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Jak rozwiaza¢ problem ?
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Po co komu stos ?

Jesli w jezyku wysokiego poziomu (ALGOL/FORTRAN,
rok 1950) zwiekszy¢ jego efektywnosc¢ i wydajnosc¢ przez
wprowadzenie podprogramow, to jak:

+ zapamietac¢ adres powrotu z podprogramu ?

* przenies$¢ zmienne z programu gtéwnego do tego
podprogramu ?

» zapamietywac¢ wartosci chwilowe obliczen ?

* uproscic¢ obliczenia, np. typu X=(A + B) * (C + D) ?
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Typy stosu

* sprzetowy:

- stos ztozony z N dodatkowych, réwnolegtych rejestréw lub rejestrow
przesuwnych typu LIFO

- szybkie (w stosunku do realizacji programowej) odwotania do stosu
maty rozmiar stosu (w stosunku do realizacji programowej)

* programowy:

- adresowanie dodatkowym rejestrem, wskaznikiem stosu SP
(Stack Pointer)

- automatyczna inkrementacja / dekrementacja wskaznika stosu przy
kazdorazowym odwotaniu do stosu

- alokacja stosu w pamigci RAM

- rozmiar stosu ograniczony rozmiarem dostepnej pamieci RAM

Rozwiazanie
» wprowadzi¢ stos (Stack), liniowg strukture danych traktowang jako
rejestr typu LIFO (Last In First Out)
» wprowadzi¢ instrukcje procesora typu:

— CALL addr, wywotanie podprogramu — odestanie na stos adresu
powrotu z podprogramu

—RET, powrét z podprogramu — pobranie ze stosu adresu
powrotu, adresu dalszej czesci programu gtéwnego

—PUSH arg, odestanie argumentu na stos
—POP arg, pobranie argumentu ze stosu

Tylko procesory wspoétpracujace ze stosem moga:
* przyjmowac przerwania
+ wykonywac podprogramy obstugi przerwan
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Stack Computers

STACK
COMPUTERS

Philip J. Koopman, Jr.

Originally published by
Ellis Horwood in 1989

http://www.ece.cmu.edu/~koopman/stack_computers/index.html
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TOS
(Top Of Stack)
Y
PUSH 12 PUSH 34 PUSH56 PUSH 78
\ > PUSH

POP 12 POP34 POP56 POP78
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Stack Computers

http://www.ece.cmu.edu/~koopman/stack.htm/

Data Return
Stack Stack

Program Instruction
Counter Decode

Address

ALU

Data Instructions
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Single vs. multiple stacks - phiiip coopman (1/2)

= Multiple Stack computers have two or more stacks supported by the
instruction set:

—one stack is usually intended to store return addresses,

—the other stack is for expression evaluation and/or subroutine
parameter passing. The parameter stack is separate from the
return address stack.

= Multiple stacks allow separating control flow information from data
operands.

= An important advantage of having multiple stacks is one of speed.
Multiple stacks allow access to multiple values within a clock cycle.
As an example, a machine that has simultaneous access to both a
data stack and a return address stack can perform subroutine calls
and returns in parallel with data operations.
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Stack Computers - philip coopman

= Stacks are simple, a child intuitively understands a stack of things and
how it works.

= A stack is a data structure that is accessed from one end or it is a Last
In First Out buffer.

= Stack Computers are machines that have hardware and instructions to
facilitate the use of stacks in programs. In the hardware within a
processor a stack may be implemented using pointers on the
processor or in memory to locations in memory. It can also be
implemented as on-chip registers or it may have part of the stack
cached in on-chip registers and have the rest of the stack in memory.
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Single vs. multiple stacks - phiiip coopman (1/2)

= Single Stack computers are those computers with exactly one stack
supported by the instruction set. This stack is often intended for state
saving for subroutine calls and interrupts. It may also be used for
expression evaluation. In either case, it is probably used for subroutine
parameter passing by compilers for some languages.

= An advantage of having a single stack is that it is easier for an
operating system to manage only one block of variable sized memory
per process.

= A disadvantage of a single stack is that parameter and return
address information are forced to become mutually well nested.
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StOS Sprzetowy - PIC17C4X (Microchip Technology)

« stosem jest 16-bitowy bufor pierscieniowy; stos nie jest fragmentem pamigci
programu lub danych, nie jest rejestrem specjalnym

* bufor stosu jest 16-poziomowy

* 17-a operacja 'PUSH' nadpisuje wynik pierwszej operacji 'PUSH'",
18-a operacja - drugiej itd.

+ wskaznik stosu jest zerowany po wszystkich typach zerowania procesora
+ wskaznik stosu nie jest dostepny do odczytu lub zapisu

« operacjg 'PUSH' jest wywotanie podprogramu lub przyjecie przerwania
(brak instrukcji PUSH)

« operacjg 'POP' jest powr6t z podprogramu lub obstugi przerwania
(brak instrukcji POP)

* jedynym znacznikiem stanu wskaznika stosu jest STKAV (STacK AVailable bit):
—STKAV = 1 po zerowaniu procesora,
—STKAV = 0 po osiagnigciu przez wskaznik stosu maksymalnej warto$ci OFh
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Stack Pointer (SP) @) Stack Pointer (SP) @)

Stack Pointer (SP):

Memory
Bottom of the stack TFFh = Reset Value TStack Higher Addr [o[o[oJo[o[o[o[1][x]x]x]x[x[x[x[x]
— RAM — (S772334) 256 bytes (ST72334)
17Fh = Reset Value = Since the stack is 128 or 256 bytes deep, the 8th most significant bits
| Stack | (ST72264) 128 bytes (ST72264) are forced by hardware.
Top of the stack 100h | Stack Lower Addr

= Following an MCU Reset, or after a Reset Stack Pointer instruction
Fixed By HW (RSP), the Stack Pointer contains its reset value (=1FFh for ST723xx

or =17Fh for ST722xx) which is the stack higher address.
= The stack pointer is a 16-bit register. The 8 least significant bits

contain the address of the next free location of the stack. Note: When the lower limit is exceeded, the Stack Pointer wraps around

to the stack upper limit, without indicating the stack overflow. The

‘0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0‘ 1 H X ‘ X ‘ X ‘ X ‘ X ‘ X ‘ X ‘ x‘ previously stored information is then overwritten and therefore lost.
N The stack also wraps in case of an underflow. (Stack overflow is not
Fixed By HW indicated)
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Stack ManipUlation PUSH . push into the Stack

SP=1FFh PCL PCL PCL | SP| PCL
PCH PCH PCH PCH
Syntax PUSH src e.g.: push A
SP Y SP| Y Y src: A, X, Y, CC
SP
Operation (SP--) <=dst
Description
Save into the stack the dst byte location. The stack pointer is decremented
100h by one. Used to save a register value.
After CALL PUSH Y POP A RET
Reset Subroutine RSP
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POP - pop from Stack

CALL - wywotanie podprogramu

CALL CALL Subroutine (Absolute)
CALLR CALL Subroutine Relative
Syntax POP  dst e.g.: pop CC Syntax CALL dst e.g.: call divide32_16
dst: A, X, Y, CC CALLR dst e.g.: callr divide32_16
Operation dst <= (++SP) Operation PC = PC + Igth
L (SP--) =LSB (PC)
Description (SP--) = MSB (PC)
Restore from the stack a data byte which will be placed in dst PC = dst
location. The stack pointer is incremented by one. Use to restore a
register value. Description
The current PC register value is pushed onto the stack, then PC is
loaded with the (relative) destination address. This instruction should
be used versus CALLR when developing a program.
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CALL - CALL subroutine

CALL CALL Subroutine (Absolute)
CALLR CALL Subroutine Relative
Syntax CALL dst e.g.: call divide32_16
CALLR dst e.g.: callr divide32_16
Operation PC =PC + Igth
(SP--) =LSB (PC)
(SP--) = MSB (PC)
PC =dst
Description

The current PC register value is pushed onto the stack, then PC is
loaded with the (relative) destination address. This instruction should
be used versus CALLR when developing a program.
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RSP - reset Stack Pointer
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RET - return from subroutine

Syntax RET
Operation MSB (PC) = (++SP)
LSB (PC) = (++SP)

Description
Restore the PC from the stack. The stack pointer is incremented
twice. This instruction is the last one of a subroutine.
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Stack Pointer (SP)

Syntax RSP

Operation SP = Reset Value (=1FFh)

Description
Reset the stack pointer to its reset initial value.This instruction may be put
as first executed instruction in the reset routine.

Trick
It may be used to test current stack size used with an ST7 independent
program.
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Stack Manipulation

SP|_B B B
SP| PCH PCH | sp| PCH PCH
PCL PCL PCL PCL
SP=07h SP
After CALL PUSH B POP Acc RET

Reset Subroutine

» wydzielony logicznie obszar wewngtrznej pamieci RAM (IDATA)
 adresowany wskaznikiem stosu SP (Stack Pointer)
* po sprzgtowym zerowaniu procesora SP =7 (adres RO w banku RB1)
OFFh
RAM
IDATA
80h
7Fh
—1 30h
segment bitowy; 128 bitéw: 0 .. 7Fh —» Igll\\"IYIA
4 banki rejestréow: R0 .. R7 —> 0
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PUSH - push into the Stack / POP - pop from Stack

Synatx PUSH addr

; SP <« SP +1
; (SP) « (addr)

Operation (++SP) « dst

Synatx POP  addr

Operation dst « (SP--) ; (addr) « (SP)
; SP « SP -1

addr, e.g.: only Acc not A
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CALL - CALL subroutine / RET - return from subroutine

ACALL addr_11 ;PC«PC+2
;INC  SP

1 (SP)«PC; 4
;INC SP
1(SP)«PCys 4
; PC «addry, ,

2 baijty, 2 cykle maszynowe

LCALL addr_16 ;PC«PC+3
;INC SP

1 (SP)«PC; 4
;INC  SP
1(SP)«PCys 4
; PC «addrys ,

3 baijty, 2 cykle maszynowe

RET ; PCis.5 < (SP) 1 bajt, 2 cykle maszynowe
;DEC SP

i PC, < (SP)

; DEC_SP
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Przyktad dostepu do stosu
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Deklaracja stosu

ISEG AT 30h ; deklaracja adresu poczatku segmentu
; W wewnetrznej pamieci danych IDATA

Stos: DS 8 ; rezerwacja 8 bajtow

CSEG AT 0 ; deklaracja adresu poczatku segmentu
; W pamiegci programu CODE
Poczatek:
MOV  SP, #Stos-1 ; inicjalizacja stosu uzytkownika
............................. ; dalsza cze$¢ programu uzytkownika
Programy uruchomieniowe (debugger) w trakcie:
« pracy krokowej
« pracy z putapkami
wykorzystujg stos do zapamietywania wartosci chwilowych niektérych
rejestrow uruchamianego programu (2 .. 8 bajtow).
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Ochrona stanu rejestrow w podprogramach

przesuna¢ zawarto$¢ akumulatora do rejestru R4 w banku RB1 i do rejestru B
poprzez stos zatozony w wewnetrznej pamieci RAM od adresu 30h.

Wymiana: MOV  SP, #30h-1 ;SP «30h-1
PUSH Acc ;SP«SP+1
; (SP) «— (Acc)
PUSH Acc ; powtorzenie wpisu do stosu
POP 8+4 ; (8+4) < (SP), 8+4 to adres R4 w RB1
POP B ; powtorzenie odczytu ze stosu

..................................... ; dalsza czes$¢ programu
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Stos i podprogramy w x86

Przetwarzanie danych — wnoszenie argumentéw do podprogramoéw:

= dostep do szczytu stosu (TOS) — adresowanie stosu tylko wskaznikiem
stosu SP

= dostep do dowolnego elementu stosu — adresowanie stosu wskaznikiem
stosu SP + offset (przesunigcie):

Turbo Pascal (Intel x86):

T0S . .

A } Arg1 - DX Procedure ProcU (Arg1, Arg2: Integer);
uto- A
inkrementacja ! } A2 5 AX ProcU
i rg2 —>

SP ‘ g MOV BX, SP
Auto- H MOV AX, SS:[BX+2]
dekrementacja } adres powrotu MOV DX, SS:[BX+4]
SP Tos L z podprogramu . .

R

jesli nie zawierajg one parametréw wej$ciowych lub wyjsciowych do lub z
podprograméw:
CALL  Subroutine ; wywotanie podprogramu
Subroutine:
PUSH Acc ; ochrona stanu akumulatora A
PUSH PSW ; ochrona stanu rejestru statusowego PSW
PUSH DPL ; ochrona stanu wskaznikowego rejestru DPTR, oy
PUSH DPH ; ochrona stanu wskaznikowego rejestru DPTR gy
...................... ; wtasciwy podprogram
POP DPH ; odtworzenie stanu wskaznikowego rejestru DPTR oy
POP DPL ; odtworzenie stanu wskaznikowego rejestru DPTR
POP PSW ; odtworzenie stanu rejestru statusowego PSW
POP Acc ; odtworzenie stanu akumulatora A
RET ; zakonczenie podprogramu
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The system stack pointer (SP) is used for the storage of the following
items:

= Interrupt return addresses and status register contents

= Subroutine return addresses

= Intermediate results

= Variables for subroutines, floating point package etc.

The system Stack Pointer SP is always decremented / incremented by
two, independent of the byte suffix

The Stack Pointer always points to even addresses. This means the LSB

is always zero. Odd SP addresses will end up in non-predictable

results.

If bytes are pushed on the system stack, only the lower byte is used, the

upper byte is not modified:
PUSH #05h
PUSH.B  #05h

; 0005h —> TOS
; xx05h —> TOS
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Stack Pointer (SP)

O RO - Program Counter PC

15 10

l [o]
o0 R1 - Stack Pointer SP

15 10

l [o]

After a system reset, user software must initialize the MSP430 for
the application requirements. The following must occur:

« Initialize the SP, typically to the top of RAM:

O R2 - Status Register SR / Constant Generator CG1
O R3 - Constant Generator CG2

O R4 .. R15 - user working register
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Stack 16-bit Manipulation
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Memory organisation

OxFFFF
Interrupt Vector Table 0xFFEQ

o Program Memory
= The Stack Pointer needs to be initialized before the EINT
instruction is executed or a CALL is used:

MOV #2FFh+1, SP ; locate stack at the high RAM
— —

access L ] 0x0C00
Top of RAM
Data Memory (RAM) Ox02FF Top
0x0200 Ti wbe
Only word i i imer,
access 16-bit Peripheral Modules 0x0100 ADC, DCA
8-bit Peripheral
Only byte Modules oxoo10 O LCP
access SFR
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Basic Instructions: PusH scr

SP=300h \ SP
sp[_PC PC | SP[TPC PC
SP[_R5 R5 R5
200h
After CALL PUSH R5 POP R6 RET

Init Subroutine
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Emulated Instructions: pop dst=mov @sp+, dst

= The stack location pointed to by the Stack Pointer (TOS) is moved to the
destination. The Stack Pointer SP is incremented by two afterwards:
(SP) = dst
SP+2=SP

Example: POP SR ; restore Status Register SR
; core instruction: MOV @SP+, SR

POP.B R7 ;the low byte of the stack is moved to R7
; the high byte of R7 is 00h
; core instruction: MOV.B @SP+, R7

= The system Stack Pointer SP is always incremented by two, independent
of the byte suffix

= The system Stack Pointer SP is also used by the RET and RETI
instructions

= Push word or byte on the stack:
SP-2=SP Stack Pointer (word) is pre-decremented by two
scr = @SP move the source operand to TOS

= The source operand is not affected
= Status, OscOff, CPUOff and GIE bits are not affected

= The system Stack Pointer is always decremented by two, independent of
the byte suffix

= |f bytes are pushed on the system stack, only the lower byte is used, the
upper byte is not modified

= The system Stack Pointer SP is also used by the interrupt routine service

Example:
PUSH SR ; save status register
PUSH.B R8 ; save lower bytes of R8 (R8; ;)
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Basic Instructions: cALL dst

= An unconditional call to an address in the 64K address space:

dst = temp dst is evaluated and stored
SP-2=SP Stack Pointer (word) is decremented
PC = @SP updated PC to TOS

temp = PC saved dst to PC

= A subroutine call is made to an address anywhere in the 64K-address
space

= All addressing mode may be used
= The branch instruction is a word instruction
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Emulated Instructions: RET = mov @sp+ Pc

= The stack location pointed to by the Stack Pointer (TOS) is moved to
the Program Counter PC.

The Stack Pointer SP is incremented by two afterward:

(SP) = PC
SP+2=SP

= The programme continues at the code address following the
subroutine call

= Status, OscOff, CPUOff and GIE bits are not affected
Example:

RET ; return from subroutine

; core instruction: MOV @SP+, PC
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Software Stack

Every register from R4 to R15 can be used as a software stack pointer.
This allows independent stacks for jobs that have a need for this. Every
part of the RAM can be used for these software stacks.

Example: R4 is to be used as a software stack pointer.

MOV  #SW_STACK, R4

; Init. SW stack pointer

WORD Stack
DECD R4 ; Decrement stack pointer
MOV  item, O(R4) ; Push item on stack
MOV  @R4+, item2 ; Pop item from stack
BYTE Stack
DEC R4 ; Decrement stack pointer

MOV.B item, O(R4)
MOV.B @RA4+, item2

; Push item on stack

; Pop item from stack
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Arguments on the Stack Operating Modes
User usr Normal program execution mode; unprivileged mode
TOS before CALL SP —) under which most tasks run
Argument0 Address N+4 Return Address 4 System sys Runs privileged operating system task; privileged mode
using the same registers as user mode
A t1 4+
roumen Address N+2 Supervisor svc T A protectd mode for the operating system; entered on
SP —> Return Address Address N Return Address b4 reset and when a Software Interrupt instruction is
executed -8 3
‘After the subroutine call N After the RET Abort £ abt 3 Implements virtual memeory and/or memory protection;
2 E used to handle memory access violations
SUBR o
Undefined @ und .g Supports software emulation of hardware coprocessors;
MOV 4(SP), Rx ; COPY ARGUMENTO TO Rx s 2 used to handle undefined instructions
MOV 2(SP), Ry : COPY ARGUMENT1 TO Ry IRQ = irq 2 Used for general-purpose interrupt handling; entered
MoV @SP, 4(SP) ; RETURN ADDRESS TO CORRECT LOC. W when a low priority (normal) interrupt is raised
ADD #4, SP ; PREPARE SP FOR NORMAL RETURN FlQ fiq l Supports a high-speed data transfer or channel process;
..................................... ; PROCESSING OF DATA entered when a high priority (fast) interrupt is raised
RET ; NORMAL RETURN . . .
| - Mode changes: software control, external interrupts or exception processing.
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Register Set & Modes

(¢ Privileged Modes

Abort

Exception Modes
Undefined Interrupt

'Supervisor Interrupt

>
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Register R13

= Register R13 is normally used as a stack
pointer (SP). In the ARM instruction set, this
is by convention only, as there are no defined
instructions or other functionality which use
R13 in a special-case manner.

= Each exception mode has its own banked
version of R13, which should normally be
initialized to point to a stack dedicated to that
exception mode.

= On entry, the exception handler typically be
stores to this stack the values of the registers
to be used. By reloading these values into the
registers when it returns, the exception
handler can ensure that it does not corrupt the
state of the program that was being executed
when the exception ocuured.
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Register R14
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Kod ASCII

In each mode register R14 is used to hold subroutine
return address. The subroutine return is performed by
copying R14 back to the program counter PC.

U;er Other
System Modes
R1 R13_mod
| _R14 |« R14_mod]
PC PC
CPSR

EPSR moi
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Wskaznik 7-segmentowy (i)

Kod ASCII (American Standard Code for Information Interchange):

« 7-bitowy kod konwers;ji cyfr, liter, znakéw interpunkcyjnych i
kodoéw sterujacych;

« 8-bitowy rozszerzony kod ASCII zawierajacy znaki narodowe

znak ASCII znak ASCII znak ASCII
LF 10 | OAh @ 64 | 40h ) 96 | 60h
CR 13 | ODh A 65 | 41h | +20h a 97 | 61h
space| 32 | 20h = 70 | 46h —'20h f 102 | 66h
! 33 | 21h G 71 | 47h g 103 | 67h
/ 47 | 2Fh Y 89 | 59h y 121 | 79h
0 48 | 30h z 90 | 5Ah z 122 | 7Ah
30h+ 1 49 | 31h [ 91 | 5Bh { | 123]| 7Bh
9 57 | 3% A 94 | 5Eh ~ 126 | 7Eh
: 58 | 3Ah _ 95 | 5Fh DEL | 127 | 7Fh
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Wskaznik 7-segmentowy ()

Przedstawi¢ zawarto$¢ komoérki pamigci o adresie addr, w postaci dwdch znakéw w
kodzie 7-segmentowym. Wynik zapisa¢ w komérkach pamigci o adresach:
+ addr low - czeéé bardziei znaczaca

o OEEEEE EEeEEE ]
0 1 2 3 4 5 6 7 8 9 10 n" 12 13 14 15

= NUMERICAL DESIGNATIONS AND RESULTANT DISPLAYS

EGMENT
oeNTIFICATION SN7447. BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS|
a P

a
el i) glv
el_le l_le

d d

lol1]ofo][x]1[a]1]

MOV A, addr ; A« (addr)

SWAP A (A A,

CALL Hex_7_Segm ; wywotanie podprogramu zamiany

MOV addr_high, A ; (addr_high) < A, przestanie wyniku czesci MSB
MOV A, addr ; A« (addr)

CALL Hex_7_Segm ; wywotanie podprogramu zamiany

MOV addr_low, A ; (addr_low) «— A, przestanie wyniku czg¢$ci MSB

Hex_7_Segm: ; podprogram zamiany
ANL A, #0Fh ; wydzielenie 4 mniej znaczacych bitéw
MOV DPTR, #Tablica; DPTR « Tablica
MOVC A, @A+DPTR ;A < (A+DPTR)cqpe
RET ; koniec podprogramu

Tablica:
3Fh, 06h, 5Bh, 4Fh, 66h, 6Dh, 7Dh, 07h, 7Fh, 6Fh
; kody 7-segmentowe cyfr: 0..9
DB 77h, 7Ch, 39h, 5Eh, 79h, 71h ; kody 7-segmentowe liter: A..F




