MOUSA AL-QAWASMI

BME 328 — DIGITAL SYSTEMS (FALL 2020)

LAB 7 TUTORIAL
SIMPLE PROCESSOR

OVERVIEW

In this lab we will implement a simple 8-bit microprocessor. We will use the processor to
calculate the average of 4 numbers x1, x2, x3, and x4 as instructed in example 1 in the lab
manual. We will also use the processor to implement the for loop in example 2 in the lab
manual. The inputs are entered in the simulation phase through the Quartus Il waveform

editor.

Our implementation of the 8-bit microprocessor consists of:

1.
2.
3.

8-bit registers R1 and RC to store data.
An 8-bit ALU to perform operations on its inputs A and B.

An 8-bit ACC register in which intermediate operations are stored and fed back to
the ALU.

A control unit to execute instructions pointed to by the Program Counter (PC).
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PROCEDURE

H Please follow the following instructions to implement the 8-bit microprocessor:

1. Create a new folder “Lab7” in your “BME328” folder.

2. Open the Quartus Il software, and using the new project wizard, create a new project

“Lab7” in your “Lab7” folder.

MAKE SURE THAT YOU CHOOSE THE “EP2C35F672C6” DEVICE IN THE

PROJECT WIZARD.

1. Register R1

H Please follow the following instructions to implement Register R1:

[ ERES I VI Y O U OV I B

1. Create a new VHDL file in your “Lab7” project (File > New > VHDL File).

2. Type the following in the Text Editor and save file as “R1.vhd”:

library ieee;
use ieee.std logic 1164.all;

entity Rl i=s

port |
D H in
LD R1 H in
clk H in
Q H out
)
end R1;

architecture Behawvior of Rl is

std logic vector (7 downto 0);
std logic:
std:lagic;
std_logic_vector (7 downto 0)

begin
process (LD R1)
begin -
if (clk'EVENT and clk = '1'") then
if (LD R1 = '"1"} then
Q <= D:
end 1f;
end if;

end process;
end Behawvior:
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i 3. Set “R1.vhd” as the top-level entity. You can do this by right-clicking on “R1.vhd” in

the “Files” section of the project navigator (located at the left of your Quartus I
window) and selecting “Set at Top-Level Entity”.

4. Start the compiler. Fix any errors and re-compile. Once the compiler compiles
without any errors, move to the next step.

5. Create a symbol for your “R1.vhd” file. You can do this by right clicking on “R1.vhd”
in the “Files” section of the project navigator (located at the left of your Quartus II
window) and selecting “Create Symbol Files for Current File”.

6. Create a new University Program VWF (File > New > University Program VWF).

7. Simulate “R1.vhd” and make sure that your simulation results match the results
shown below.

8. Save the VWEF file as “R1.vwf” in your “Lab7” folder and take screenshots of your
code and your simulation results.

P ps 400.0ns
b1

ok i | | 1
D 00000100

LD_R1 | 1

Q DODDODDD Q0000100
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2. Register RC

H Please follow the following instructions to implement Register RC:
1. Create a new VHDL file in your “Lab7” project (File > New > VHDL File).
2. Type the following in the Text Editor and save file as “RC.vhd”:

1 library ieee;

2 use ieee.std logic 1lé64.all:

3 use ieee.numeric std.all;

4

5 entity RC is

& poxrt ( D H in unsigned (7 downto 0);
7 LD RC H in std logic;
8 DEELRC H in std:lagic;
] clk H in std logic;
10 Q H out unsigned (7 downto 0)):
11 end RC;

12

13 architecture Behawvior of RC is

14 gignal Q =signal: unsigned (7 downto 0);
15 begin

1& process (clk, LD RC, Dec RC)

17 begin

18 if (clk'EVENT and clk = '1'}) then

19 if (LD RC = '1l") then

20 Q =signal <= I;

21 glsif (Dec RC = '1') then

22 Q signal <= Q signal - 1;

23 end if: -

24 end if;

25 end process;

2a Q <= Q _signal;

27 end Behavior;

28
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i 3. Set “RC.vhd” as the top-level entity. You can do this by right-clicking on “RC.vhd” in

the “Files” section of the project navigator (located at the left of your Quartus I
window) and selecting “Set at Top-Level Entity”.

4. Start the compiler. Fix any errors and re-compile. Once the compiler compiles
without any errors, move to the next step.

5. Create a symbol for your “RC.vhd” file. You can do this by right clicking on “RC.vhd”
in the “Files” section of the project navigator (located at the left of your Quartus II
window) and selecting “Create Symbol Files for Current File”.

6. Create a new University Program VWF (File > New > University Program VWF).

7. Simulate “RC.vhd” and make sure that your simulation results match the results
shown below.

8. Save the VWF file as “RC.vwf” in your “Lab7” folder and take screenshots of your
code and your simulation results.

P ps -H)D]ﬂ ns BDDP ns 10us
Bl

d

ek} 1 /1 m—/1 r~—1 m—1 r1 1 —1 1 —1 1 1 —1 1 1 "1 —1 1 1

D 00000100 X 00000101 DODODIT0
LD_RC 1 J
Dec RC | |
[ CODDO000 00000100 COD00011,{00000010 OODD000T 00000100




3. ALU
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H Please follow the following instructions to implement the ALU:

[SURCS I VI ) Y U GV I

[fa]

1. Create a new VHDL file in your “Lab7” project (File > New > VHDL File).
2. Type the following in the Text Editor and save file as “ALU.vhd”:

library ieee;

use ieee.std logic 1164.all;

use ieee.numeric std.all;

use ieee.std logic unsigned.all;

entity ALUT is=s

port (A, B i im std logic vector (7 downto 0);
ALU Opcode : in std_logic _vector (3 downto 0);
Cutput bus : out std logic wector (7 downto 0)):

end ALT;

architecture Behavior of ALU is
signal ALU Result : std _logic wvector (7 downto 0);

begin
process (A, B, ALU Opcode)
begin -
case (ALU Opcode) is

when "0000"™ => ALO Result <= B;

when "0001" => ALU Result <= B;

when "0010" => ALIT Result <= A + B;
when "O011" => ALUO Result <= R - B;
when "0100"™ => ALU Result <= A + 1;
when "0101" => ALU Result <= A - 1;
when "0110" => ALU Result <= B;

when "0111"™ => ALU Result <= A and B;
when "1000"™ => nLU:Result <= A or B:
when "1001" => ALT Result <= A =or B;
when "1010" => ALT Result <= A nand B;
when "1011"™ => ALU Result <= B;

when "1100" => RLU Result <= B;

when "1101" => AL Result <= B;

when "1110"™ => ALU Result <= B;

when "1111" => ALU Result <= By

end case;
end process;
Cuctput bus <= ALU Resulrt:
end Behavior; -
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Set “ALU.vhd” as the top-level entity. You can do this by right-clicking on “ALU.vhd”

in the “Files” section of the project navigator (located at the left of your Quartus II
window) and selecting “Set at Top-Level Entity”.

Start the compiler. Fix any errors and re-compile. Once the compiler compiles
without any errors, move to the next step.

Create a symbol for your “ALU.vhd” file. You can do this by right clicking on
“‘ALU.vhd” in the “Files” section of the project navigator (located at the left of your
Quartus Il window) and selecting “Create Symbol Files for Current File”.

Create a new University Program VWF (File > New > University Program VWF).

Simulate “ALU.vhd” and make sure that your simulation results match the results
shown below.

Save the VWEF file as “ALU.vwf” in your “Lab7” folder and take screenshots of your
code and your simulation results.

64011] ns 960.0ns

(0000 $00

00000010

ALU_Opoode

L]

D001 L4 ] D01 0100 0101 o1 Diid 000 1001 igig 01 100 101 1 {1} a1

Output_bus

000000 0

00000110 00000101 _%_DODC0G1T DOD0D00T 00000110 ) TR AE 00000010
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4. ACC

H Please follow the following instructions to implement the ACC:
1. Create a new VHDL file in your “Lab7” project (File > New > VHDL File).
2. Type the following in the Text Editor and save file as “ACC.vhd”:

1 library ieee;

2 use iesee.std logic 1le4.all:

3 use ieee.numeric std.all;

4

5 entitcy ACC is

& port (D : in unsigned (7 downto 0);
7 SHL ACC, S5HE ACC, clk, reset 1 in std logic;
8 o - i out unsEgnEd:? downto 0}));
9 end RACC;

10

11 architecture Behavior of ACC is

12 signal store_signal : unsigned (7 downto 0} := (others => '0'};
13 kbegin

14 process (SHL _RACC, clk, reset, SHE ACC, D)

15 begin

16 if (reset = '0'"} then

17 store_signal <= "00000000";

18 gl=sif ((reset = "1'") and (rising edge(clk))) then

19 store_signal <= D; -

20 if (SHL ACC = '1') then

21 store_signal <= store_signal sll 1;

22 end if;

23 if (SHR ACC = '1') then

24 store signal <= store signal srl 1;

25 end if;

26 end if;

27 end process;

28 Q <= store signal;

25 end Behavior:;
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3. Set “ACC.vhd” as the top-level entity. You can do this by right-clicking on “ACC.vhd”

in the “Files” section of the project navigator (located at the left of your Quartus Il
window) and selecting “Set at Top-Level Entity”.

4. Start the compiler. Fix any errors and re-compile. Once the compiler compiles
without any errors, move to the next step.

5. Create a symbol for your “ACC.vhd” file. You can do this by right clicking on
“‘ACC.vhd” in the “Files” section of the project navigator (located at the left of your
Quartus Il window) and selecting “Create Symbol Files for Current File”.

6. Create a new University Program VWF (File > New > University Program VWF).

7. Simulate “ACC.vhd” and make sure that your simulation results match the results
shown below.

8. Save the VWEF file as “ACC.vwf” in your “Lab7” folder and take screenshots of your
code and your simulation results.

P ps -HIIP ns HDDP ns 1.0us
28

ok

1 r1r1r1r1ir1ritr1ir1rtririrtrirtrtirirtrir—

0DOD0110

SHL_ACC

SHR_ACC

1
1
00000000 ¥/00000110 (00000011 },00000001 % 00000110 {D000T100 1000110003 00000110
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5. Control Unit (Example 1)

H Please follow the following instructions to implement the Control Unit for Example 1
(average of 4 inputs):

1. Create a new VHDL file in your “Lab7” project (File > New > VHDL File).

2. Type the following in the Text Editor and save file as “PC_comb_ckt_example1.vhd”:

1 library ieees

2 use ieee std logic 1164 .alls

3

4 entity PC comb ckt_examplel is

5 pozt |

g Clock , Resetn : im std_logic s

7 BC : inm std_logic_vector ( 7 downto 0)7

B B T out std_logic_vector (1 downto 0)-

9 Dec BC, LD Bl, LD BC, SHL Acc, SHE Roc @ ouwt std logic

10 IF

11 end PC_comb_ckt_examplel 7

12

13 architecture Behavier of BC_comb ckt ewamplel is

13 typE state_type iz (=0, =1, =I, =1, =4, =5, =6, =7, =B, =&, =10, =11,
=s1Z, sl3):

15 signal §: state_type 7

18 signal control sigmal - std_logic_wector (B downto 01

17 =ignal Op: std_logic_vector (7 downto 0) = X"0077

18 begin

1z process  (Clock, Besetn)

20 in

2l if (Resetn = '0') then

22 ¥ <= =b;

23 elsif {Clock 'EVENT and Clock = "1') then

23 case § i=

25 when s =» y <= =l;

268 when 3l =@ y <= =37

27 when 52 =» y <= =3

28 when 51 =» y <= =4;

29 when 54 =» y <= =57

a0 when 358 =@ y <= =67

a1 when 56 =» y <= =7;

22 when 87 =» vy <= =8;

a3 when sB =» y <= =5;

21 when 3% =@ y <= =slb;

a5 when sl0 == y <= slls

26 when sll =» vy <= =lZ;

a7 when sl2 =» y <= =137

a8 when 513 =>

g if (Besetn = '0') then

40 v <« =07

41 end if:

43 end cazes

43 end if:

44 end process

45

48

47 process (gl

48 begin

45 caze ¥ is

50 when =0 => Op <= X"0F"7 - rest

51 when =1 => Op <= X"00":; -- load Bl 0

g2 when 52 => Op <= X"07"7; - and

53 when 53 =»> Op < X"M":; -- load X1

54 when s4 =»> Op < X"02"; -- add

55 when =5 => Op <= X"MW"; -- leoad ¥I

5E when 56 => Op <= X"02":; —- add

57 when =7 =»> Op < X"M":; -- load X2

58 when =8 => Op <« X"02Z"; -—- add

55 when =& => Op <= X"M0":; -- load X4

&0 when =10 => Op <= X"02":; —- add

6L when =11 =»> Op <= X"0C"; - FRA

62 when =12 => 0Op «— X"0C": -- SRR

63 when =12 => Op <= K"0E" - rest

3] end case

65

CONTINUED ON NEXT PAGE
1 ————

10
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case Op i=

when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
end Case;

end process @

Xmont ==
X"l =

X"zt ==
Xmpan ==
xUoan ==
K"Q5" =»
K 0E" ==
Xmort =

X"pE" =

Kmge" =»
K OR" =»
K"0B" =»
Xmoot =

XmooT ==
others =>

control sigmal
controel sigmal
control_sigmal
control_sigmal
control sigmal
control_sigmal
control_sigmal
control_sigmal
control_sigmal
control sigmal
control_sigmal
control_sigmal
control_sigmal
control sigmal
controel sigmal

<= control_sigmal (3 downto 0)7

4
LD Bl <~ control sigmal

<= oontrol_ sigmal

<= control sigmal
<= control_sigmal
<= control_ sigmal

(41
(31
(E)=
71:
(81

I I I I I IR IR IR

OO0 L0
OO0 LoD
" OO0r0 L0
"Ooo0or01L"
" OOoo0100"
"1l
"0 LoD
o001
" OO0 1000
"I Lol
"Oee010L0”
"L
" L0000 ™
g
OO

LT T T

LTI

B

—-LDR®1
--LIBC
--ATTA
--ETEL
——THCR
--DECA

--TEC_RC

——AHDA
——0BR
——XOBA

——HRHDRE

—5LA
—-FBA
--EKEQ
—BEST

END OF VHDL FILE FOR CONTROL UNIT (EXAMPLE 1)

MOUSA AL-QAWASMI
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. Set “PC_comb_ckt_examplel.vhd” as the top-level entity. You can do this by right-

clicking on “PC_comb_ckt_examplel.vhd” in the “Files” section of the project
navigator (located at the left of your Quartus Il window) and selecting “Set at Top-
Level Entity”.

. Start the compiler. Fix any errors and re-compile. Once the compiler compiles

without any errors, move to the next step.

. Create a symbol for your “PC_comb_ckt_example1.vhd” file. You can do this by right

clicking on “PC_comb_ckt_example1.vhd” in the “Files” section of the project
navigator (located at the left of your Quartus Il window) and selecting “Create Symbol
Files for Current File”.

. Create a new University Program VWF (File > New > University Program VWF).

. Simulate “PC_comb_ckt_example1.vhd” and make sure that your simulation results

match the results shown below.

. Save the VWF file as “PC_comb_ckt_examplel.vwf’ in your “Lab7” folder and take

screenshots of your code and your simulation results.

300.0ns

Cock

Resstn NI

RC 00000000

= 0000 ¥ 0111 % D000 X 00D 4 0000 ¥ D010 X 0000 % D00 % 000D 0010 0000
wr | 1 1 I 1 1
LD RC
SHL_Acc
SHR_Acc 1
Dec RC

12
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6. Control Unit (Example 2)

H Please follow the following instructions to implement the Control Unit for Example 2 (for
loop):

1. Create a new VHDL file in your “Lab7” project (File > New > VHDL File).

2. Type the following in the Text Editor and save file as “PC_comb_ckt_example2.vhd”:

1 library ieees

2 use iees. std legic 1164 .all:

2

4 entity PC comb ckt examplsl is

5 poct |

] Clock , Besetn in std_logic s

T BC : in std_logic_vector ( 7 downto 0):

B = ] std_logic_wvector (3 downto 0):

& Dec BC, LD BEl, LD BC, SHL Acc, SHE Acc : out std logic

it 17

11 end BC comb ckt examplel :

1z

13 architecture Behavier of PC_comb_ckt emamplel is

14 Type state type iz (=0, =1, =2, =3, =3, =5, =6, =7, =B, =5):
15 signal §y: state_type 7

l& signmal control sigmal std_logic wector (8 downto 017
17 signal Op: std_logic_wector (7 downte 01 = X"00":
18 begin

1& process  (Clock, Besetn)

20 begin

2L if (Besetn = '0') then

2Z ¥ <= sl

23 elsif {Clock "EVERT and Clock = "1") then

24 case y is

25 when =0 => y <= =l:

a8 when 51 => y <= =27

7 when 32 => y <= =37

28 when =53 =» y <= =4;

25 when =4 => y <= =5:

o when 55 => y <= =&

al when 56 => y <= =7;

3z when 57 => y <= =87

a3 when =B =»

s if (BC f= K"00") then

15 ¥ <= =Br

1] alze

a7 ¥ <= =B

a8 end ifs

& when =& =>»

au if (Besetn = '0") then

4l ¥ <= =07

L4 end ifs

43 end caseq

a4 end ifs

45 end process ;

4

47 process (7]

48 begin

45 case y is

Sb when s => Op <= X"0F": -- rest

5L when sl => Op <= X"01":; -- load zc §

52 when sZ2 => Op <= HX"0F"; -- rest

53 when 33 => Op <= K"00"; -- load zl 0

74 when 3¢ =» Op <= X"0E": -- zest

55 when 38 => Op <= K"07"; -- and

56 when 36 => Op <= X"M":; -- load zl =

57 when 57 => 0p <= HX"0F"; -- rest

58 when sB => Op <= X"0D":; -- [EC_RC, result = result + x
55 when 5% => Op <= H"0F":; -- when loop is done, rest
Bl end case:

g1

&2 caze Op is

£3 when X"0M" => control signal <= "0000L0000" ; --LIEL
64 when X"0l" => control sigmal <= "000LO0000™ ; --LDBC
£S5 when K"02" =* control_signal <= “00C0OO0L0" ; --RDDR
66 when X"03" = control_signal <= "00O0000011" ; --SOBR

CONTINUED ON NEXT PAGE

13
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when X"04" => control_signal "OOO00L00" ; ——IRCR
when K"053" => oontrol signal 00 000101l” 5 —-DECR
when K"0E6" => control_signal "RLO0r0r0T ¢ ——DEC_BC
when X"07" => control_signal "OR00LLLY i ——RHDA
when X"0B" => control_signal OO0 L000" ; —-0BR
when K"05" => ocontrol signal “OORO0LO0L” 5 --XOBR
"ORMOL0L0T ¢ —HRNDR

when K"0A" => oontrol_signal
when X"0B" => oontrol_signal
when XK"0C" => control_signal
when K"0D" => ocontrol_signal
when others => control signal

"OLO0DED" ; --3LE
" LD 0E0" ; —-ZBR
"OrLO00010™ ; ——BHEQ
"ORR0e0reT ¢ —BEST

NI I I I R

end process @

g <= oontrol sigmal (3 downto 0)F
LD Bl <= control sigmal (4):
LD BC <= comtrol_sigmal (517
Dec BC <= comtrol sigmal (6)F
SHL Rcc control_sigmal (T)s
SHE,

, Lo
Ao <= control sigmal (B):

end Behavior 5

END OF VHDL CODE FOR CONTROL UNIT (EXAMPLE 2)

14
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3. Set “PC_comb_ckt_example2.vhd” as the top-level entity. You can do this by right-
clicking on “PC_comb_ckt_example2.vhd” in the “Files” section of the project
navigator (located at the left of your Quartus Il window) and selecting “Set at Top-
Level Entity”.

4. Start the compiler. Fix any errors and re-compile. Once the compiler compiles
without any errors, move to the next step.

5. Create a symbol for your “PC_comb_ckt_example2.vhd” file. You can do this by right
clicking on “PC_comb_ckt example2.vhd” in the “Files” section of the project
navigator (located at the left of your Quartus Il window) and selecting “Create Symbol
Files for Current File”.

6. Create a new University Program VWF (File > New > University Program VWF).

7. Simulate “PC_comb_ckt_example2.vhd” and make sure that your simulation results
match the results shown below.

8. Save the VWF file as “PC_comb_ckt _example2.vwf” in your “Lab7” folder and take
screenshots of your code and your simulation results.

bps 4DD]Dns Sﬂ]P ns 1.0us
28

Cock

Rezzin

RC

00 05 I A @ 4 o % 00 % FF X 05
0000 ¥__0111 0000 I 0010 i

LD _Ai

LD RC

SHL Acc

SHR Acc

Dec_RC

15
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7. Final Design (Example 1)

H Please follow the following instructions to implement the Final Design (Example 1):

1. Create a new Block Diagram/Schematic File in your “Lab7” project (File > New >
Block Diagram/Schematic File).

2. Connect the components as shown in the Figure and save file as
“Lab7_examplel.bdf”:

g
e -
o S| Rersetn
: s
S ac e Clock & 0_R1
L —i . H HEL S
- — L e _tom | PR
i g
Qock | N Dec_RC &
HE Dec_RC a :
T
.................................. 3
=
o 3
: 'y :
I ; IS
a e
JE ) A3.0] -
PEE camb, chi exam pe 1 H Wiy LU Dpaded3. 0]
Clask e | Clnce #3.0] P 1391
Resein e oo D ARG | Dec AC
=
RC{7..0] LD_Ri Lo R -
LD_RC LD RC 5
SHL_Ac: SHL_Ace 5
SHR_Ace SHR_Acc 3
in=i1
TAEE
H =N
H a
Claek | e SHL_Ace
ck SHL_ACT
Resein SHR_Acc
el SHR_ACT ; -
T
=2
¢ inma

Output[7..0] A = SRR

16
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3. Set “Lab7_examplel.bdf” as the top-level entity. You can do this by right-clicking on

“‘Lab7_examplel.bdf” in the “Files” section of the project navigator (located at the left
of your Quartus Il window) and selecting “Set at Top-Level Entity”.

4. Start the compiler. Fix any errors and re-compile. Once the compiler compiles
without any errors, move to the next step.

5. Create a symbol for your “Lab7_examplel.bdf” file. You can do this by right clicking
on “Lab7_examplel.bdf” in the “Files” section of the project navigator (located at the
left of your Quartus Il window) and selecting “Create Symbol Files for Current File”.

6. Create a new University Program VWF (File > New > University Program VWF).

7. Simulate “Lab7_examplel.bdf” and make sure that your simulation results match the
results shown below.

8. Save the VWF file as “Lab7_examplel.vwf’ in your “Lab7” folder and take
screenshots of your code and your simulation results.

Pps -ﬂ)ﬂp ns SDD]D ns 10us
a8

Input

Clock
Resatn

Output

Simulation results for the average of 1, 2, 5, and 8. The result is 4.

17
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8. Final Design (Example 2)

H Please follow the following instructions to implement the Final Design (Example 2):

1. Create a new Block Diagram/Schematic File in your “Lab7” project (File > New >
Block Diagram/Schematic File).

2. Connect the components as shown in the Figure and save file as
“Lab7_example2.bdf”:

R Fipud i
e ] Clacs
o | Resein
R i
El :
=
E i R =
IR N Clack | LD _RI
B [ N LD_R1
: P T
H H ing H
Cack | . P oDec_RC [
— ol Des RS L2~ s [s]
C’? H
infia 5
............................................................... EY
=}
o T |
: W : :
- : S i
B & :
3..0]
BE Canh SR AT e *% ALU_Opeaded. 0]
Bk e Clack 3.0] P 4301
et | Resen D RE e Dea AC
=
RC{7..0] LD_Ri1 Lo A1 N
Lo_Re LD_RC i
SHL_Act SHL_Ace 5
SHR_Ace SHR Ace é
insil
e T
=)
H [ H
H a H
Clack i e {OSHL Ase
. SHL_ACC ; =
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3. Set “Lab7_example2.bdf’ as the top-level entity. You can do this by right-clicking on

“‘Lab7_example2.bdf” in the “Files” section of the project navigator (located at the left
of your Quartus Il window) and selecting “Set at Top-Level Entity”.

4. Start the compiler. Fix any errors and re-compile. Once the compiler compiles
without any errors, move to the next step.

5. Create a symbol for your “Lab7_example2.bdf” file. You can do this by right clicking
on “Lab7_example2.bdf” in the “Files” section of the project navigator (located at the
left of your Quartus Il window) and selecting “Create Symbol Files for Current File”.

6. Create a new University Program VWF (File > New > University Program VWF).

7. Simulate “Lab7_example2.bdf” and make sure that your simulation results match the
results shown below.

8. Save the VWF file as “Lab7_example2.vwf” in your “Lab7” folder and take
screenshots of your code and your simulation results.
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Simulation results for | =5 and x = 1. Result equals 6 after the for loop completes its iterations.

19



