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Laboratorium 5

Przyklad prostego ALU

mgr inz. Leszek Ciopinski

Wybrane uklady z biblioteki standardowej — Altera Quartus II

Ipm_add_sub

Uktad ten nalezy do grupy MegaFunctions (doktadna lokalizacja to:
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M ame:

|I|:-m_add_$ub

[7 Repeat-inzert mods
[ Insert spmbol a5 block
v Launch Megawizard Plug-n

Megawiizard Plug-n Manager... |

LPM_ADD_SUB

add_sub

cin
dataal]
clock result]]

clken

datab)
L overflow

aclr cout

o]

Cancel |

megafunctions/arithmetic/lpm_add sub). Oznacza to, ze doktadne wtasciwosci uktadu mozna
dostosowac w zalezno$ci od potrzeb projektanta. Po wybraniu tego uktadu otworzone zostanie okno
MegaWizard, w ktorym nalezy dokona¢ wyboru jezyka w jakim opisany zostanie uktad (prosze

wybiera¢ jezyk VHDL) oraz miejsce i nazwg pod jaka uklad ma zosta¢ zapisany. Ponizej

przedstawiono opis najwazniejszych ustawien:
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MegaWizard Plug-In Manager - LPM_ADD_SUB [page 3 of 8] Thu bitowe

sq wejscia
iwyjscia

Currently selected device family: -

lpm_add subl

1 Match project/default Jak ma dzialac

uklad?

dataa[7..0]

datab[7..0]

How wide zhould the 'dataa’ and 'datab’ input buzes be? g [~

Which operating mode do you want for the adder fsubtractor? Ty]ko sumator
i® Addition only —

 Subtraction only qylko OdejmowanE

" Create an 'add_sub' input part to allow me to do both
[1 addsz; 0 subtracts]

Odejmowanie
lub dodawanie

uzaleznione
od wejscia
sterujacego

Rezource Uzage
8 lut

| Cancel ” < Back ” Mext = ” Einish |

MegaWizard Plug-In Manager - LPM_ADD_SUB [page 4 of 8]

Czy ktores
wejscie ma staly
wartosc?

| About ” Documentation

Nie, oba wejscia
maja wartosci
Zmienne

lpm_add_subl

dataa[r..0]

|5 the 'dataa’ or 'datab’ inp

uk buz value a congtant?
¥

datab(7..0]

) Yes, dataa = | | J /

(0 Yes, datab = | [0e- =] [ == Tak, dane wejscie

‘Which type of addition/subtraction do you want? . 100 stalat.warto.sc

@ Unsigned rowng ... 1wyrazong

) Signed W systemie ... 4

Operacje na
liczbach ze znakiem
Rezource Uzage \M/
& lut
| Cancel || « Back ” Mext = ” Finish |
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MegaWizard Plug-In Manager - LPM_ADD_SUB [page 5 of 8]

Czy tworzy¢
dodatkowe
wejscie
przeniesienia
/
pozyczki?

| About ” Documentation

Ipm_add_sub0 NPT 2 .
add_sub Do you want any optional inputs or outputs? Czy tworzyc
Input: dodatkowe
dataa[7. 0] []Create a carry /borrow-out input ., .
WyJScCie
datab[7..0] Outputs: eqQient
[ Create a carry/borrow-in cutput < UZSILER LA
[] Create an overflow output /

pozyczki?

Czy tworzy¢

dodatkowe
wyjscie
znacznika
?:T.;u ree Usage przepelienia?

| Cancel || < Back ” MNext > ” Einish |

MegaWizard Plug-In Manager - LPM_ADD_SUB [page 6 of 8] Czy e rzyé

potokowe
wykonywanie
operacji?

| About ” Documentation

COTEET TR
Tak, z wynikiem
po ... cyklach

lpm_add_sub0

Do you want to pipeling the function?

zegara.
* flg /
Clock cycles

</ Utworz
asynchroniczne

wejscie
zerujace.

dataa[15.0]

datab[15.0] |
I 1 Yes, I want an output latency of

Utworz wejscie
aktywujace

zegar.

Resource Uzage

17 lut

| Cancel ” < Back || Mext = ” Finish |
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Wybrane uklady z biblioteki standardowej — Altera MAX+plus I1

lpm_add_sub — uktad dodajaco-odejmujacy

W celu edycji parametrow komponentu nalezy
dwukrotnie klikna¢ na tabliczkg z opisem
parametrow.

LPM _ADD SUB

e add_sub
B o Lo i
T dataa] _
: resurg] ST R i
— g Ll T e
cout
Okresla, czy dane wejéciowe maja byé\
Edit Ports/Parameters X podawane w afirmacji (None),
Function Name: LPM_ADD_SLIE Helpon LPM_ADD_SUB | w negacji (All), czy ma zostaé
pore Port Status - Inversion zastosowana maska bitowa do okreslenia

Fort Mame:

" Used * Maone Pattern!HaK z o z 09
acl

Fundllca = o ktore bity poda¢ w negacji,
Mame: Statuz:  Inversion: a kt()I‘e %% aﬁI’l’mc_]l /

Unused  MNone ~
dd_sub Uszed M E . 4 . . oy
e Used  None i Lista portow, jakie moga wystapi¢ w danym
clken Unuzed Mone . . . .
komponencie. Nie zawsze wszystkie porty

Parameters
o — sa wymagane dla danego komponentu. Port
Parameter Description; Selects between addition, subtraction, or both uiywany pOSlada Statl.lS ,,used”, a na dlagramle
Pararneter ¥ alue: <nohes — & Cl 1 1 1 1 5
o —— A e | odpowiadajacy mu pin jest podpisany.
LPt_DIRECTION <h ~
G — = | Warodt wybranego paramery |

IDTH 4 v

LPk_'w|
o \
e | e | L Lista parametrow j
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Przy pominigciu,

warto$¢ wynosi 0.

INPUTS Czy dany port jest wymagany
Paort Name Required  Description Comments
cin Mo Carry-in to the low-order bit. If omitted, the default is 0.
dataal] Yes Augend/Minuend. Input port LEM_WIDTH wide.
databl] Yes Addend/Subtrahend. Input port LEM_WIDTH wide.
add_sub No If the signal is high, the operation = If the LPM_DIRECTION parameter is used,
dataa[]+datab[] +cin. Ifthe signal is low, add_sub cannot be used. If omitted, the
the operation = dataa[ ]-datab[] +cin—1. defaultis "ADD". Altera recommends that
you use the LFM_DIRECTION parameter to
specify the operation of the 1pm_add_sub
function, rather than assigning a constant to
the add_s=ub port.
clock Mo Clock for pipelined usage. The clock port provides pipelined operation
for the 1pm_add_=sub function. For
LFM_PIFELINE values other than 0
(default value). the clock port must be
connected.
clken Mo Clock enable for pipelined usage If omnitted, the default is 1
aclr Mo Asynchronous Clear for pipelined usage. The pipeline initializes to an undefined (X)
logic level. The aclr port can be used at
any time to reset the pipeline to all 0's,
asynchronously to the clock signal.
OUTPUTS
Port Name Required  Description Comments
result[] Yes dataa[] +datab[] +cin or dataal] Output port LPY_WIDTH wide.
—datab[ ] +cin-1
cout Mo If overf low is used, cout cannot be
used. The cout port has a physical
interpretation as the carry-out (borrow-in) of
the MSB. cout is most meaningful for
detecting overflow in "UNSIGHED"
operations.
overflow Mo Result exceeds available precision. Nofe 2 If owerf low is used. cout cannot be
used. The overf low port has a physical
interpretation as the XOR of the carry-in to
the MSB with the carry-out of the MSB.
overf low is meaningful only when the
LPM_REFPRESEHTATION parameter value is
"SIGKED".
g e Parametr okreslajacy szerokos¢ (ilos¢ bitdéw) danych wejsciowych 1 wyjsciowych
Parameter Type Required  Description
LPM WIDTH Integer Yes Width of the dataa[ ], datab[ 1. and result[] ports.
LPM_DIRECTION String Mo Values are "ADD", "SUB", and "UNUSED". If omitted, the default is "DEFAULT"
. which directs the parameter to take its value from the add_=ub port. The
add_=ub port cannot be used if LPM_DIRECTION is used. Altera recommends
that you use the LPH_DIRECTICHN parameter to specify the operation of the
lpm_add_=sub function, rather than assigning a constant to the add_sub port.
LFMY_REPRESENTATIOHN String Mo Type of addition performed: "SIGHED", "UNSIGHED", or "UNUSED". If omitted,
the default is "SIGHED".
LPM FIPELINE Integer Mo Specifies the number of Clock cycles of atency associated with the result[]
output. A value of zero (0) indicates that no latency exists, and that a purely
combinatorial function will be instantiated. If omitted, the default is 0
(non-pipelined).
LEM_HINT String Mo
LPM_TYPE String Mo
ONE_INPUT_IS CONWSTANT String Mo
MAXIMIZE SPEED Integer Mo Altera-specific parameter. You can specify a value between 0 and 10. If used,

ASK1 Laboratorium 5.

MAX+PLUS Il attempts to optimize a specific instance of the 1pm_add_sub

function for speed rather than area, and overrides the setting of the Op

7e

option in the Global Project L ogic Synthesis dialog box (Assign menu). If
MAXIMIZE SPEED is unused. the value of the Optimize option is used instead. If
the setting for MAXINIZE SPEED is 6 or higher, the Compiler will optimize
lpm_add_sub megafunctions for higher speed; if the setting is 5 or less, the

Compiler will optimize for smaller area.
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lpm_mult — uktad mnozacy

LPM MULT

dataafl
X rezult]]

WM_WIDTHA+LPM_WIDTHE} |
DTHA :

datab[l

INPUTS

Port Name Required Description Comments

dataal] Yes Multiplicand. Input port LPM_WIDTHA wide.

datab[] Yes Multiplier. Input port LPH_WIDTHE wide.

sumf ] Mo Partial sum. Input port LPH_WIDTHS wide.

clock No Clock for pipelined usage. The clock port provides pipelined operation
for the Lpm_mult function. For
LPM_PIPELINE values other than 0
(default value), the clock port must be
connected.

clken Mo Clock enable for pipelined usage. Available for VHDL only.

aclr No Asynchronous Clear for pipelined usage. The pipeline initializes to an undefined (X)
logic level. The aclr port can be used at
any time to reset the pipeline to all 0's,
asynchronously to the clock signal.

QUTPUTS

Port Name Required  Description Comments

result[] Yes result = dataal[] "datab[]+ sum The  OQutput port LPH_WIDTHF wide. If

product LSE is aligned with the sum LSB. LPM_WIDTHF < max (LPM_WIDTHA +

LPM_WIDTHE. LPM_WIDTHS) or(
LPH_WIDTHA + LPH_WIDTHS). only the
LPM_WIDTHF MSBs are present.

Parameters:

Parameter Type Required  Description

LFM_WIDTHA Integer Yes Width of the dataa[ 1 port.

LPY_WIDTHE Integer Yes Width of the datahb[ ] port.

LFM_WIDTHF Integer Yes Width of the result[ ] port.

LPY WIDTHS Integer Yes Width of the sum[ ] port. Required even if the sum port is not used.

LPH_REFRESENTATION String Mo Type of multiplication performed: "SIGNED", "UNSIGHED", or "UNUSED". If

omitted, the default is "UNSIGHED".
LPY_FIFELINE Integer Mo Specifies the number of Clogk cycles of latency associated with the result[ ]

ASK1 Laboratorium 5.

output. A value of zero (0) indicates that no latency exists. and that a purely
combinatorial function will be instantiated. If omitted, the default is 0

(non-pipelined).
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Parameter Type Required  Description

LPM _WIDTHA Integer Yes Width of the dataal 1 port.

LPY_WIDTHE Integer Yes Width of the datab[ ] port.

LFM_UWIDTHF Integer Yes Width of the result[] port.

LPY _WIDTHS Integer Yes Width of the sum[ ] port. Required even if the sum port is not used.
LPH_EEFRESENTATION String Mo Type of multiplication performed: "SIGNED", "UNSIGNED", or "UNUSED". If

LPY_PIFELINE Integer MNa Specifies the number of Clock cycles of |atency associated with the result[ ]
output. A value of zera (0) indicates that no latency exists, and that a purely
combinatorial function will be instantiated. If omitted, the default is 0

(non-pipelined).

LPY _HINT String No Allows you to assign Altera-specific parameters in VHOL Design Files. The
default is " UNUSED".

LFPM_TYFE String Mo Identifies the LEM entity. name in VHDL Design Files.

INPUT_A IS _CONSTANT String Na Altera-specific parameter. Values are "YES", "HO", and "IUNUSED". fdataa[ ]

is connected to a constant value, setting INPUT_A_TIS CONSTANT to " YES"
optimizes the multiplier for resource usage and speed. If omitted, the default is
"o

INPUT_B_IS_CONSTANT String Na Altera-specific parameter. Values are "YES", "HO", and "IUNUSED". f datah[ ]

is connected to a constant value, setting INPUT_B_IS CONSTANT to " YES"
optimizes the multiplier for resource usage and speed. The default is "HO".

USE_EAB String Mo

4
Altera recommends that you set USE_EAB to "ON" only when LCELLS are in

short supply.

must specify it by entering the parameter name and value manually with the Edit
Ports/Parameters dialog box (Symbal menu). You can also use this parameter

LATENCY Integer Mo Altera-specific parameter. Same as LPM_PIPELINE. (This parameter is provided
only for backward compatibility with MAX+PLUS || pre-version 7.0 designs. For all
new designs, you should use the LPM_PIPELINE parameter instead.)

MAXIMIZE SPEED Integer Mo Altera-specific parameter. You can specify a value between 0 and 10. f used.

Global Project Logic Synthesis dialog box (Assign menu). If

MAXIMIZE SFEED is unused, the value of the Optimize option is used instead. If
the setting for MAXIMIZE_SPEED is 6 or higher, the Compiler will optimize
lpm_nult megafunctions for higher speed: if the setting is 5 or less, the
Compiler will optimize for smaller area.

Zadania:

1A. Zaprojektowac i skompilowa¢ uktad AND czterobitowy. Cechy uktadu:
* Uktad ma dwa wejscia, kazde po 4 bity.
* Uktad ma jedno wyj$cie czterobitowe
*  Operacja AND wykonywana jest na odpowiadajacych sobie bitach (np. drugi z drugim)
(1 punkt)

1B. Zaprojektowac i skompilowa¢ uktad OR czterobitowy. Cechy uktadu:
» Uktad ma dwa wejscia, kazde po 4 bity.
* Uktad ma jedno wyjscie czterobitowe
* Operacja OR wykonywana jest na odpowiadajacych sobie bitach (np. drugi z drugim)
(1 punkt)
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1C. Zaprojektowac i skompilowaé uktad XOR czterobitowy. Cechy uktadu:
» Uktad ma dwa wejScia, kazde po 4 bity.
* Uktad ma jedno wyjscie czterobitowe
* Operacja XOR wykonywana jest na odpowiadajacych sobie bitach (np. drugi z drugim)
(1 punkt)

1D. Zaprojektowac i skompilowac¢ uktad NOT czterobitowy. Cechy uktadu:
* Uktad ma jedno czterobitowe wejscie
* Uktad ma jedno wyjs$cie czterobitowe
* Operacja NOT wykonywana jest na kazdym bicie.
(1 punkt)

2. Przetestowac uktady z zadania 1. Nalezy przedstawi¢ dwie dowolne kombinacje. Dodatkowo na
kartce nalezy wykona¢ operacjg AND, OR, XOR i NOT dla kazdej testowanej pary wartos$ci,
potwierdzajacej prawidtowos$¢ wykonanej symulacji.

(2 punkty)

3. Zaprojektowac i skompilowa¢ uktad uproszczonego ALU, ktérego schemat ideowy

przedstawiono ponizej:

A[3..0]

B30 , Sumator
2o ukiad odejmujacy Y[3.0)
ADD/DEC mnozarka
MUL N Multiplekser
AND ulip
AND/OR/ OR
XORNOT—— XOR
NOT
ARYT/LOG

Uktad logiczny musi by¢ symbolem utworzonym z uktadow z pierwszego zadania.
Uktad arytmetyczny musi by¢ dotaczony do projektu w postaci symbolu i utworzony
z komponentéw Ipm_add sub i lpm_ mult.
Wejscia sterujace (wybor uktadu i operacji arytmetycznej lub logicznej) musza by¢ potaczone
w jedna szyng sterujaca (oczywiscie 3-bitowa)
(5 punktow)
4. Przetestowac¢ uktad z zadania 3 w sposob umozliwiajacy weryfikacjg jego poprawnego
zaimplementowania.

(4 punkty)
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