
EETUENI

OUTPUTK
EETUENT

OUTPUTK
EETUENI

R ANY —
0000 'Y

runnlng led outpu

ENEBLEQO‘?\t tq-bd’ SO

00000010'b,

ENAEBLE

00000100'Db,

ENAELE

00001000'b,

ENAEBLE

00010000'Db,

ENAELE

00100000'b,

ENAEBLE

01000000'Db,

ENAELE

10000000'b,

ENAEBLE

running led output

running led output

running led output

running led output

running led output

running led output

running led output

Line numbe
-'qun;>lﬂ§3*2&bﬁﬁ

aro

3F2

3y

3F6

3F&

3FA

SFE

r

LED

LED

LED

LED

LED

LED

LED

LED

Pattern

Pattern

Pattern

Pattern

Pattern

Pattern

Pattern

v - - - - - -



Section F

Priority among interrupts
No nested priority here
So, only fixed priority?
No rotating priority?
Can a higher priority requestor mask or
starve a lower priority requestor?



5x2 = 10 bit files were provided for you to tryout

Like in the GCD lab and other labs, the TA’s .bit files will have the DOT points

in SSDs flashing. assign Dp =

divclk[25];

But in students-completed designs, the dot points should be turned off.

Frankly, you will not be able to tell the difference between the polling and _no_polling when you tryout, as latency reduction
in the case of _no_polling is too small for human detection. One needs to use a chipscope (an on-chip logic analyzer) to discern.

LX16

test nexys3 Verilog LX16.v

Normal Priority (PBLP)
interrupt_polling_picoblaze PBLP_TAs_LX16.bit
interrupt_no_polling_picoblaze PBLP_TAs_LX16.bit

PB Highest Priority (PBHP)
interrupt_polling_picoblaze PBHP_TAs_LX16.bit
interrupt_no_polling_picoblaze PBHP_TAs_LX16.bit

L X45

test_nexys3 Verilog_LX45.v

Normal Priority (PBLP)
interrupt_polling_picoblaze _PBLP_TAs_LX45.bit
interrupt_no_polling_picoblaze _PBLP_TAs_LX45.bit

PB Highest Priority (PBHP)
interrupt_polling_picoblaze_ PBHP_TAs_LX45.bit
interrupt_no_polling_picoblaze_ PBHP_TAs_LX45.bit



Normal Priority (PBLP) and PB Highest Priority (PBHP)

In this lab, we have three interrupts. What happens if all of them or two of them
go active together (simultaneously)?

if(BtnL | BtnU | BtnD | BtnR) interrupt_pb <= 1"bl;
if(sw_data '= switch_to SSD) interrupt_sw <= 1"bl;
if(divclk[23:0] == 24"h000000) interrupt_slow _clk <= 17b1;

Notice that only the interrupt_pb Can last long (as long as one or more push buttons
are pressed). (divclk[23:0] == 24-hoooooo) 1S active for one clock at a time. (sw_data 1=
switch_to_ssp) IS active for a very short time (time it takes to recognize the interrupt
and to serve him) which may of the order of 20 to 30 clocks. So, for a human to
notice, a higher priority request should be continuously on and be starving the
lower priority requestor.

By design, we override and halt the display of walking LEDs pattern, when one
or more push buttons are pressed. SO interrupt_pb WINS OVET interrupt_slow_clk
anyways! So, the competition is between the interrupt_po and the interrupt_sw.



Normal Priority (PBLP) and PB Highest Priority (PBHP) continued ..

So, for this lab, if we make the interrupt_pb the lowest priority interrupt (PBLP),
both interrupt _pb and interrupt_sw seem to work together with neither
seemingly overriding the other. We just call this the “Normal Priority (PBLP)”.

And, if the Interrupt_pb is given higher priority over the interrupt _sw (PBHP),
then only the interrupt_pb works and interrupt_sw is ignored, when both are
active. We call this “PB Highest Priority (PBHP)".

Note that in the normal priority (PBLP) case, whenever there is a change in switches, the
interrupt_sw is honored and the SSDs are updated momentarily and the interrupt_pb

service resumes. So for human eye, both services seem to go on simultaneously.

You can experiment the two cases. Hold one or more push buttons pressed with one
hand, flip some switches with the other hand, and see if the SSDs respond.



What controls the relative priority?

In the Part 1 of the lab (interrupt_polling part), it is the order of polling at the beginning of the ISR, which
controls the order of priority. So, in this part, it is the software method of controlling the priority.

In the Part 2 of the lab (interrupt_no_polling part), it is the prioritization logic in the fabric logic, which
decides whether to write 8hB0 or 8'hCO or 8'hD0 in the interrupt_cause_jump_address register.

Extract from prom_interrupt_polling_picoblaze.psm

Does this create Normal priority (PBLP) or PBHP?

ISE: ADDRESS 3CO0

; Initial polling to find the cause. The order of polling creates an implicit priority
INPUT sA, interrupt cause ; Load the Interrupt cause into sA register

AND sA, 00000010'b ; Check to see if Push Button Interrupt is enabled
JUMP NZ, ISR _PB ; If non zero, Jump to Push Button ISR

INPUT sA, interrupt cause ; Load the Interrupt cause into sA register

AND sA, 00000001'b ; Check to see if SW change Interrupt is enabled

JUMP NZ, ISR SW ; If non zero, Jump to Switch Button ISR
JUMP ISR WALKING ; Else Jump to Walking LED Service Routine



Extract from interrupt_no_polling_picoblaze.v

Does this create Normal priority (PBLP) or PBHP?

if(BtnlL | BtnU | BtnD | BtnE)
begin
interrupt pb <= 1'bl;
interrupt cause jump address <= £5'hB0;
//ISR for Push Button Interrupt starts at 0x3C0
end

if (sw data != switch to 5SD)

begin
interrupt sw <= 1'bl;
interrupt cause jump address <= 5'hC0;

//ISR for Switch Data Interrupt starts at 0x3B0
end

if (divclk[23:0] == 24Th000000)
begin
interrupt slow clk <= 1'bl;

interrupt cause jump address <= £'hD0;
//ISR for Walking LED Interrupt starts at 0x3D0
end



Section G

Lab Part 1 and Part 2

What Is given ?
and
What do you need to complete?



Lab Part 1 and Part 2

This is a two-part lab.
Two .zip files (one for each part) are given.

Each .zip file contains a .psm in the “assembly” subdirectory and .v and .ucf files in the design_files
subdirectory like in the case of the other Picoblaze labs.

As you know, .psm file is the assembly language program and a .v file defines the fabric logic.

Please add ROM _form.v, and the the assembler .exe file (kcpsm6.exe) to the assembly subdirectory

for each part from your other projects. Similarly, please add the Picoblaze design Verilog file kcpsm6.v

to the design files subdirectory. When you assemble a .psm file, say prom_interrupt_polling_picoblaze.psm,
it produces prom_interrupt_polling_picoblaze.v, which you need to transfer to the design_files subdirectory
and create Xilinx project there.

It is important to go through the video lecture posted along with these slides
before attempting to work on the lab.

The hope is that you would understand fully the 4 files (one .v file and one .psm file for each part)
by the end of this lab!



Lab Partl

prom_interrupt_polling_picoblaze.psm <€ Given in completed form
interrupt_polling_picoblaze.v € Given in completed form

1.1 Change .psm file to change the walking LEDs part of the code and reduce 8 pairs of overhead lines
(compare and perform conditional jump lines) by using an indirect jump instruction as per Section E of this
handout. You need to change the following part of the .v (fabric logic file) accordingly.

1.2 Assemble the .psm file.

1.3 Synthesize the .v file (which instantiates the Picoblaze and the PROM). Generate the .bit file. Download
the .bit file to Nexys-3 and demonstrate to your TA.

always @ (¥)

begin
case (port id[l1:0]) ﬂ
| : in port <= { ,slow bits};|
: 1n port <= {BtnL, BtnL, BtnU, BtnU, BtnD, BtnD, BtnR, BtnR};
: in port <= {sSw7, Swé, Sw5, Swd4, Sw3, Sw2, Swl, Sw0};
: 1n port <= { , interrupt slow clk, interrupt pb, interrupt sw };
endcase
end

assign Dp = divclkl[25]1; // The dot point on each S5D flashes for the TA's design.
// diveclk[25] (~1.5Hz) = (l00MHz [/ 2**2§) We have already commented

// count the number of flashes for a minute, you should get about 90 this line out in your exercise file.



Lab Part 2

prom_interrupt_no_polling_picoblaze.psm <€ Nearly empty file is given. You create this. Refer to Section D Part 2
interrupt_no_polling_picoblaze.v € Given in completed form

1.1 copy prom_interrupt_polling_picoblaze.psm (the original .psm file of lab Part 1) to prom_interrupt_no_polling_picoblaze.psm
1.2 Revise it to read interrupt_cause_jump_address in place of interrupt_cause. So in the .psm,
you will change the following existing line

CONSTANT interrupt cause, 03 ; port03 used for loading info of interrupt cause
to
CONSTANT interrupt_cause_jump_addres#, 03 ; poxrt03 used for loading info of interrupt cause

And you will change the first part of the ISR from the left-side excerpt to the right-side sequence.

ADDRESS 3C0 ADDRESS 340
ISE: ; Initial polling to f£ind the cause. ISR LOAD =F, 03

INFUT s&, interrupt_caus% INPUT si, interrupt_cause_jump_addres#
AND =4, QOO00010 "k JUMER {SF, SP!;]I

JUOME Nz, ISR FPE

INPUT s&, interrupt cause

AND s, 00000001'b

JUME NZ, ISR 3W

JUME ISR WALEING

You will also use ADDRESS 3BO0O, ADDRESS 3CO, and ADDRESS 3DO for poesitioning the three sections of ISR.
1.3 Assemble the .psm file. Synthesize the .v file. Generate .bit file. Demonstrate to your TA.



Demonstrate to your TA, your understanding of relative priorities among
the requestors (a)inPartl and (b)inPart2 and
how to change their relative priorities in each part, if needed.

Refer to Section F of this handout and also check your Part 1 and Part 2 codes.
Complete the three blanks below with interrupt_pb, Interrupt_sw, and
interrupt_slow_clKk, in appropriate order to indicate their relative priorities.
HP = Highest Priority, MP = Medium Priority, and LP = Lowest Priority

Part 1 code as completed by you has priorities in the following order.

(HP), (MP), (LP).
This is an implementation of (Normal Priority PBLP/PBHP).
Part 2 code as completed by you has priorities in the following order.

(HP), (MP), (LP).
This is an implementation of (Normal Priority PBLP/PBHP).

Congratulations on going through this lengthy lab handout and completing the lab!
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