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Assembly Language

Addresses:

Program:

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock O
Boot: 1E
put in
Program
Counter

ACCUMULA

ARITHMETIC &
LOGIC UNIT

i (ALU)
] OPCODE IN

Assembly Language

Addresses:

Program:

1 00 11010
OPC@DE IN E—C')_CK'_I oL 1020
02 10100
rY——— -
- FETCH CIRCUITRY | 82 18383
LOAD PROGRAMi 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS _ EXECUTE CONTROL] 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
OA 11000
PROGRAM COUNTHR|[ 0B 00010
0C 11011
QPAODE (QPERAND JUMP oD 11000
ADDRESS ADDRESS OE 10000
NBTRUCTION REGISTERS OF 00000
| —— 10 00000
™ [ 11
IINCRHWENTOR| 1
= s |
13
14
15
16 01110
-+ —— ==L ——— 1S 55107
: EXECUTE CIRCUITRY -
| | [ 18 00000
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__I._:I._._:I._._l_|. e = o B el
1C
1 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 1
Fetch 1E

(busses)

ACCUMULANOR

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

~
|

Assembly Language
Addresses: Program:
1 00 11010 Again: LOAD
(. SO 1 o1 {10110 cents
- o — 02 10100 JLT
‘1| 03 10111 nickel
i FETCH CIRCUITRY | ox 10000 Done:
LOAD PROGRAMI 05 01011 SUB
I INSTRUCTION COUNTER, 06 10111 nickel
. _REGISTERS __ EXECUTE CONTROL|
U ﬂ 07 H 11011 STOR
08 10110 cents
- . 09 H 11010 LOAD
I| 10000 : 0A 11000 count
=% = PROGRAM COUNTHR | FoB 100010 INC
0C 11011 STOR
QPGDODE (QPERAND JUMP oD 11000 count
ADDRESS ADDRESS OE 10000 IJMP
NSTRUCTIAN REGISTERS OF 00000 Again:
L 10 00000 Done: HALT
1 11
| INCREMENTOR | 1
— I - 13
14
15
A U VRO SURUR Tpovpemy . 16 01110 cents 14
17 00101 nickel 5
i EXECUTE CIRCUITRY | 6 00000 ~ount 0
i ACCUMULATOR 19
! INSTRUCFION REGISTERICONTROL - CONTROL _ ALU CONTROL MEM | 1A
e Rl e Eo e _|_| S r'_|—1E3
-{ 1C
1 1D .|
1E 10000 |quep 1|IMP I
1F H 00000 I[Again: i

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
0D
# unconditional jump to the address ‘Again:’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 2
Increment
Program
Counter
(busses)

ACCUMULA

Assembly
Addresses:

Language
Program:

i (ALU)
] OPCOD

E IN

ARITHMETIC &
LOGIC UNIT

~
|

T 00 11010
OPC@DE IN ELO'_CK'_I 01 10110
02 10100
T (o3 H 10111
: E
FETCH CIRCUITRY | 0a 10000
LOAD PROGRAM| [ ["05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExecUTE controy| [ 06 10111
T 07 H 11011
08 10110
, 09 H 11010
10000 0A H 11000
PROGRAM COUNTHR| [ oB 00010
0C 11011
QPEDDE QPERAND JUMP ] 0D 11000
ADDRESS  |ADDRESS M1z OE 10000
NBTRUCTION REGISTERS -9 OF 00000
| ——I"1"¥["10 |{ 00000
I_ l 11
INCREMENTOR | e
L S — |
01110
=T 17 00101
! EXECUTE CIRCUITRY ]
| | [ 18 00000
: ACCUMULATOR - [ 19
! INSTRUCITION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [ 1A
__I._:I._._:I._._H. e o i Ry el -
1C
LI\ 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SuUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
0D
# unconditional jump to the address ‘Again:’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 3
Fetch 1F

(busses)

ACCUMULANOR

Assembly Language
Addresses:

Program:

—— = |00 11010
OPCE@DE IN ELO'_CK'_I oL 1010
02 10100
- [T o3 10111
! E
FETCH CIRCUITRY | % 10000
LOAD PROGRAMl 05 0]_01_‘]_
INSTRUCTION COUNTER,
| REGISTER:S ELECUECOI\_IIRQLJ 06 10111
[T 07 11011
08 10110
e —— 09 11010
10000 I[ 00000 | 0A H 11000
=1 PROGRAM COUNTHR| [0OB 00010
oC 11011
QPADDE (PERAND JUMP oD 11000
ADDRESS  |ADDRESS OE 10000
''''''' B NSTRUCTIQIN REGISTERS OF 00000
ARITHMETIC &
LOGIC UNIT I—f N - — — —1 EE o
(ALU) | | INCREMENTOR | 3
. _OPCODEIN  __ —_—y —— = L
13
14
15
16 01110
wl4— -t —— L. M i
! EXECUTE CIRCUITRY :
| | 18 00000
: ACCUMULATOR 19
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
M It Ml Ml e '|'| T T =18
1C
1 1D
1E 10000
1E 00000

Again:

LOAD

cents

JLT

nickel

Done:

SuUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
0D
# unconditional jump to the address ‘Again:’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 4
Execute,
activate
opcode
(busses)

ACCUMULA

Assembly Language
Addresses:

Program:

ARITHMETIC &
LOGIC UNIT

i (ALU)
] OPCODE IN

R 00 11010
E_O._CK,_I 01 10110
" | = [0z {10100
rY——— =
. FETCH CIRCUITRY | gj 18&1)3
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. REGISTERs ___ ExecuTe controyfl [ 06 10111
i—ulN 07 H 11011
08 10110
: 09 H 11010
10000 00000 OA 11000
PROGRAM COUNTHRI [ oB 00010
0C 11011
ND - JUMP 0D H 11000
N REGIISTERS OF 00000
— 10 |H 00000
[ T
IINCRHWENTORl 17
= s |
13
14
15
—————————————————— 16 01110
17 00101
: EXECUTE CIRCUITRY -
| | 18 00000
' ACCUMULATOR 19
| INSTRUCFION REGISTER[CONTROL ~ CONTROL ALU CONTROL MEM | 1A
3 — == =t = _|_| e n Rl il ey
1C
1 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SuUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
0D
# unconditional jump to the address ‘Again:’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 5
Execute,
JMP
Again:
(busses)

ACCUMULA

Assembly Language
Addresses:

Program:

]

il
X === 4
. ARITHMETIC& |
| LogicuniT
| (ALU) I
i OPCODE IN 1

=== [00 H 11010
SO 1 o1 {10110
OPCRPE N | 5[02H toz00
- Y—— -
. FETCH CIRCUITRY | gj 183(1)3
LOAD PROGRAMl 05 01011
I INSTRUCTION COUNTER,
| REGISTERS EXECUTE CONTROLJ 06 10111
i—ulN 07 H 11011
08 H 10110
, 09 H 11010
10000 00000 0A H 11000
oUNTHR| [0 I 00010
0C H 11011
QPGDDE ( JUMP oD 11000
ADDRESS  ||ADDRESS oE I 10000
NSTRUCTIAN REGISTERS OF 00000
y —— 10 H 00000
I_ ! 11
|INCREMENTOR | 5
L _— e —
13
14
15
16 H 01110
Tl | R I 1 Fe oo
: EXECUTE CIRCUITRY :
| | 18 H 00000
- ACCUMULATOR 19
! INSTRUCJION REGISTER|JCONTROL CONTROL ALU CONTROL MEM I 1A
_-r'—:l'—'——m—'T| S O =
1C
1 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SuUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
0D
# unconditional jump to the address ‘Again:’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 6
Fetch 00

(busses)

ACCUMULANOR

Assembly Language
Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

— == [ooH 11010
I CLOCK 1 o1 H 10110
OPCEDE IN 02 H 10100
- [ 03 10111
. FETCH CIRCUITRY :
| Il oz H Too00
LOAD rrocramy | [08 |H 01011
I INSTRUCTION COUNTER, r
_ REGISTERS %CUECOI\_IIRQLJ OE) 10111
ITT o7 11011
08 H 10110
__dr - 09 H 11010
il 11010 : 0A H 112000
- — PROGRAM COUNTHR| [ 0B 00010
0C H 11011
dPdDDE  (PERAND JUMP oD H 11000
ADDRESS  |ADDRESS 0E 10000
NSTRUCTIQIN REGISTERS OF 00000
m — 10 H 00000
F' L 11
|INCREMENTOR | 5
L —_— e —
13
14
15
16 H 01110
ol 4—— .- — L. 1 Fsoren
\ EXECUTE CIRCUITRY :
I | 18 H 00000
: ACCUMULATOR 19
! INSTRUCI'ION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
T =TT O ]‘| T T =18
1C
21\ 1D
1E H 10000
1F H 00000

Again:

LOAD |i

cents ]

'Jn- - oo

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 7
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

— 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
r-— [ 03 10111
| E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
11010 0A 11000
PROGRAM COUNTHR|[ oB 00010
0oC 11011
QPGODE QPERAND JUMP = oD 11000
ADDRESS  |ADDRESS iF oo OE 10000
NETRUCTIQN REGISTERS - OF 00000
| ———1" 20 H_00000
F' 1 11
INCREMENTOR | 17
= —_— — — ]
01110
=71 17 00101
] EXECUTE CIRCUITRY .
| | 18 00000
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
1 1D
1E 10000
1F 00000

Again:

LOAD |i

cents ]

'Jn- -

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 8
Fetch 01

(busses)

ACCUMULA

i (ALU)
] OPCODE

ARITHMETIC &
LOGIC UNIT

N

——= [00 H 11010 :
SO 1 o 10110 I
e S - [[02 | 10700 j¢==p
[ 1| 03 H 10111
- FETCH CIRCUITRY | I
'] 04 H 10000
LOAD PROGRAIVII 05 01011 -<
| INSTRUCTION COUNTER, - -<
. REGISTERS __ ExecuTE controy | [ 06 10111 =
T 07 11011
| ¢
08 10110 -‘
— 09 |- 11010 |¢m=s <
11010 | 10110 0OA H 11000
-—= ' PROGRAM COUNTER | [oB 1 50010 |damb,
S ¢
0C H 11011
QrPdbDE QPERAND | JuMP 5 L 11000 ldamd.
ADDRESS  |ADDRESS SE L 10000 ldamb,
NETRUCTIAN REGISTERS 51 50000 damb.
10 00000 .
M 1 11 -
| INCREMENTOR | ]
K 12
e -
13
|
14
15 —
|
16 | 01110 |Gum
wl4— - - — L. 1 Froso
: EXECUTE CIRCUITRY .
| | [ 18 H 00000 -
|
| ACCUMULATOR - | 19 -
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM | | 1A
|
1C
|
1 1D =
1E 10000 o
1F 00000

Assembly Language

Addresses:

Program:

Again:

LOAD |i

cents ]

'Jn- -

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 9
Execute,
activate
opcode
(busses)

ACCUMULA

11010

Assembly Language
Addresses:

Program:

ARITHMETIC &
LOGIC UNIT

i (ALU)
] OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

===

N REGISTERS

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 01110
17 H 00101
EXECUTE CIRCUITRY i 75 1M 00000
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD |i

cents ]

'Jn- - oo

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Assembly Language

Addresses: Program: Explanation Hex
_— \ . v
— 7 100 H 11010 l Again: [J|LOAD Il [# copy the value at ‘cents’ to the Accumulator 00
Execute, ol L Ec,)_CKTJ 01 H 10110 =:: I[cents | 01
LOAD I_ L 02 H 10100 -{' TIET= =7 # if the value at ‘nickel’ is less than the Accumulator then 02
o A— — | . _ : .
(bcents ) © FETCH CIRCUITRY | 82 18(1)(1)3 = ggﬁl‘ # jump to the address ‘Done: 82
usses . 1 :
INST;%ACI%ON PcRooanTTAEI\QI 05 H 01011 =:= SUB # subtract the value at ‘nickel’ from the Accumulator 05
| REGISTERS  ExecuTE controylll| 06 H 10111 nickel # and put the result back into the Accumulator 06
ACCUMULATOR —IT T 07 H 11011 =) STOR # copy the value in the Accumulator to ‘cents’ 07
08 H 10110 cents 08
—_— e , 09 H 11010 -" LOAD # copy the value at address ‘count’ to the Accumulator 09
H 01110 11010 10110 _ OA H 11000 ::: count 0A
Rk 5wl PROGRAM COUNTER("oB H 00010 - INC # add 1 to the Accumulator 0B
11 0C H 11011 -{' STOR # copy the value in the Accumulator to ‘count’ oC
QPGODE (QPERAND JUMP oD H 11000 count oD
, {POgES>  |ADDRESS OE [H 10000 . JMP # unconditional jump to the address ‘Again:’ OE
!' Al;l:H;\/I;T;C_&. ) NSTRUQTI( REGISTERS OF K 00000 =:' Again: OF
| 10 H 00000 Done: HALT # stop the processor — end of program 10
) LOGIC UNIT =M I— 11 I« 11
| (ALU) I | INCREMENTOR | ¥
+ . _OPCODEIN_, __ ] 12 - = 12
13 H - 13
—d 7 1‘51
1 16 H 01110 |¢uep cents | [14 # variable -- the name ‘cents’ is the address and 14 is the value 16
1T . TR T 1 [17H oo0101 nickel 5 # variable -- the name ‘cents’ is the address and 5 is the value 17
: EXECUTE CIRCUITRY - . - .
| | | 18 H 00000 = count 0 # variable -- the name ‘count’ is the address and 0 is the value 18
i ACCUMULATOR | 19 - 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ALU CONTROL MEM ! [ 1A |- 1A
|
1C 1C
1D H : 1D
1E H 10000 o JMP # unconditional jump to the address ‘Again’’ 1E
1F H 00000 Again: 1F




Clock 11
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

Y 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
rY——— -
- FETCH CIRCUITRY | 82 18333
LOAD PROGRAMi 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
OA 11000
PROGRAM COUNTHR|[ oB 00010
0C 11011
QPAODE (QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il oo OE 10000
NEBTRUCTIAN REGISTERS alr ! OF 00000
| ———1" 20 H_00000
™ [ 11
INCREMENTOR | 17
L S — |
01110
=T 17 00101
! EXECUTE CIRCUITRY ]
| | [ 18 00000
: ACCUMULATOR - [ 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
LI\ 1D
1E 10000
1F 00000

Again:

LOAD

LCANS. — d

LT I

nickel  |i

Done: I

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Assembly Language
Addresses:

Program:

ClOCk 12 — — 00 11010
Fetch 02 orcllse COCK 1 o1 4 o110
N 02 10100
- T [ 03 10111
. FETCH CIRCUITRY -
(busses) I I Og Lo
LOAD PROGRAMI OE) 01011
I INSTRUCTION COUNTER, r
| REGISTERS %CUECOI\_IIRQLJ OE) 10111
ACCUMULATIOR =T | ﬂ 07 H 11011
08 10110
01110 Il 10100 : 0A 11000
- — PROGRAM COUNTHR| [ 0B 00010
oC 11011
QPADDE QPERAND JUMP oD 11000
ADDRESS  |ADDRESS OE 10000
[ = — — " "~ NETRUCTIAN REGISTERS OF 00000
- ARITHMETIC &
| LoGicuniT MM 1 12 =
| (ALU) | INCREMENTOR |
.___ . _OPCODEIN . — —_— 12
13
14
15
16 01110
vl 4 ——r——L._—_ s —
] EXECUTE CIRCUITRY .
| | 18 00000
: ACCUMULATOR 19
! INSTRUCI'ION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
M S B Rl e '|'| T T~ =418
1C
1 1D
1E 10000
1F 00000

Again:

LOAD

LCANS. —

LT I

nickel  |i

Done: ]

'w? - oo

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 13
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

— 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
r-— [ 03 10111
| E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
10100 0A H 11000
PROGRAM COUNTHR|[ oB 00010
0oC 11011
QPGODE QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il oo OE 10000
NETRUCTIQN REGISTERS - OF 00000
| ———1" 20 H_00000
I_ 1 11
INCREMENTOR | 17
= —_— — — ]
01110
=71 17 00101
] EXECUTE CIRCUITRY .
| | 18 00000
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__I._:I._._:I._._l_|. e = o B el
1C
21\ 1D
1E 10000
1F 00000

Again:

LOAD

LCANS. — d

LT I

nickel  |i

Done: I

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 14
Fetch 03

(busses)

ACCUMULA

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

——== [o0 H 11010 :
COCK | 57 70110 ¢y
OPC@DE IN = o I {
- Y—— b
' FETCHCIRCUITRY || |-93 204
'] 04 H 10000
LOAD PROGRAI\/II 05 01011 -<
| INSTRUCTION COUNTER, - -<
. REGISTERS __ ExecuTE controy | [ 06 10111 =
T 07 11011
| ¢
08 10110 -<
— 09 |- 11010 |¢m=s <
10100 | 10111 0OA H 11000
- ! PROGRAM COUNTER | [oB 1 50010 |damb,
- ¢
oC H 11011
QrPdbDE QPERAND | JuMP 5 L 11000 ldamd.
ADDRESS  |ADDRESS SE L 10000 ldamb,
NETRUCTIAN REGISTERS 51 50000 damb.
10 00000 .
M 1 11 -
|INCREMENTOR | ]
K 12
e -
13
14 —
15 —
|
16 | 01110 |G
vl i+ ——r - —-L_._._ 1 Fsoren
: EXECUTE CIRCUITRY .
| | [ 18" H 00000 -
|
| ACCUMULATOR - | 19 -
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM | | 1A
|
1C
|
1 1D =
1E 10000 o
1F 00000

Assembly Language

Addresses:

Program:

Again:

LOAD

LCANS. — d

LT I

nickel  |i

Done: I

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 15
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

— == [o0 H 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 H 10100
T |03 H 10111
. FE
FETCH CIRCUITRY || Foa1-Iica0e
LOAD PROGRAM| | [ 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 H 10110
: 09 H 11010
10100 || 10111 OA 11000
PROGRAM COUNTAR | [oe 100010
0oC H 11011
QPADDE  (PERAND JUMP - 0D H 11000
ADDRESS  |ADDRESS T OE I 10000
NSTRUCTIAN REGISTERS —T OF 00000
y e 10 H 00000
[ " 11
INCREMENTOR | >
L _— e —
01110
=7 17 H 00101
: EXECUTE CIRCUITRY :
| | [ 18 H 00000
: ACCUMULATOR - [ 19
! INSTRUCJION REGISTER[CONTROL CONTROL ALU CONTROL MEM ] 1A
__[._:I._._:I._._H. = - = e
1C
71\ 1D
1E [H 10000
1F H 00000

Again:

LOAD

LCANS. — d

LT I

nickel  |i

Done: I

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 16
Fetch 04

(busses)

ACCUMULA

ARITHMETIC &
LOGIC UNIT

i (ALU)
] OPCODE IN

IR === [o0 H 11010 l
CLOCK | 5T {10110 ¢y
OPgPEN 02 H 10100 =::
- [ o3 H 10111
. FETCH CIRCUITRY
I\ 04 10000
LOAD PROGRAM [y
INSTRUCTION COUNTERI "3 e -<
. REGISTERS ___ ExecuTE controy | [ 06 10111 =
— ] 07 - 11011 |4==p
08 10110 -‘
| oo an\gin e o 09 11010 -‘
10100 10111 |i| 10000 | 0A 11000
=1 | PrOGRAM COUNTER| 0BT 00010 Idambd,
- ¢
oC H 11011
QrPdbDE QPERAND | JuMP 5 L 11000 ldamd.
ADDRESS  |ADDRESS SE L 10000 ldamb,
NETRUCTIAN REGISTERS 51 50000 damb.
10 00000 -
M 1 11 -
|INCREMENTOR | 5 T
— —— ]
13
]
14
|
15 =
16 | 01110 |G
vl i+ ——r - —-L_._._ 1 Fsoren
. EXECUTE CIRCUITRY .
| | 18 |H 00000 |
|
i ACCUMULATOR 19 -
! INSTRUCIIION REGISTER CONTROL CONTROL ALU CONTROL IVIEI\/I I 1A
L]
1C
]
1 1D =
1E 10000 o
1F 00000

Assembly Language

Addresses:

Program:

Again:

LOAD

LCANS. —

JLT

nickel

Done:

'w? - oo

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 17
Execute,
activate
opcode
(busses)

ACCUMULA

Assembly Language
Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

N REGISTERS

===

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
10000 0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 01110
17 H 00101
EXECUTE CIRCUITRY i 75 1M 00000
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD

LCANS. —

LT I

nickel  |i

Done: ]

'w? - oo

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 18
Execute,
JLT
nickel
(busses)

ACCUMULANOR

01110

14 <

5

this is false so
no further
action is done

Assembly Language
Addresses: Program:
T 00 11010 Again: LOAD
. EC.)_CKTJ 01 H 10110 Jeans — 1
| =[02{ 10100 1oLt I
o o3 H 10111 I[nickel |1
. FETCHCIRCUITRY: 1} =521 70000 I[Done: |1
LOAD PROGRAMI 05 01011 "SUB- - -
I INSTRUCTION COUNTER, ;
. _REGISTERS _ EXECUTE_ CONTROL| 06 10111 nickel
LN 07 H 11011 STOR
08 10110 cents
, 09 H 11010 LOAD
10100 10111 10000 OA 11000 count
PROGRAM COUNTHR| 0B 00010 INC
0C 11011 STOR
QPADODE (QPERAND JUMP oD 11000 count
ADDRESS ADDRESS OE 10000 IJMP
NSTRU(QTIAN REGISTERS OF 00000 Again:
y 10 00000 Done: HALT
[ 11
| INCREMENTOR | 17
L S — |
13
—— | 14
1 16 01110 cents | [14
=71 = ] o ey RN 00101 nickel | [5
: EXECUTE CIRCUITRY - :
| | [ 18 00000 count 0
i ACCUMULATOR - 119
! INSTRUCFION REGISTER[CONTROL CONTROL ALU CONTROL MEM ! [ 1A
—_I'_J'_'_:r_'_H'T'_' s Rl
1C
1D
1E 10000 JMP
1F 00000 Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 19
Increment
Program
Counter
(busses)

ACCUMULA

Assembly
Addresses:

Language

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

Y 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
T ~[[o3H 10111
: E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAM| [ ["05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
OA 11000
PROGRAM COUNTHR|[ oB 00010
0C 11011
QPAODE (QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il oo OE 10000
NETRUCTIQIN REGISTERS alr OF 00000
| ———1" 20 H_00000
™ [ 11
INCREMENTOR | 17
L S — |
01110
=T 17 00101
! EXECUTE CIRCUITRY ]
| | [ 18 00000
: ACCUMULATOR - [ 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__I._:I._._:I._._l_|. e = o B el
1C
LI\ 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

LRone. o

SUB

nickel

'ﬁm- -

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 20
Fetch 05

(busses)

ACCUMULANOR

01110

Assembly Language
Addresses:

Program:

ARITHMETIC &
LOGIC UNIT

i (ALU)
] OPCODE IN

=== [o0 H 11010
i SLOCKl o1 10110
G J— ~— 02 H 10100
-1[ 03 H 10111
i FETCH CIRCUITRY || Foa1-Iica0e
LOAD PROGRAMI 0‘: 01011
I INSTRUCTION COUNTER, OE) 10111
L3 REGISTERS __ EXECUTE CONTROL|
ITT 07 11011
08 H 10110
- i P 09 H 11010
I| 01011 0OA H 11000
-—=F = PROGRAM COUNTHR| [ 0B 00010
oc H 11011
QPUDDE QPERAND JUMP ob H 11000
ADDRESS  |ADDRESS oE I 10000
NSTRUCTIAN REGISTERS OF 00000
L 10 H 00000
1 11
| INCREMENTOR | >
b Salails 13
14
15
I_ e mmle s e b e e—— o el ¢ . e . ) E— o E— o E— . .I 16 01110
17 H 00101
i EXECUTE CIRCUITRY i l
: ACCUMULATOR 19
I INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
S == == _r| g ==
1 -
1 1D
1E [H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

LDone. o L

SuB__ |

nickel [

'ﬁm - oo

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 21
Increment
Program
Counter
(busses)

ACCUMULA

Assembly
Addresses:

Language

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

— 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
r-— [ 03 10111
| E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAM| [ ["05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
01011 0A 11000
PROGRAM COUNTHR|[ oB 00010
0oC 11011
QPGODE QPERAND JUMP = oD 11000
ADDRESS  |ADDRESS iF oo OE 10000
NETRUCTIQN REGISTERS - OF 00000
| ———1" 20 H_00000
I_ 1 11
INCREMENTOR | 17
= —_— — — ]
01110
=71 17 00101
] EXECUTE CIRCUITRY .
| | 18 00000
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
1 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

LRone. o

SUB

nickel

'ﬁm- -

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 22
Fetch 06

(busses)

ACCUMULA

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

=== [00 H 11010 :
COCK | 57 70110 ¢y
i S 02 H 10100 =::
T —
' FETCHCIRCUITRY ||| 2041 (=P
'l 04 H 10001
LOAD PROGRAI\/II 05 01011 -{'
I INSTRUCTION COUNTER,
. REGISTERS ___ EXECUTE conTroy| [ OB 10111
T 07 11011
| -4
08 10110 -‘
— 4 09 - 11010 |deep
01011 J[ 10111 0OA H 11000
== ! PROGRAM COUNTER | [oB 1 50010 |damb,
- q
oC H 11011
QrdbDE QPERBND | JumP o L 11000 ldammb
ADDRESS  |ADDRESS SE L 10000 ldamb,
NSTRUCTION REGISTERS 1 50000 lamb
10 00000 -
i =1 [ —
|INCREMENTOR | m
HEIEE
SN -
13
|
14
|
15 —
16 - 01110 |gmm
ol 4—— .- — L. el
: EXECUTE CIRCUITRY -
| | [ 184 00000 -
|
| ACCUMULATOR - | 19 -
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM | | 1A
|
1C
1D -
N -
1E 10000 o
1F 00000

Assembly Language

Addresses:

Program:

Again:

LOAD

cents

JLT

nickel

LRone. o

SuB__ |

nickel I

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 23
Execute,
activate
opcode
(busses)

ACCUMULA

Assembly Language
Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

N REGISTERS

===

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 01110
17 H 00101
EXECUTE CIRCUITRY i 75 1M 00000
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

LDone. o L

SuB__ |

nickel [

'ﬁm - oo

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 24
Execute,
SUB
Nickel
(Part 1)
(busses)

ACCUMULANOR

01110

Assembly Language
Addresses: Program:
1 00 11010 Again: LOAD
. EC.)_CKTJ 01 H 10110 cents
| =[02{ 10100 T
T “[[ 03 H 10111 nickel
. FETCH CIRCUITRY
Il "2 1H zoooo Joone —
LOAD PROGRAMI 05 01011 ' SUB |'
I INSTRUCTION COUNTER, ;
. REGISTERs___ExecuTe controyyfl [ 06 10111 I nickel L
—IT 07 H 11011 TSTOR— T
08 10110 cents
, 09 H 11010 LOAD
01011 10111 OA 11000 count
PROGRAM COUNTHRI [ oB 00010 INC
0C 11011 STOR
QPGDODE (QPERAND JUMP oD 11000 count
ADDRESS ADDRESS OE 10000 IJMP
NSTRUCTI@AN REGISTERS OF 00000 Again:
y 10 00000 Done: HALT
[ 11
| INCREMENTOR | 17
L S — |
13
—— | 14
1 16 01110 cents | [14
=71 = ] o ey RN 00101 nickel | [5
: EXECUTE CIRCUITRY . -
| | [ 18 00000 count 0
i ACCUMULATOR - 119
! INSTRUG[FION REGISTER[CONTROL CONTROL ~ ALU CONTROL MEM ! [T1A
__[._J._._:I._._H.T._. M — =_5G
1C
1D
1E 10000 JMP
1F 00000 Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 25
Execute,
SUB
Nickel
(Part 2)
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

\s]

=== [00 H 11010
SO 1 ot H 70110
OPCEPEN | = [02 4 10100
- Y—— —
. FETCH CIRCUITRY | gj 18(1)(1)3
LOAD PROGRAMi 05 01011
I INSTRUCTION COUNTER,
. REGISTERs___ExecuTe controyyfl [ 06 10111
LN 07 H 11011
08 H 10110
, 09 H 11010
01011 || 10111 OA H 11000
PROGRAM COUNTHR| 0B - 00010
0C H 11011
QPGODE (QPERAND JUMP oD 11000
ADDRESS ADDRESS OE 10000
NSTRUCTIAN REGISTERS OF 00000
y —— 10 H 00000
[ " 11
| INCREMENTOR | 17
L S — |
13
14
15
16 H 01110
vl i+ ——r - —-L_._._ 1 Fe oo
: EXECUTE CIRCUITRY :
| | [ 18" H 00000
: ACCUMULATOR - [ 19
! INSTRUCJION REGISTER[CONTROL CONTROL ALU CONTROL MEM ] 1A
__I._:I._._:I._._H. e o e Rl =
1C
1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

LRone. o

SuB__ |

nickel I

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 26
Increment
Program
Counter
(busses)

ACCUMULA

Assembly
Addresses:

Language
Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

Y 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
T ~[[o3H 10111
: E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAM| [ ["05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
OA 11000
PROGRAM COUNTHR|[ oB 00010
0C 11011
QPAODE (QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il oo OE 10000
NETRUCTIQIN REGISTERS alr OF 00000
| ———1" 20 H_00000
™ [ 11
INCREMENTOR | 17
L S — |
01110
=T 17 00101
! EXECUTE CIRCUITRY ]
| | [ 18 00000
: ACCUMULATOR - [ 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__I._:I._._:I._._l_|. e = o B el
1C
LI\ 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

Lnickel —

STOR |I

[LOAD = 7

cents ]

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 27
Fetch 07

(busses)

ACCUMULANOR

01001

Assembly Language
Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

——= [00 H 11010
i SO 1 Mot H 10110
“ 02 H 10100
o [ 03 H 10111
. FETCH CIRCUITRY
| |02 H 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. REGISTERS ___ ExecUTE controy | [ 06 10111
=T | ﬂ . 11011
08 H 10110
_0rC : 09 H 11010
I| 11011 0A 11000
-— =0 = PROGRAM COUNTHR| [ 0B 00010
oC H 11011
QPJDDE QPERAND | JUMP ob H 11000
ADDRESS  |ADDRESS 0E H 10000
NETRUCTIAN REGISTERS oF 00000
L - 10 H 00000
™ [ 11
|INCREMENTOR | 5
L S — |
13
14
15
16 H 01110
vl i+ ——r - —-L_._._ 1 Fe oo
: EXECUTE CIRCUITRY :
| | [ 18" H 00000
: ACCUMULATOR - [ 19
! INSTRUC|ION REGISTER|CONTROL CONTROL ALU CONTROL MEM 1 1A
‘;j--_-':j._-._-;:J-__.]W. e o e Rl =
1C
LI\ 1D
1E H 10000
1F H 00000

Again: LOAD

cents

JLT

nickel

Done:

SUB

Lnickel —

STOR

cents

[LOAD = 7

count

INC

STOR

count

JMP

Again:

Done: HALT

cents 14

nickel 5

count 0

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 28
Increment
Program
Counter
(busses)

ACCUMULA

Assembly
Addresses:

Language
Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

— 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
r-— [ 03 10111
| E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
11011 0A 11000
PROGRAM COUNTHR|[ oB 00010
0oC 11011
QPGODE QPERAND JUMP = oD 11000
ADDRESS  |ADDRESS iF o1 OE 10000
NETRUCTIQN REGISTERS - OF 00000
| ———1" 20 H_00000
I_ 1 11
INCREMENTOR | 17
= —_— — — ]
01110
=71 17 00101
] EXECUTE CIRCUITRY .
| | 18 00000
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
1 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

Lnickel —

STOR |I

[LOAD = 7

cents ]

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 29
Fetch 08

(busses)

ACCUMULA

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

——== [o0 H 11010 :
CLOCK | o1 |1 10110 |demmy
OPC@DE IN =T T = o I {
r—— == - — -4'
| FETCH CIRCUITRY || f o (=0
LOAD PROGRAIVIi 05 01011 -{'
| INSTRUCTION COUNTER, -4'
. _REGISTERS __  EXECUTE conTroy| | 06 10111 .
T W 07 11011
08 H 10110
_ N = 09 H 11010
11011 | 10110 ' 0OA H 11000 —
- ' PROGRAM COUNTER | [oB 1 50010 |damb,
0C H 11011 |¢==p
QrPdbDE QPERAND | JuMP 5 L 11000 ldamd.
ADDRESS  |ADDRESS SE L 10000 ldamb,
NETRUCTIAN REGISTERS 51 50000 damb.
10 00000 .
M 1 11 -
|INCREMENTOR | 5 ]
3| |[1 -
|
14
|
15 =
16 | 01110 |G
vl i+ ——r - —-L_._._ 1 Fsoren
: EXECUTE CIRCUITRY -
| | [ 18" H 00000 -
|
| ACCUMULATOR - | 19 -
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM | | 1A
|
1C
|
1 1D =
1E 10000 o
1F 00000

Assembly
Addresses:

Language

Program:

Again:

LOAD

cents

JLT

nickel

Done:

SUB

Lnickel —

STOR

cents

[LOAD = 7

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 30
Execute,
activate
opcode
(busses)

ACCUMULA

11011

Assembly Language

Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

N REGISTERS

===

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 01110
17 H 00101
EXECUTE CIRCUITRY i 75 1M 00000
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

Lnickel o L

STOR

cents

[LOAD = T

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

14

nickel

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Assembly Language
Addresses: Program: Explanation Hex
N\ v
Clock 31 A - 00 11010 l Agai LOAD # th I t ‘cents’ to the A lat 00
B — gain: copy the value at ‘cents’ to the Accumulator
Execute, ol L Ec.)_CKTJ 01 H 10110 =:: cents 01
STOR I_ L 02 H 10100 -{' JLT # if the value at ‘nickel’ is less than the Accumulator then 02
o A— — | . _ : .
cents © FETCH CIRCUITRY | 03 10111 = nickel # jump to the address ‘Done: 03
(busses) Il 04 H 10000 -" Done: 04
INST;%ACI%ON PcRooanTTAEI\QI 05 H 01011 - {' SUB # subtract the value at ‘nickel’ from the Accumulator 05
! REGISTERS _ EXECUTE conTroyy| | 06 [H 10111 = <hickel _ 1 |# and put the result back into the Accumulator 06
ACCUMULA | T ]_ 07 H 11011 -{' IISTOR [l # copy the value in the Accumulator to ‘cents’ 07
08 H 10110 = I|cents h 08
, 09 H 11010 -{' TLOAD = T |# copy the value at address ‘count’ to the Accumulator 09
01001 11011 10110 _ OA H 11000 -{' count OA
! PROGRAM COUNTARI 0B |H 00010 - INC # add 1 to the Accumulator 0B
& | — copy the value in the Accumulator to ‘coun
il oC 11011 STOR # th lue in the A lator to ° t oC
I | — QPGODE @PERAND JUMP oD H 11000 =:= count oD
, ADD 55 ADDRESS OE H 10000 JMP # unconditional jump to the address ‘Again’’ OE
= - = ) NEBTRUTI( REGISTERS OF K 00000 -" Again: OF
- RLTALGIENIC | 10 H 00000 ) Done: HALT # stop the processor — end of program 10
LOGIC UNIT MMM . L
. 11 11
| (ALU) I | INCREMENTOR | <
+ . _OPCODEIN_, __ ] 12 - = 12
13 13
L
| 14 |- — 14
i gl_ (als emp emp e .;-‘ 15
1 16 H{ 01001 |dmm) cents | |9 # variable -- the name ‘cents’ is the address and 14 is the value 16
b AT T—— . e — . - L — o ) _ : — : — i
_ EXECUTE CIRCUITRY 117 goror = nickel 5 # var!able the name ‘cents’ |.s the address and 5 |.s the value 17
| | | 18 H 00000 = count 0 # variable -- the name ‘count’ is the address and O is the value 18
i ACCUMULATOR " | 19 - 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ALU CONTROL MEM ! [ 1A |- 1A
|
1C = 1C
1D - 1D
1E H 10000 o JMP # unconditional jump to the address ‘Again’’ 1E
1F H 00000 Again: 1F




Clock 32
Increment
Program
Counter
(busses)

ACCUMULA

i (ALU)
] OPCODE

ARITHMETIC &
LOGIC UNIT

N

Assembly Language

Addresses:

Program:

Y 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
rY——— -
- FETCH CIRCUITRY | 82 18333
LOAD PROGRAMi 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
OA 11000
PROGRAM COUNTHR|[ oB 00010
0C 11011
QPAODE (QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il o1 OE 10000
NEBTRUCTIAN REGISTERS alr ! OF 00000
| — 10 |H 00000
™ [ 11
INCREMENTOR | 17
L S — |
01001
=T 17 00101
! EXECUTE CIRCUITRY ]
| | [ 18 00000
: ACCUMULATOR - [ 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
LI\ 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

LCANS, — o

LOAD

count

'Im- -

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 33
Fetch 09

(busses)

ACCUMULANOR

01001

Assembly Language

Addresses:

Program:

i (ALU)
] OPCODE

ARITHMETIC &
LOGIC UNIT

N

——= [00 H 11010
i SO 1 Mot H 10110
“ 02 H 10100
o [ 03 H 10111
. FETCH CIRCUITRY
| Il ™02 |H 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. REGISTERS ___ ExecUTE controy | [ 06 10111
=T | ﬂ 07 H 11011
08 H 10110
- [ 9+ 11010
I| 11010 0OA H 11000
-l = PROGRAM COUNTHR| [ 0B 00010
oC H 11011
QPJDDE QPERAND | JUMP oD H 11000
ADDRESS  |ADDRESS OE 10000
NETRUCTIAN REGISTERS oF 00000
L - 10 H 00000
™ [ 11
| INCREMENTOR | 17
L S — |
13
14
15
16 H 01001
vl i+ ——r - —-L_._._ 1 F1 b oomer
: EXECUTE CIRCUITRY :
| | [ 18" H 00000
: ACCUMULATOR - [ 19
! INSTRUC|ION REGISTER|CONTROL CONTROL ALU CONTROL MEM 1 1A
_;j.._._:j.__.__;:J.__.]W. e o e Rl =
1C
1 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

LCANS, — o

LOAD |I

count ]

'Im- -

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 34
Increment
Program
Counter
(busses)

ACCUMULA

i (ALU)
] OPCODE

ARITHMETIC &
LOGIC UNIT

N

Assembly Language

Addresses:

Program:

— 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
r-— [ 03 10111
| E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
11010 0A 11000
PROGRAM COUNTHR|[ oB 00010
0oC 11011
QPGODE QPERAND JUMP = oD 11000
ADDRESS  |ADDRESS iF o1 OE 10000
NETRUCTIQN REGISTERS - OF 00000
| — 10 H 00000
I_ 1 11
INCREMENTOR | 17
= —_— — — ]
01001
=71 17 00101
] EXECUTE CIRCUITRY .
| | 18 00000
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
1 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

LCANS, — o

LOAD

count

'Im- -

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 35
Fetch OA

(busses)

ACCUMULA

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

——= [00 H 11010 :
CLOCK | o1 |1 10110 |demmy
OPC@DE IN =T T = o I {
r—— == - — -4'
| FETCH CIRCUITRY || f o (=0
LOAD PROGRAIVIi 05 01011 -{'
| INSTRUCTION COUNTER, -4'
. _REGISTERS __  EXECUTE conTroy| | 06 10111 .
T W 07 11011 =)
08 10110 -{'
— 09 H 11010
11010 | 11000 0A H 11000
- ! PROGRAM COUNTHR| [ 0B 00010
0C H 11011 |¢==p
QrPdbDE QPERAND | JuMP 5 L 11000 ldamd.
ADDRESS  |ADDRESS SE L 10000 ldamb,
NETRUCTIAN REGISTERS 51 50000 damb.
10 00000 .
M 1 11 -
| INCREMENTOR | 5 ]
3| |[1 -
|
14
15 -
|
16 |- 01001 |Gum
wl4— - - — L. 1 Footen
: EXECUTE CIRCUITRY -
| | [ 18 H 00000 -
|
1 ACCUMULATOR - | 19 -
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM | | 1A
|
1C
|
1 1D =
1E 10000 o
1F 00000

Assembly Language

Addresses:

Program:

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

LCANS, — o

LOAD |I

count ]

'Im- -

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 36
Execute,
activate
opcode
(busses)

ACCUMULA

11010

Assembly Language
Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

N REGISTERS

===

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 01001
17 H 00101
EXECUTE CIRCUITRY i 75 1M 00000
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

LCANS. =

LOAD |I

count ]

'Im- - oo

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Assembly Language
Addresses: Program:
\ )
Clock37 &1 == 00 H 11010 l Again: | [LOAD
T In:
Execute, ol iLc.)_CKT_' 01 H 10110 =:: cents
LOAD | =[02{ 10100 —> ILT
Y = _
count ' FETCH CIRCUITRY | 03 10111 = nlckel.
(busses) g1 04 10000 -{' Done:
LOAD PROGRAMI 05 01011 SUB
| INSTRUCTION COUNTER, -4' _
. _REGISTERS __ EXECUTE conTroy| | 06 10111 = nickel
ACCUMULATIOR —IT T 07 H 11011 =) STOR
08 |H 10110 “ecents. — L
L
- . 09 H 11010 -{= IILOAD |i
{00000 11010 |[[ 11000 0A H 11000 I count h
- - ! PROGRAM COUNTHRI [ oB 00010 =:= INC™ — T
11, 0C H 11011 STOR
QPQDDE QPERAND | JuMmP 55 1 17000 ldamb. oUnT
ADDRESS  ADDRESS SE L 10000 damb, VP
(= — NETRUQTIAN REGISTERS =l =<l Again
- ARITHMETIC & ! :
! LOGIC UNIT 9 — 12 00000 = Done: HALT
| (ALV) | INCREMENTOR | <
._ _ _OPCODEIN_ . R 12 =
13 =
—
— <
| 16 H 01001 =: cents | |9
=71 = ] o ey 1 [17 H oo101 nickel | [5
: EXECUTE CIRCUITRY :
| | | 18} 00000 [quup count | |O
i ACCUMULATOR | 19 -
! INSTRUCJION REGISTER[CONTROL CONTROL ALU CONTROL MEM ] 1A
L
1C
1D :
1E |- 10000 |G JMP
1F 00000 Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 38
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

Y 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
T ~[[o3H 10111
: E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAM| [ ["05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
OA 11000
PROGRAM COUNTHR|[ oB 00010
0C 11011
QPAODE (QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il o1 OE 10000
NETRUCTIQIN REGISTERS alr OF 00000
| ———1" 20 H_00000
™ [ 11
INCREMENTOR | 17
L S — |
01001
=T 17 00101
! EXECUTE CIRCUITRY ]
| | [ 18 00000
: ACCUMULATOR - [ 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__I._:I._._:I._._l_|. e = o B el
1C
LI\ 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

LcQul . o

INC U
[STOR™ T

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 39
Fetch OB

(busses)

ACCUMULANOR

00000

Assembly Language
Addresses:

Program:

ARITHMETIC &
LOGIC UNIT

i (ALU)
] OPCODE IN

=== [00 H 11010
i SLOCKl o1 10110
G J— L —[02 H 10100
-1[ 03 H 10111
i FETCH CIRCUITRY || -7 5555
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
. _REGISTERS _ EXECUTE CONTROL|
=T | ﬂ 07 H 11011
08 H 10110
-l b [ 09 H 11010
I 00010 OA [H 11000
e PROGRAM COUNTHR| [ o 00010
oCc H 11011
QPJODE QPERAND JUMP ob H 11000
ADDRESS  |ADDRESS OE 10000
NSTRUCTIAN REGISTERS OF 00000
L 10 H 00000
1 11
| INCREMENTOR | 17
R St 13
14
15
I_ e mmle s e b e e—— o el ¢ . e . ) E— o E— o E— . .I 16 01001
17 H 00101
i EXECUTE CIRCUITRY i l
: ACCUMULATOR 19
I INSTRUCIION REGISTER|[CONTROL CONTROL ALU CONTROL MEM I 1A
T === =t — _|_| e o e Rl =
1 .
1 1D
1E H 10000
1F H 00000

Again: LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

CAUAL . L

INC

-'gm - oo

count

JMP

Again:

Done: HALT

cents 9

o1

nickel

count 0

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 40
Execute,
activate
opcode
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

===

N REGISTERS

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 01001
17 H 00101
EXECUTE CIRCUITRY i 75 1M 00000
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

LcQul — L

INC

'ﬁm - oo

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 41
Execute,
INC
(Part 1)
(busses)

ACCUMULANOR

00000

Assembly Language

Addresses:

Program:

0+1 emice |

1 V)

DE IN N

equals [UNIT |-'

=== [00 H 11010
CLOCK 1 o1 H 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMi 05 01011
I INSTRUCTION COUNTER, 06 10111
. _REGISTERS __ EXECUTE CONTROL|
LN 07 H 11011
08 H 10110
, 09 H 11010
00010 0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
QPQDDE QPERAND JUMP 0D H 11000
ADDRESS  |ADDRESS o I Toooo
NETRUGTION REGISTERS oF I 00000
¥ 10 H 00000
r—— 1 11
|INCREMENTOR | 5
R St 13
14
15
I_ A R T — . .I 16 01001
17 H 00101
i EXECUTE CIRCUITRY . M5 00000
i ACCUMULATOR | 19
! INSTRUCIION REGISTER|ICONTROL CONTROL ALU CONTROL MEM ] 1A
| Sl ;:].__..T1.T..__. - == s
1C
1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

LcQul . o

INC U
[STOR™ T

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 42
Execute,
INC
(Part 2)
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

1ETIC & |
UNIT r
V)

DE_IN N

=== [00 H 11010
SO 1 o1 {10110
OPCRDE N | =[02{ 10100
T —
. FETCH CIRCUITRY | gj 18(1)(1)3
LOAD PROGRAMi 05 01011
I INSTRUCTION COUNTER,
| REGISTER_S . %CUECO_I\LI'RQLJ 06 10111
— [T 07 11011
08 H 10110
| 09 H 11010
00010 OA 11000
PROGRAM COUNTHR| o8 1- 00010
oCc H 11011
adpdDDE QPERAND | JUMP oD H 11000
ADDRESS  |ADDRESS oE H 10000
NETRUCTIAN REGISTERS OF 00000
| —— 10 H 00000
N 1 11
|INCREMENTOR | 5
L _— e — ]
13
14
15
16 H 01001
ol 4—— .- — L. 1 Fsorer
: EXECUTE CIRCUITRY :
I | [ 184 00000
: ACCUMULATOR - [19
! INSTRUCIION REGISTER|ICONTROL CONTROL ALU CONTROL MEM ] 1A
‘;j--_-':j._-._-;:J-__.]W. e et =
1C
1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

LcQul . o

INC U
[STOR™ T

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 43
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

Y 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
rY——— -
- FETCH CIRCUITRY | 82 18333
LOAD PROGRAMi 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
OA 11000
PROGRAM COUNTHR|[ oB 00010
0C 11011
QPAODE (QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il o1 OE 10000
NEBTRUCTIAN REGISTERS alr ! OF 00000
| ———1" 20 H_00000
™ [ 11
INCREMENTOR | 17
L S — |
01001
=T 17 00101
! EXECUTE CIRCUITRY ]
| | [ 18 00000
: ACCUMULATOR - [ 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
LI\ 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

NG e = L

STOR |

count I
[IVIPT = T

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 44
Fetch OC

(busses)

ACCUMULANOR

00001

Assembly Language

Addresses:

Program:

i (ALU)
] OPCODE

ARITHMETIC &
LOGIC UNIT

N

=== [00 H 11010
i SO 1 Mot H 10110
: 02 H 10100
T |03 H 10111
. FETCH CIRCUITRY
| Il T02 {10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
| REGISTER_S_ . %CUECOI\_IIRQLJ 06 10111
=T | ﬂ 07 H 11011
08 H 10110
-l b [ 09 H 11010
I| 11011 0A H 11000
s PROGRAM COUNTHR| [ oB 00010
0C}H 11011
QPADDE  (PERAND JUMP ob H 11000
ADDRESS  |ADDRESS E 10000
NSTRUCTIAN REGISTERS F 00000
L - 10 H 00000
[ 1 11
“NCREMENTORl 17
L _— e —
13
14
15
16 H 01001
vl i+ ——r - —-L_._._ 1 F1 b oomer
: EXECUTE CIRCUITRY :
| | [ 18" H 00000
: ACCUMULATOR - | 19
! INSTRUCJION REGISTER[CONTROL CONTROL ALU CONTROL MEM ] 1A
_;j.._._:j.__.__;:J.__.]W. e o e Rl =
1C
1 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

NG e = L

STOR |

count ]

[(JVMIP =

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 45
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

— 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
r-— [ 03 10111
| E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
11011 0A 11000
PROGRAM COUNTHR|[ oB 00010
0oC 11011
QPGODE QPERAND JUMP = oD 11000
ADDRESS  |ADDRESS iF o1 OE 10000
NETRUCTIQN REGISTERS - OF 00000
| ———1" 20 H_00000
I_ 1 11
INCREMENTOR | 17
= —_— — — ]
01001
=71 17 00101
] EXECUTE CIRCUITRY .
| | 18 00000
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
1 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

NG e = L

STOR |

count I
[IVIPT = T

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 46
Fetch OD

(busses)

ACCUMULA

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

——= [00 H 11010 :
CLOCK | o7 1 70110 |demmy
i G 02 H 10100 =::
o —
' FETCHCIRCUITRY ||| 204 =P
'l 0a H 10000
LOAD PROGRAMI 05 01011 -{'
| INSTRUCTION COUNTER, -4'
. _REGISTERS __  EXECUTE conTroy| | 06 10111 .
T W 07 11011 =)
08 1 10110 |¢=p
— 4 & 09 1 11010 [¢m=p
11011 | 11000 0A H 11000
-— ! PROGRAM COUNTER | o8 1 00010 |damd
0C | 11011 |¢=mp
QPAODE (QPERAND JUMP op 11000
ADDRESS  |ADDRESS E 11 70000
NETRUCTIAN REGISTERS = 50000 damb.
10 | 00000 | s
M 1 11 -
| INCREMENTOR | L
HEIEE
iy ——= —
13
|
14
|
15 —
16 |- 01001 s
N e 1 1 Foster
: EXECUTE CIRCUITRY :
| | [ 18" H 00000 -
|
i ACCUMULATOR 119 -
! INSTRUC|ION REGISTER|CONTROL CONTROL ALU CONTROL MEM 1 1A
L
1C
L
1 1D —
1E 1 10000 |G
1F |H 00000

Assembly Language

Addresses:

Program:

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

NG e = L

STOR |

count I
[IVIPT = T

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 47
Execute,
activate
opcode
(busses)

ACCUMULA

11011

Assembly Language

Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

| \nsTRUC

s

[NON REGISTER

N REGISTERS

===

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 01001
17 H 00101
EXECUTE CIRCUITRY i 75 1M 00000
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

NG e = L

STOR

count

(JVP = T

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 48
Execute,
STOR
count
(busses)

ACCUMULA

LOAD

=il

OPC@DE IN

!_ FETCH CIRCUITRY |

I INSTRUCTION
REGISTERS

e

11011

11000

— — —

11010

CLOCK |

10110

10100

10111

10000

PROGRAMI
COUNTER,

01011

EXECUTE CONTROL|

10111

11011

10110

11010

ARITHMETIC &
LOGIC UNIT

QPADODE (
MDDRESS

NBTRU(

LT

i

| \NsTRUG

)PERAND

ADDRESS
[TIAN REGISTERS

PROGRAM COUNTHR

r
“NCREMENTORl

11000

00010

11011

11000

10000

00000

00000

|

[ION REGISTER

==

EXECUTE CIRCUITRY

ACCUMULATOR
CONTROL CONTROL ALU CONTROL MEM '

5™ i

.

01001

[g <=,

_ 00101_k
00001

— - —

10000

00000

L

A\

h

Assembly Language

Addresses:

Program:

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

NG e = L

STOR |

count I
[IVIPT = T

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 49
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

Y 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
rY——— -
- FETCH CIRCUITRY | 82 18333
LOAD PROGRAMi 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
OA 11000
PROGRAM COUNTHR|[ oB 00010
0C 11011
QPAODE (QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il o1 OE 10000
NEBTRUCTIAN REGISTERS alr ! OF 00000
| ———1" 20 H_00000
™ [ 11
INCREMENTOR | 17
L S — |
01001
=T 17 00101
! EXECUTE CIRCUITRY ]
| | [ 18 00001
: ACCUMULATOR - [ 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
LI\ 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

LCQURL —

IMP I

Done:

Again: I
THALT = T

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Assembly
Addresses:

Language
Program:

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

LCQURL —

JMP

Again:

Done:

HALT = 7

cents

nickel

o1

count

Clock 50 = === [00 11010
Fetch OE N . SLOCKl o1 10110
02 10100
- T |03 10111
} FETCH CIRCUITRY
(busses) | 02 1470000
LOAD PROGRAM| [ [" 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS __ ExECUTE controy | [ 06 10111
ACCUMULATOR =T | W 07 11011
| 08 10110
- - L , 09 11010
00001 Il 10000 : 0A 11000
=% = PROGRAM COUNTHR | (o8 1- 00010
0C 11011
QPAODE (PERAND JUMP oD 11000
ADDRESS ADDRESS O\I:'_: 10000
[—  — "— " —° NSTRUCTIQIN REGISTERS OF 00000
. ARITHMETIC &
| LogicunIT XX r——— " 12 ShLis
| (ALU) | INCREMENTOR |
- . _OPCODEIN _ | - Y — — — 2 12
13
14
15
16 01001
L+ — ==L I =
] EXECUTE CIRCUITRY .
| | | 18 00001
- ACCUMULATOR "1 19
! INSTRUCI'ION REGISTER|CONTROL CONTROL ALU CONTROL MEM ] 1A
__[._:I._._:I._._H. el o n Rl i
1C
1 1D
1E 10000
1F 00000

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 51
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

— 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
r-— [ 03 10111
| E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
10000 0A H 11000
PROGRAM COUNTHR|[ oB 00010
0oC 11011
QPGODE QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il o1 OE 10000
NETRUCTIQN REGISTERS - OF 00000
| ———1" 20 H_00000
I_ 1 11
INCREMENTOR | 17
= —_— — — ]
01001
=71 17 00101
] EXECUTE CIRCUITRY .
| | 18 00001
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__I._:I._._:I._._l_|. e = o B el
1C
21\ 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

LCQURL —

IMP I

Done:

Again: I
THALT = T

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 52
Fetch 1F

(busses)

ACCUMULA

ARITHMETIC &
LOGIC UNIT

OPCODE

[ —— 11010 l
CLOCK | STk <
OPCEIDE IN =T T L
10100
M T 10111 e
- FETCH CIRCUITRY | - L
\ 10000
LOAD PROGRANII 01011 -{'
INSTRUCTION COUNTER, -4'
. _REGISTERS __  EXECUTE CONTROL| 10111 =
[ 11011
_
10110
11010 |qumnly
== : -
10000 ] : 11000
I'| PROGRAM coUNTER 50010 b
1
11011
PADDE  QPERAND 11000 e
ADDRESS  |ADDRESS 15000 e,
NETRUCTIAON REGISTERS SR
00000
L |
|INCREMENTOR | ]
— —— ]
|
|
01001 |dems
I. 4 R ! Y . .I 00101 -
: EXECUTE CIRCUITRY - -
| | 00001 |G
[ ACCUMULATOR J m
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM !
|
|
A 10000 :
00000

Assembly Language

Addresses:

Program:

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

LCQURL —

IMP I

Done:

Again: I
THALT = T

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 53
Execute,
activate
opcode
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

N REGISTERS

===

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
00000 0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 01001
17 H 00101
EXECUTE CIRCUITRY i 5100001
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

LCQURL — L

JMP

Again:

Done:

HALT = T

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 54
Execute,
JMP
Again:
(busses)

ACCUMULA

Assembly Language
Addresses:

Program:

OPCOD

(ALU)

E IN

ARITHMETIC &
LOGIC UNIT

=== [00 11010
Ef?EfFJ 01 10110
OPCEPEN | = [02 4 10100
Y— =
. FETCH CIRCUITRY | 82 18(1)(1)3
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
| REGISTERS EXECUTE CONTROLJ 06 10111
—IT 07 H 11011
08 10110
: 09 11010
10000 00000 0A 11000
OUNTER| [ 0B 00010
0C 11011
OPCQODE ( JUMP oD 11000
ADDRESS  |[ADDRESS OE 10000
NSTRUCTIQIN REGISTERS OF 00000
y —— 10 00000
F' 1 11
| INCREMENTOR | 5
= —_— — — ]
13
14
15
16 01001
wlL— - || 1 s
. EXECUTE CIRCUITRY !
| | 18 00001
: ACCUMULATOR 19
! INSTRUCIIION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
_-r'—:l'—'——m—'T| S O =
1C
1 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

LCQURL — L

IMP I

Again: I

Done:

HALT = T

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 55
Fetch 00

(busses)

ACCUMULA

00001

OR

Assembly Language
Addresses:

Program:

OPCOD

(ALU)

E IN

ARITHMETIC &
LOGIC UNIT

— == [ooH 11010
I CLOCK 1 o1 H 10110
OPCEDE IN 02 H 10100
- [ 03 10111
. FETCH CIRCUITRY :
| Il oz H Too00
LOAD rrocramy | [08 |H 01011
I INSTRUCTION COUNTER, r
_ REGISTERS %CUECOI\_IIRQLJ OE) 10111
ITT o7 11011
08 H 10110
__dr - 09 H 11010
il 11010 : 0A H 112000
- — PROGRAM COUNTHR| [ 0B 00010
0C H 11011
dPdDDE  (PERAND JUMP oD H 11000
ADDRESS  |ADDRESS 0E 10000
NSTRUCTIQIN REGISTERS OF 00000
m — 10 H 00000
F' L 11
|INCREMENTOR | 5
L —_— e —
13
14
15
16 H 01001
ol 4—— .- — L. 1 Fsorer
\ EXECUTE CIRCUITRY :
I | 18 H 00001
: ACCUMULATOR 19
! INSTRUCI'ION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
T =TT O ]‘| T T =18
1C
21\ 1D
1E H 10000
1F H 00000

Again:

LOAD |i

cents ]

'Jn- - oo

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 56
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

— 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
r-— [ 03 10111
| E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
11010 0A 11000
PROGRAM COUNTHR|[ oB 00010
0oC 11011
QPGODE QPERAND JUMP = oD 11000
ADDRESS  |ADDRESS iF oo OE 10000
NETRUCTIQN REGISTERS - OF 00000
| ———1" 20 H_00000
F' 1 11
INCREMENTOR | 17
= —_— — — ]
01001
=71 17 00101
] EXECUTE CIRCUITRY .
| | 18 00001
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
1 1D
1E 10000
1F 00000

Again:

LOAD |i

cents ]

'Jn- -

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 57
Fetch 01

(busses)

ACCUMULA

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

——= [00 H 11010 :
SO 1 o 10110 I
e S - [[02 | 10700 j¢==p
[ 1| 03 H 10111
- FETCH CIRCUITRY | I
'] 04 H 10000
LOAD PROGRAIVII 05 01011 -<
| INSTRUCTION COUNTER, - -<
. REGISTERS __ ExecuTE controy | [ 06 10111 =
T 07 11011
| ¢
08 10110 -‘
— 09 |- 11010 |¢m=s <
11010 | 10110 0OA H 11000
-—= ' PROGRAM COUNTER | [oB 1 50010 |damb,
S ¢
0C H 11011
QrPdbDE QPERAND | JuMP 5 L 11000 ldamd.
ADDRESS  |ADDRESS SE L 10000 ldamb,
NETRUCTIAN REGISTERS 51 50000 damb.
10 00000 .
M 1 11 -
| INCREMENTOR | ]
K 12
e -
13
|
14
15 —
|
16 |- 01001 |Gum
wl4— - - — L. 1 Footen
: EXECUTE CIRCUITRY .
| | [ 18 H 00001 -
|
| ACCUMULATOR - | 19 -
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM | | 1A
|
1C
|
1 1D =
1E 10000 o
1F 00000

Assembly Language

Addresses:

Program:

Again:

LOAD |i

cents ]

'Jn- -

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 58
Execute,
activate
opcode
(busses)

ACCUMULA

11010

Assembly Language
Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

===

N REGISTERS

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 01001
17 H 00101
EXECUTE CIRCUITRY i 5100001
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD |i

cents ]

'Jn- - oo

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Assembly Language

Addresses: Program: Explanation Hex
- \ . ,
— 7 100 H 11010 l Again: [J|LOAD Il [# copy the value at ‘cents’ to the Accumulator 00
Execute, ol L Ec,)_CKTJ 01 H 10110 =:: ifcents |\ 01
LOAD I_ L 02 H 10100 = TICT= = T |#if the value at ‘nickel’ is less than the Accumulator then 02
o A— — | . _ : .
(bcents ) © FETCH CIRCUITRY | 82 18(1)(1)3 = ggﬁl‘ # jump to the address ‘Done: 82
usses ! ] :
INST;%ACI%ON PcRooanTTAEI\QI 05 H 01011 =:= SUB # subtract the value at ‘nickel’ from the Accumulator 05
! REGISTERS _ EXECUTE conTroyy| | 06 [H 10111 = nickel # and put the result back into the Accumulator 06
ACCUMULATOR —IT T 07 H 11011 =) STOR # copy the value in the Accumulator to ‘cents’ 07
08 H 10110 cents 08
—_— e , 09 H 11010 -" LOAD # copy the value at address ‘count’ to the Accumulator 09
01001 11010 |[ 10110 | |[0AH 11000 ::: count 0A
Rk 5wl PROGRAM COUNTERI 0B |H 00010 - INC # add 1 to the Accumulator 0B
11 0C H 11011 -{' STOR # copy the value in the Accumulator to ‘count’ oC
QPGDODE QPERAND JUMP oD H 11000 count oD
, {POgES>  |ADDRESS OE [H 10000 . JMP # unconditional jump to the address ‘Again:’ OE
!' Al%l:H;\/I;T;C_&. ) NSTRU(QTIAN REGISTERS OF K 00000 =:' Again: OF
| 10 H 00000 Done: HALT # stop the processor — end of program 10
) LOGIC UNIT ™M™ I— 11 < 11
| (ALU) I | INCREMENTOR | L
+ . _OPCODEIN_, __ ] 12 - = 12
13 - 13
——dy ] 1‘51
1 16 H 01001 |¢up cents | |9 # variable -- the name ‘cents’ is the address and 14 is the value 16
1T  _] o ey 1 [17H oo101 nickel 5 # variable -- the name ‘cents’ is the address and 5 is the value 17
: EXECUTE CIRCUITRY - : . .
| | | 18 H 00001 = count 1 # variable -- the name ‘count’ is the address and O is the value 18
i ACCUMULATOR 119 - 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ALU CONTROL MEM ! [ 1A |- 1A
|
1C H 1C
1D : 1D
1E H 10000 o JMP # unconditional jump to the address ‘Again’’ 1E
1F H 00000 Again: 1F




Clock 60
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

Y 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
rY——— -
- FETCH CIRCUITRY | 82 18333
LOAD PROGRAMi 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
OA 11000
PROGRAM COUNTHR|[ oB 00010
0C 11011
QPAODE (QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il oo OE 10000
NEBTRUCTIAN REGISTERS alr ! OF 00000
| ———1" 20 H_00000
™ [ 11
INCREMENTOR | 17
L S — |
01001
=T 17 00101
! EXECUTE CIRCUITRY ]
| | [ 18 00001
: ACCUMULATOR - [ 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
LI\ 1D
1E 10000
1F 00000

Again:

LOAD

LCANS. — d

LT I

nickel  |i

Done: I

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Assembly Language
Addresses:

Program:

Clock 61 =1 — = = 00 11010
Fetch 02 orcllse COCK 1 o1 4 o110
~ 02 10100
T 103 H 10111
. FETCH CIRCUITRY .
(busses) I I og 10000
LOAD PROGRAMI OE) 01011
I INSTRUCTION COUNTER, r
| REGISTERS %CUECOI\_IIRQLJ OE) 10111
ACCUMULATIOR =T | ﬂ 07 H 11011
08 10110
01001 I| 10100 : OA 11000
- = PROGRAM COUNTHR| [ 0B 00010
oC 11011
QPUDDE QPERAND JUMP oD 11000
ADDRESS  |ADDRESS OE 10000
[ = — — " "~ NSTRUCTIAN REGISTERS OF 00000
- ARITHMETIC &
| LoGicuniT MM 1 12 =
| (ALU) | INCREMENTOR |
.___ . _OPCODEIN . — —_— 12
13
14
15
16 01001
vl 4 ——r——L._—_ s =
: EXECUTE CIRCUITRY .
| | 18 00001
: ACCUMULATOR 19
! INSTRUCIION REGISTER|[CONTROL CONTROL ALU CONTROL MEM I 1A
M Il el Ml i '|'| TN T =B
1C
1 1D
1E 10000
1F 00000

Again:

LOAD

LCANS. —

LT I

nickel  |i

Done: ]

'w? - oo

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 62
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

— 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
r-— [ 03 10111
| E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
10100 0A H 11000
PROGRAM COUNTHR|[ oB 00010
0oC 11011
QPGODE QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il oo OE 10000
NETRUCTIQN REGISTERS - OF 00000
| ———1" 20 H_00000
I_ 1 11
INCREMENTOR | 17
= —_— — — ]
01001
=71 17 00101
] EXECUTE CIRCUITRY .
| | 18 00001
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__I._:I._._:I._._l_|. e = o B el
1C
21\ 1D
1E 10000
1F 00000

Again:

LOAD

LCANS. — d

LT I

nickel  |i

Done: I

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 63
Fetch 03

(busses)

ACCUMULA

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

——== [o0 H 11010 :
COCK | 57 70110 ¢y
OPC@DE IN = o I {
- Y—— b
' FETCHCIRCUITRY || |-93 204
'] 04 H 10000
LOAD PROGRAI\/II 05 01011 -<
| INSTRUCTION COUNTER, - -<
. REGISTERS __ ExecuTE controy | [ 06 10111 =
T 07 11011
| ¢
08 10110 -<
— 09 |- 11010 |¢m=s <
10100 | 10111 0OA H 11000
- ! PROGRAM COUNTER | [oB 1 50010 |damb,
- ¢
oC H 11011
QrPdbDE QPERAND | JuMP 5 L 11000 ldamd.
ADDRESS  |ADDRESS SE L 10000 ldamb,
NETRUCTIAN REGISTERS 51 50000 damb.
10 00000 .
M 1 11 -
|INCREMENTOR | ]
K 12
e -
13
14 —
15 —
|
16 |- 01001 |G
vl i+ ——r - —-L_._._ 1 Fsorer
: EXECUTE CIRCUITRY .
| | [ 18 H 00001 -
|
| ACCUMULATOR - | 19 -
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM | | 1A
|
1C
|
1 1D =
1E 10000 o
1F 00000

Assembly Language

Addresses:

Program:

Again:

LOAD

LCANS. — d

LT I

nickel  |i

Done: I

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 64
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

— == [o0 H 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 H 10100
T |03 H 10111
. FE
FETCH CIRCUITRY || Foa1-Iica0e
LOAD PROGRAM| | [ 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 H 10110
: 09 H 11010
10100 || 10111 OA 11000
PROGRAM COUNTAR | [oe 100010
0oC H 11011
QPADDE  (PERAND JUMP - 0D H 11000
ADDRESS  |ADDRESS T OE I 10000
NSTRUCTIAN REGISTERS —T OF 00000
y e 10 H 00000
[ " 11
INCREMENTOR | >
L _— e —
01001
=7 17 H 00101
: EXECUTE CIRCUITRY :
| | [ 18 H 00001
: ACCUMULATOR - [ 19
! INSTRUCJION REGISTER[CONTROL CONTROL ALU CONTROL MEM ] 1A
__[._:I._._:I._._H. = - = e
1C
71\ 1D
1E [H 10000
1F H 00000

Again:

LOAD

LCANS. — d

LT I

nickel  |i

Done: I

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 65
Fetch 04

(busses)

ACCUMULA

ARITHMETIC &
LOGIC UNIT

i (ALU)
] OPCODE IN

IR === [o0 H 11010 l
CLOCK | 5T {10110 ¢y
OPgPEN 02 H 10100 =::
- [ o3 H 10111
. FETCH CIRCUITRY
I\ 04 10000
LOAD PROGRAM [y
INSTRUCTION COUNTERI "3 e -<
. REGISTERS ___ ExecuTE controy | [ 06 10111 =
— ] 07 - 11011 |4==p
08 10110 -‘
| oo an\gin e o 09 11010 -‘
10100 10111 |i| 10000 | 0A 11000
=1 | PrOGRAM COUNTER| 0BT 00010 Idambd,
- ¢
oC H 11011
QrPdbDE QPERAND | JuMP 5 L 11000 ldamd.
ADDRESS  |ADDRESS SE L 10000 ldamb,
NETRUCTIAN REGISTERS 51 50000 damb.
10 00000 -
M 1 11 -
|INCREMENTOR | 5 T
— —— ]
13
]
14
|
15 =
16 |- 01001 |G
vl i+ ——r - —-L_._._ 1 Fsorer
. EXECUTE CIRCUITRY .
| | 18 |H 00001 |
|
i ACCUMULATOR 19 -
! INSTRUCIIION REGISTER CONTROL CONTROL ALU CONTROL IVIEI\/I I 1A
L]
1C
]
1 1D =
1E 10000 o
1F 00000

Assembly Language

Addresses:

Program:

Again:

LOAD

LCANS. —

JLT

nickel

Done:

'w? - oo

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 66
Execute,
activate
opcode
(busses)

ACCUMULA

Assembly Language
Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

N REGISTERS

===

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
10000 0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 01001
17 H 00101
EXECUTE CIRCUITRY i 5100001
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD

LCANS. —

LT I

nickel  |i

Done: ]

'w? - oo

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 67
Execute,
JLT
nickel
(busses)

ACCUMULANOR

01001

9 < 5
this is false so
no further
action is done

Assembly Language
Addresses: Program:
T 00 11010 Again: LOAD
. EC.)_CKTJ 01 H 10110 Jeans — 1
| =[02{ 10100 1oLt I
o o3 H 10111 I[nickel |1
. FETCHCIRCUITRY 1} =521 {70000 I[Done: ||
LOAD PROGRAMI 05 01011 -'SUB- - -
I INSTRUCTION COUNTER, ;
. _REGISTERS _ EXECUTE_ CONTROL| 06 10111 nickel
LN 07 H 11011 STOR
08 10110 cents
, 09 H 11010 LOAD
10100 10111 10000 OA 11000 count
PROGRAM COUNTHR| 0B 00010 INC
0C 11011 STOR
QPADODE (QPERAND JUMP oD 11000 count
ADDRESS ADDRESS OE 10000 IJMP
NETRUCTI@N REGISTERS OF 00000 Again:
y 10 00000 Done: HALT
[ 11
| INCREMENTOR | 17
= s |
13
—— | 14
1 16 {H 01001 cents | [9
=71 ] o ey 1 ['17H oo101 nickel | [5
: EXECUTE CIRCUITRY - '
| | [ 18 00001 count 1
i ACCUMULATOR - | 19
! INSTRUCJ'ION REGISTER[CONTROL CONTROL ~ ALU CONTROL MEM ! ["1A
—_I'_J'_'_:r_'_H'T'_' e Bl =
1C
1D
1E 10000 JMP
1F 00000 Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 68
Increment
Program
Counter
(busses)

ACCUMULA

Assembly
Addresses:

Language

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

Y 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
T ~[[o3H 10111
: E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAM| [ ["05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
OA 11000
PROGRAM COUNTHR|[ oB 00010
0C 11011
QPAODE (QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il oo OE 10000
NETRUCTIQIN REGISTERS alr OF 00000
| ———1" 20 H_00000
™ [ 11
INCREMENTOR | 17
L S — |
01001
=T 17 00101
! EXECUTE CIRCUITRY ]
| | [ 18 00001
: ACCUMULATOR - [ 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__I._:I._._:I._._l_|. e = o B el
1C
LI\ 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

LRone. o

SUB

nickel

'ﬁm- -

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 69
Fetch 05

(busses)

ACCUMULANOR

01001

Assembly Language
Addresses:

Program:

ARITHMETIC &
LOGIC UNIT

i (ALU)
] OPCODE IN

=== [o0 H 11010
i SLOCKl o1 10110
G J— ~— 02 H 10100
-1[ 03 H 10111
i FETCH CIRCUITRY || Foa1-Iica0e
LOAD PROGRAMI 0‘: 01011
I INSTRUCTION COUNTER, OE) 10111
L3 REGISTERS __ EXECUTE CONTROL|
ITT 07 11011
08 H 10110
- i P 09 H 11010
I| 01011 0OA H 11000
-—=F = PROGRAM COUNTHR| [ 0B 00010
oc H 11011
QPUDDE QPERAND JUMP ob H 11000
ADDRESS  |ADDRESS oE I 10000
NSTRUCTIAN REGISTERS OF 00000
L 10 H 00000
1 11
| INCREMENTOR | >
b Salails 13
14
15
I_ e mmle s e b e e—— o el ¢ . e . ) E— o E— o E— . .I 16 01001
17 H 00101
i EXECUTE CIRCUITRY i ml
: ACCUMULATOR 19
I INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
S == == _r| g ==
1 -
1 1D
1E [H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

LDone. o L

SuB__ |

nickel [

'ﬁm - oo

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 70
Increment
Program
Counter
(busses)

ACCUMULA

Assembly
Addresses:

Language

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

— 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
r-— [ 03 10111
| E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAM| [ ["05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
01011 0A 11000
PROGRAM COUNTHR|[ oB 00010
0oC 11011
QPGODE QPERAND JUMP = oD 11000
ADDRESS  |ADDRESS iF oo OE 10000
NETRUCTIQN REGISTERS - OF 00000
| ———1" 20 H_00000
I_ 1 11
INCREMENTOR | 17
= —_— — — ]
01001
=71 17 00101
] EXECUTE CIRCUITRY .
| | 18 00001
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
1 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

LRone. o

SUB

nickel

'ﬁm- -

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 71
Fetch 06

(busses)

ACCUMULA

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

——== [o0 H 11010 :
COCK | 57 70110 ¢y
OPCEDE IN = o =::
- Y—— -
' FETCHCIRCUITRY ||| 204 =P
'] 04 H 10000
LOAD PROGRAI\/II 05 01011 -{'
I INSTRUCTION COUNTER,
. REGISTERS ___ EXECUTE conTroy| [ OB 10111
T 07 11011
‘ ¢
08 10110 -‘
— 09 |- 11010 |¢m=s <
01011 J[ 10111 0OA H 11000
-—= ' PROGRAM COUNTER | [oB 1 50010 |damb,
- ¢
oC H 11011
QrdbDE QPERBND | JumP o L 11000 ldammb
ADDRESS  |ADDRESS SE L 10000 ldamb,
NETRUCTIQIN REGISTERS 51 50000 damb.
10 00000 .
i =1 [ —
|INCREMENTOR | ]
K 12
e -
13
|
14
|
15 =
16 |- 01001 |G
vl i+ ——r - —-L_._._ 1 Fsorer
: EXECUTE CIRCUITRY -
| | [ 18 H 00001 -
|
| ACCUMULATOR - | 19 -
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM | | 1A
|
1C
|
1 1D =
1E 10000 o
1F 00000

Assembly Language

Addresses:

Program:

Again:

LOAD

cents

JLT

nickel

LRone. o

SuB__ |

nickel I

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 72
Execute,
activate
opcode
(busses)

ACCUMULA

Assembly Language
Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

N REGISTERS

===

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 01001
17 H 00101
EXECUTE CIRCUITRY i 5100001
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

LDone. o L

SuB__ |

nickel [

'ﬁm - oo

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 73
Execute,
SUB
Nickel
(Part 1)
(busses)

ACCUMULANOR

01001

Assembly Language
Addresses: Program:
I 00 11010 Again: LOAD
. EC.)_CKTJ 01 H 10110 cents
| & 02 H 10100 LT
r-— "l o3 10111 nickel
. FETCH CIRCUITRY
Il oz o000 Joone — 1
LOAD PROGRAMI 05 01011 ' SUB |'
I INSTRUCTION COUNTER, .
. REGISTERs___ExecuTe controyyfl [ 06 10111 I nickel L
—IT 07 H 11011 TSTOR— T
08 10110 cents
, 09 H 11010 LOAD
01011 10111 OA 11000 count
PROGRAM COUNTHRI [ oB 00010 INC
0oC 11011 STOR
QPGODE @QPERAND JUMP oD 11000 count
ADDRESS ADDRESS OE 10000 IJMP
NETRUCTIAN REGISTERS OF 00000 Again:
y 10 00000 Done: HALT
[ 11
| INCREMENTOR | 17
= —_— — — ]
13
— 14
1 16 {H 01001 cents | [9
=717 = = . IO e I B T 00101 nickel | [5
} EXECUTE CIRCUITRY . -
| | 18 00001 count 1
- ACCUMULATOR - | 19
! INSTRUG[FION REGISTER[CONTROL CONTROL ~ ALU CONTROL MEM ! [T1A
__[._J._._:I._._H.T._. M — =_5G
1C
1D
1E 10000 JMP
1F 00000 Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 74
Execute,
SUB
Nickel
(Part 2)
(busses)

ACCUMULA

Assembly
Addresses:

Language
Program:

\s]

=== [00 H 11010
SO 1 ot H 70110
OPCEPEN | = [02 4 10100
- Y—— —
. FETCH CIRCUITRY | gj 18(1)(1)3
LOAD PROGRAMi 05 01011
I INSTRUCTION COUNTER,
. REGISTERs___ExecuTe controyyfl [ 06 10111
LN 07 H 11011
08 H 10110
, 09 H 11010
01011 || 10111 OA H 11000
PROGRAM COUNTHR| 0B - 00010
0C H 11011
QPGODE (QPERAND JUMP oD 11000
ADDRESS ADDRESS OE 10000
NSTRUCTIAN REGISTERS OF 00000
y —— 10 H 00000
[ " 11
| INCREMENTOR | 17
L S — |
13
14
15
16 H 01001
vl i+ ——r - —-L_._._ 1 F1 b oomer
: EXECUTE CIRCUITRY :
| | [ 18 H 00001
: ACCUMULATOR - [ 19
! INSTRUCJION REGISTER[CONTROL CONTROL ALU CONTROL MEM ] 1A
__I._:I._._:I._._H. e o e Rl =
1C
1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

LRone. o

SuB__ |

'ﬁm- -

nickel [

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 75
Increment
Program
Counter
(busses)

ACCUMULA

Assembly
Addresses:

Language
Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

Y 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
T ~[[o3H 10111
: E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAM| [ ["05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
OA 11000
PROGRAM COUNTHR|[ oB 00010
0C 11011
QPAODE (QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il oo OE 10000
NETRUCTIQIN REGISTERS alr OF 00000
| ———1" 20 H_00000
™ [ 11
INCREMENTOR | 17
L S — |
01001
=T 17 00101
! EXECUTE CIRCUITRY ]
| | [ 18 00001
: ACCUMULATOR - [ 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__I._:I._._:I._._l_|. e = o B el
1C
LI\ 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

Lnickel —

STOR |I

[LOAD = 7

cents ]

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 76
Fetch 07

(busses)

ACCUMULANOR

00100

Assembly Language
Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

——= [00 H 11010
i SO 1 Mot H 10110
“ 02 H 10100
o [ 03 H 10111
. FETCH CIRCUITRY
| |02 H 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. REGISTERS ___ ExecUTE controy | [ 06 10111
=T | ﬂ . 11011
08 H 10110
_0rC : 09 H 11010
I| 11011 0A 11000
-— =0 = PROGRAM COUNTHR| [ 0B 00010
oC H 11011
QPJDDE QPERAND | JUMP ob H 11000
ADDRESS  |ADDRESS 0E H 10000
NETRUCTIAN REGISTERS oF 00000
L - 10 H 00000
™ [ 11
|INCREMENTOR | 5
L S — |
13
14
15
16 H 01001
vl i+ ——r - —-L_._._ 1 F1 b oomer
: EXECUTE CIRCUITRY :
| | [ 18 H 00001
: ACCUMULATOR - [ 19
! INSTRUC|ION REGISTER|CONTROL CONTROL ALU CONTROL MEM 1 1A
‘;j--_-':j._-._-;:J-__.]W. e o e Rl =
1C
LI\ 1D
1E H 10000
1F H 00000

Again: LOAD

cents

JLT

nickel

Done:

SUB

Lnickel —

STOR

cents

[LOAD = 7

count

INC

STOR

count

JMP

Again:

Done: HALT

cents 9

o1

nickel

count 1

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 77
Increment
Program
Counter
(busses)

ACCUMULA

Assembly
Addresses:

Language
Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

— 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
r-— [ 03 10111
| E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
11011 0A 11000
PROGRAM COUNTHR|[ oB 00010
0oC 11011
QPGODE QPERAND JUMP = oD 11000
ADDRESS  |ADDRESS iF o1 OE 10000
NETRUCTIQN REGISTERS - OF 00000
| ———1" 20 H_00000
I_ 1 11
INCREMENTOR | 17
= —_— — — ]
01001
=71 17 00101
] EXECUTE CIRCUITRY .
| | 18 00001
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
1 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

Lnickel —

STOR |I

[LOAD = 7

cents ]

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 78
Fetch 08

(busses)

ACCUMULA

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

——== [o0 H 11010 :
CLOCK | o1 |1 10110 |demmy
OPC@DE IN =T T = o I {
r—— == - — -4'
| FETCH CIRCUITRY || f o (=0
LOAD PROGRAIVIi 05 01011 -{'
| INSTRUCTION COUNTER, -4'
. _REGISTERS __  EXECUTE conTroy| | 06 10111 .
T W 07 11011
08 H 10110
_ N = 09 H 11010
11011 | 10110 ' 0OA H 11000 —
- ' PROGRAM COUNTER | [oB 1 50010 |damb,
0C H 11011 |¢==p
QrPdbDE QPERAND | JuMP 5 L 11000 ldamd.
ADDRESS  |ADDRESS SE L 10000 ldamb,
NETRUCTIAN REGISTERS 51 50000 damb.
10 00000 .
M 1 11 -
|INCREMENTOR | 5 ]
3| |[1 -
|
14
|
15 =
16 |- 01001 |G
vl i+ ——r - —-L_._._ 1 Fsorer
: EXECUTE CIRCUITRY -
| | [ 18 H 00001 -
|
| ACCUMULATOR - | 19 -
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM | | 1A
|
1C
|
1 1D =
1E 10000 o
1F 00000

Assembly
Addresses:

Language

Program:

Again:

LOAD

cents

JLT

nickel

Done:

SUB

Lnickel —

STOR

cents

[LOAD = 7

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 79
Execute,
activate
opcode
(busses)

ACCUMULA

11011

Assembly Language

Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

N REGISTERS

===

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 01001
17 H 00101
EXECUTE CIRCUITRY i 5100001
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

Lnickel o L

STOR

cents

[LOAD = T

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Assembly Language
Addresses: Program: Explanation Hex
\ Y
Clock 80 A - 00 11010 l Again LOAD # th I t ‘cents’ to the A lat 00
] — in: copy the value at ‘cents’ to the Accumulator
Execute, ol L Ec.)_CKTJ 01 H 10110 =:: cents 01
STOR I_ L 02 H 10100 = JLT # if the value at ‘nickel’ is less than the Accumulator then 02
o A— — | . _ : .
cents © FETCH CIRCUITRY | 03 10111 = nickel # jump to the address ‘Done: 03
(busses) Il 04 H 10000 -" Done: 04
INST;%ACI%ON PcRooanTTAEI\QI 05 H 01011 - {' SUB # subtract the value at ‘nickel’ from the Accumulator 05
! REGISTERS _ EXECUTE conTroyy| | 06 [H 10111 = <hickel _ 1 |# and put the result back into the Accumulator 06
ACCUMULA | T ]_ 07 H 11011 -{' IISTOR [l # copy the value in the Accumulator to ‘cents’ 07
08 H 10110 = I|cents h 08
, 09 H 11010 -{' TLOAD = T |# copy the value at address ‘count’ to the Accumulator 09
00100 11011 10110 _ OA H 11000 -{' count 0A
! PROGRAM COUNTERIf "o }-{ 00010 - INC # add 1 to the Accumulator OB
iyl > 0C H 11011 STOR # copy the value in the Accumulator to ‘count’ oC
I | — QPGDODE QPERAND JUMP oD H 11000 =:= count oD
, ADD 55 ADDRESS OE H 10000 JMP # unconditional jump to the address ‘Again’’ OE
= - = = ) NETRUCTIAN REGISTERS OF K 00000 -" Again: OF
- RLTALGIENIC | 10 H 00000 ) Done: HALT # stop the processor — end of program 10
LOGIC UNIT ™M™ . <
- 11 11
| (ALU) | | INCREMENTOR | T
+ . _OPCODEIN_, __ ] 12 - = 12
13 - 13
1 gl_ (als emp emp e .;-‘ 15
1 16 H{ 00100 |dmmy cents | |4 # variable -- the name ‘cents’ is the address and 14 is the value 16
b AT T—— .. - — . L — o ) _ : — : — i
_ EXECUTE CIRCUITRY 117 00101 = nickel 5 # var!able the name ‘cents’ |.s the address and 5 |.s the value 17
| | | 18 H 00001 = count 1 # variable -- the name ‘count’ is the address and O is the value 18
i ACCUMULATOR "1 19 H - 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ALU CONTROL MEM ! [ 1A |- 1A
L
1C - = 1C
1D - 1D
1E H 10000 o JMP # unconditional jump to the address ‘Again’’ 1E
1F H 00000 Again: 1F




Clock 81
Increment
Program
Counter
(busses)

ACCUMULA

i (ALU)
] OPCODE

ARITHMETIC &
LOGIC UNIT

N

Assembly Language

Addresses:

Program:

Y 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
rY——— -
- FETCH CIRCUITRY | 82 18333
LOAD PROGRAMi 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
OA 11000
PROGRAM COUNTHR|[ oB 00010
0C 11011
QPAODE (QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il o1 OE 10000
NEBTRUCTIAN REGISTERS alr ! OF 00000
| — 10 |H 00000
™ [ 11
INCREMENTOR | 17
L S — |
00100
=T 17 00101
! EXECUTE CIRCUITRY ]
| | [ 18 00001
: ACCUMULATOR - [ 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
LI\ 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

LCANS, — o

LOAD

count

'Im- -

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 82
Fetch 09

(busses)

ACCUMULANOR

00100

Assembly Language

Addresses:

Program:

i (ALU)
] OPCODE

ARITHMETIC &
LOGIC UNIT

N

——= [00 H 11010
i SO 1 Mot H 10110
“ 02 H 10100
o [ 03 H 10111
. FETCH CIRCUITRY
| Il ™02 |H 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. REGISTERS ___ ExecUTE controy | [ 06 10111
=T | ﬂ 07 H 11011
08 H 10110
- [ 9+ 11010
I| 11010 0OA H 11000
-l = PROGRAM COUNTHR| [ 0B 00010
oC H 11011
QPJDDE QPERAND | JUMP oD H 11000
ADDRESS  |ADDRESS OE 10000
NETRUCTIAN REGISTERS oF 00000
L - 10 H 00000
™ [ 11
| INCREMENTOR | 17
L S — |
13
14
15
16 H 00100
vl i+ ——r - —-L_._._ 1 Fe1 oo
: EXECUTE CIRCUITRY :
| | [ 18 H 00001
: ACCUMULATOR - [ 19
! INSTRUC|ION REGISTER|CONTROL CONTROL ALU CONTROL MEM 1 1A
_;j.._._:j.__.__;:J.__.]W. e o e Rl =
1C
1 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

LCANS, — o

LOAD |I

count ]

'Im- -

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 83
Increment
Program
Counter
(busses)

ACCUMULA

i (ALU)
] OPCODE

ARITHMETIC &
LOGIC UNIT

N

Assembly Language

Addresses:

Program:

— 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
r-— [ 03 10111
| E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
11010 0A 11000
PROGRAM COUNTHR|[ oB 00010
0oC 11011
QPGODE QPERAND JUMP = oD 11000
ADDRESS  |ADDRESS iF o1 OE 10000
NETRUCTIQN REGISTERS - OF 00000
| — 10 H 00000
I_ 1 11
INCREMENTOR | 17
= —_— — — ]
00100
=71 17 00101
] EXECUTE CIRCUITRY .
| | 18 00001
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
1 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

LCANS, — o

LOAD

count

'Im- -

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 84
Fetch OA

(busses)

ACCUMULA

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

——= [00 H 11010 :
CLOCK | o1 |1 10110 |demmy
OPC@DE IN =T T = o I {
r—— == - — -4'
| FETCH CIRCUITRY || f o (=0
LOAD PROGRAIVIi 05 01011 -{'
| INSTRUCTION COUNTER, -4'
. _REGISTERS __  EXECUTE conTroy| | 06 10111 .
T W 07 11011 =)
08 10110 -{'
— 09 H 11010
11010 | 11000 0A H 11000
- ! PROGRAM COUNTHR| [ 0B 00010
0C H 11011 |¢==p
QrPdbDE QPERAND | JuMP 5 L 11000 ldamd.
ADDRESS  |ADDRESS SE L 10000 ldamb,
NETRUCTIAN REGISTERS 51 50000 damb.
10 00000 .
M 1 11 -
| INCREMENTOR | 5 ]
3| |[1 -
|
14
15 -
|
16 |- 00100 e
wl4— - - — L. 1 Fosten
: EXECUTE CIRCUITRY -
| | [ 18 H 00001 -
|
1 ACCUMULATOR - | 19 -
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM | | 1A
|
1C
|
1 1D =
1E 10000 o
1F 00000

Assembly Language

Addresses:

Program:

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

LCANS, — o

LOAD |I

count ]

'Im- -

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 85
Execute,
activate
opcode
(busses)

ACCUMULA

11010

Assembly Language
Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

N REGISTERS

===

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 00100
17 H 00101
EXECUTE CIRCUITRY i 5100001
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

LCANS. =

LOAD |I

count ]

'Im- - oo

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Assembly Language
Addresses: Program:
\ y
Clock86 | Z—T" - == 00 H 11010 l Again: | [LOAD
N In:
Execute, ol EC.)_CKTJ 01 H 10110 =:: cents
LOAD | =[02{ 10100 —> ILT
- Y—— — |
count ' FETCH CIRCUITRY | 03 10111 -{' nlckel.
(busses) g1 04 10000 -{' Done:
LOAD PROGRAIVII 05 01011 SUB
| INSTRUCTION COUNTER, -4' _
. _REGISTERS __ EXECUTE conTroy| | 06 10111 = nickel
ACCUMULATIOR —IT T 07 H 11011 =) STOR
08 H 10110 Jcents — L
L
- e . 09 H 11010 -{= IILOAD i
{ 00001 11010 |[ 112000 0A H 11000 Ifcount |
— - ! PROGRAM COUNTHRI [ oB 00010 =:= INC™ — T
11 0C H 11011 STOR
QPADDE (PERAND JUMP oD I T1o000 _ oUnT
ADDRESS  ADDRESS SE L 10000 damb, VP
(= — NETRUQTIAN REGISTERS =l =<l Again
. ARITHMETIC & Y :
! LOGIC UNIT 9 — 12 00000 = Done: HALT
| (ALV) | INCREMENTOR | <
._ _ _OPCODEIN_ . R 12 =
13 —
| 14
— - {
| 16 | 00100 =: cents | [2
=71 = = . - T 1117 H oo101 nickel | [5
: EXECUTE CIRCUITRY -
| | | 18 00001 [ count | [1
i ACCUMULATOR - | 19 -
! INSTRUCIIION REGISTER|CONTROL CONTROL ALU CONTROL MEM ] 1A
|
1C
1D :
1E [ 10000 |qm= JMP
1F 00000 Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 87
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

Y 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
T ~[[o3H 10111
: E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAM| [ ["05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
OA 11000
PROGRAM COUNTHR|[ oB 00010
0C 11011
QPAODE (QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il o1 OE 10000
NETRUCTIQIN REGISTERS alr OF 00000
| ———1" 20 H_00000
™ [ 11
INCREMENTOR | 17
L S — |
00100
=T 17 00101
! EXECUTE CIRCUITRY ]
| | [ 18 00001
: ACCUMULATOR - [ 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__I._:I._._:I._._l_|. e = o B el
1C
LI\ 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

LcQul . o

INC U
[STOR™ T

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 88
Fetch OB

(busses)

ACCUMULANOR

00001

Assembly Language
Addresses:

Program:

ARITHMETIC &
LOGIC UNIT

i (ALU)
] OPCODE IN

=== [00 H 11010
i SLOCKl o1 10110
G J— L —[02 H 10100
-1[ 03 H 10111
i FETCH CIRCUITRY || -7 5555
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
. _REGISTERS _ EXECUTE CONTROL|
=T | ﬂ 07 H 11011
08 H 10110
-l b [ 09 H 11010
I 00010 OA [H 11000
e PROGRAM COUNTHR| [ o 00010
oCc H 11011
QPJODE QPERAND JUMP ob H 11000
ADDRESS  |ADDRESS OE 10000
NSTRUCTIAN REGISTERS OF 00000
L 10 H 00000
1 11
| INCREMENTOR | 17
R St 13
14
15
I_ e mmle s e b e e—— o el ¢ . e . ) E— o E— o E— . .I 16 00100
17 H 00101
i EXECUTE CIRCUITRY i ml
: ACCUMULATOR 19
I INSTRUCIION REGISTER|[CONTROL CONTROL ALU CONTROL MEM I 1A
T === =t — _|_| e o e Rl =
1 .
1 1D
1E H 10000
1F H 00000

Again: LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

CAUAL . L

INC

-'gm - oo

count

JMP

Again:

Done: HALT

cents 4

o1

nickel

count 1

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 89
Execute,
activate
opcode
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

===

N REGISTERS

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 00100
17 H 00101
EXECUTE CIRCUITRY i 5100001
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

LcQul — L

INC

'ﬁm - oo

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 90
Execute,
INC
(Part 1)
(busses)

ACCUMULANOR

00001

Assembly Language

Addresses:

Program:

1+1  jemice |

2 V)

DE IN N

equals [UNIT |-'

=== [00 H 11010
CLOCK 1 o1 H 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMi 05 01011
I INSTRUCTION COUNTER, 06 10111
. _REGISTERS __ EXECUTE CONTROL|
LN 07 H 11011
08 H 10110
, 09 H 11010
00010 0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
QPQDDE QPERAND JUMP 0D H 11000
ADDRESS  |ADDRESS o I Toooo
NETRUGTION REGISTERS oF I 00000
¥ 10 H 00000
r—— 1 11
|INCREMENTOR | 5
R St 13
14
15
I_ A R T — . .I 16 00100
17 H 00101
i EXECUTE CIRCUITRY . Fis o000
i ACCUMULATOR | 19
! INSTRUCIION REGISTER|ICONTROL CONTROL ALU CONTROL MEM ] 1A
| Sl ;:].__..T1.T..__. - == s
1C
1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

LcQul . o

INC U
[STOR™ T

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 91
Execute,
INC
(Part 2)
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

1ETIC & |
UNIT r
V)

DE_IN N

=== [00 H 11010
SO 1 o1 {10110
OPCRDE N | =[02{ 10100
T —
. FETCH CIRCUITRY | gj 18(1)(1)3
LOAD PROGRAMi 05 01011
I INSTRUCTION COUNTER,
| REGISTER_S . %CUECO_I\LI'RQLJ 06 10111
— [T 07 11011
08 H 10110
| 09 H 11010
00010 OA 11000
PROGRAM COUNTHR| o8 1- 00010
oCc H 11011
adpdDDE QPERAND | JUMP oD H 11000
ADDRESS  |ADDRESS oE H 10000
NETRUCTIAN REGISTERS OF 00000
| —— 10 H 00000
N 1 11
|INCREMENTOR | 5
L _— e — ]
13
14
15
16 H 00100
ol 4—— .- — L. 1 Fesoien
: EXECUTE CIRCUITRY :
I | [ 184 00001
: ACCUMULATOR - [19
! INSTRUCIION REGISTER|ICONTROL CONTROL ALU CONTROL MEM ] 1A
‘;j--_-':j._-._-;:J-__.]W. e et =
1C
1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

LcQul . o

INC U
[STOR™ T

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 92
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

Y 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
rY——— -
- FETCH CIRCUITRY | 82 18333
LOAD PROGRAMi 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
OA 11000
PROGRAM COUNTHR|[ oB 00010
0C 11011
QPAODE (QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il o1 OE 10000
NEBTRUCTIAN REGISTERS alr ! OF 00000
| ———1" 20 H_00000
™ [ 11
INCREMENTOR | 17
L S — |
00100
=T 17 00101
! EXECUTE CIRCUITRY ]
| | [ 18 00001
: ACCUMULATOR - [ 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
LI\ 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

NG e = L

STOR |

count I
[IVIPT = T

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Assembly Language

Addresses: Program: Explanation Hex
Clock 93 I — 7 100 11010 Again: LOAD # copy the value at ‘cents’ to the Accumulator 00
Fetch 0C ) A iLc,)_CK,Ii 01 H 10110 cents 01
S —— —[ 02 |H 10100 JLT # if the value at ‘nickel’ is less than the Accumulator then 02
‘|| 03 H 10111 nickel # jump to the address ‘Done’’ 03
(busses) . FETCH CIRCUITRY | 54 110000 Done: 04
LoD PROGRAM|II 05 |H 01011 SUB # subtract the value at ‘nickel’ from the Accumulator 05
| srers e 06 H 10111 nickel # and put the result back into the Accumulator 06

. _REGISTERS _ EXECUTE CONTROL|
ACCUMULATOR | =T | ﬂ 07 H 11011 STOR # copy the value in the Accumulator to ‘cents’ 07
08 H 10110 cents 08
— s | i 09 H 11010 LOAD # copy the value at address ‘count’ to the Accumulator 09
00010 I| 11011 OA [H 11000 count 0A
=2t = PROGRAM COUNTHR|['0oB H 00010 LINC o o AL |#add 1 to the Accumulator 0]3]
0C4+ 11011 I|STOR | [# copy the value in the Accumulator to ‘count’ 0C
QPEDDE  QPERAND JUmP ob H 11000 Ifcount | 0D
IDDEESS ADDRESS E H 10000 TIMP™ = T |# unconditional jump to the address ‘Again:’ OE
[—  — = 7 ) NSTRUCTIAN REGISTERS E H 00000 Again: OF
<Gl 2GS | 10 H 00000 Done: HALT # stop the processor — end of program 10

P P prog

| LOGAl\CulJJNlT iMW M ncrementort | 1AL 11
! . _CgPC@)?.l\l_ | !NCREL\AE_'\]TER_! 12 H 12
13 H 13
14 H 14
15 H 15
A U VRO SO Tpovpemy = 16 H 00100 cents 4 # variable -- the name ‘cents’ is the address and 14 is the value 16
17 H 00101 nickel 5 # variable -- the name ‘cents’ is the address and 5 is the value 17
i EAECUTE CIRCUITRY | 18 H 00001 count 1 # variable -- the name ‘count’ is the address and 0 is the value 18
i ACCUMULATOR | 19 19
! INSTRUCITION REGISTER|CONTROL CONTROL ~ALU CONTROL MEM ! [ 1A |- 1A
__[._:I._._:I._._H. =N - =EL =
-{ 1C 1C
1D H 1D
1E H 10000 JMP # unconditional jump to the address ‘Again’’ 1E
1F H 00000 Again: 1F




Clock 94
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

— 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
r-— [ 03 10111
| E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
11011 0A 11000
PROGRAM COUNTHR|[ oB 00010
0oC 11011
QPGODE QPERAND JUMP = oD 11000
ADDRESS  |ADDRESS iF o1 OE 10000
NETRUCTIQN REGISTERS - OF 00000
| ———1" 20 H_00000
I_ 1 11
INCREMENTOR | 17
= —_— — — ]
00100
=71 17 00101
] EXECUTE CIRCUITRY .
| | 18 00001
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
1 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

NG e = L

STOR |

count I
[IVIPT = T

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 95
Fetch OD

(busses)

ACCUMULANOR

00010

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

=== [o0 H 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 H 10100
- [ o3 H 10111
. FE
FETCH CIRCUITRY || Foa1-Iica0e
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
| REGISTER_ . %CUECOI\_IIRQLJ 06 10111
| W 07 H 11011
08 H 10110
- P 09 H 11010
11011 | 11000 0A H 11000
r— ! PROGRAM COUNTHR | [oe 100010
oC H 11011
QPADDE QPERAND JUMP oD 11000
ADDRESS  |ADDRESS E 10000
NSTRUCTIAN REGISTERS F 00000
y -~ 10 H 00000
™ " 11
| INCREMENTOR |
| 12
13
14
15
16 H 00100
wl4— - - — L. 1 Fo1tooe1
: EXECUTE CIRCUITRY :
| | [ 18 H 00001
: ACCUMULATOR - | 19
! INSTRUCJION REGISTER[CONTROL CONTROL ALU CONTROL MEM ] 1A
_:j._.;j._”__:j.___r[ = - = e
1C
1 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

NG e = L

STOR |

count I
[IVIPT = T

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 96
Execute,
activate
opcode
(busses)

ACCUMULA

11011

Assembly Language

Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

===

N REGISTERS

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 00100
17 H 00101
EXECUTE CIRCUITRY i 5100001
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

NG e = L

STOR

count

(JVP = T

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 97
Execute,
STOR
count
(busses)

ACCUMULA

LOAD

=il

OPC@DE IN

!_ FETCH CIRCUITRY |

I INSTRUCTION
REGISTERS

e

11011

11000

— — —

11010

CLOCK |

10110

10100

10111

10000

PROGRAMI
COUNTER,

01011

EXECUTE CONTROL|

10111

11011

10110

11010

ARITHMETIC &
LOGIC UNIT

QPADODE (
MADDRESS

NBTRU(TIAN REGISTERS

LT

i

| \NsTRUG

)PERAND

ADDRESS

PROGRAM COUNTHR

r
| INCREMENTOR |

11000

00010

11011

11000

10000

00000

00000

|

[ION REGISTER

==

EXECUTE CIRCUITRY

ACCUMULATOR
CONTROL CONTROL ALU CONTROL MEM '

5™ i

.

00100

[g <=,

_ 00101_k
00010

— - —

10000

00000

L

A\

h

Assembly Language

Addresses:

Program:

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

NG e = L

STOR |

count I
[IVIPT = T

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 98
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

Y 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
rY——— -
- FETCH CIRCUITRY | 82 18333
LOAD PROGRAMi 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
OA 11000
PROGRAM COUNTHR|[ oB 00010
0C 11011
QPAODE (QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il o1 OE 10000
NEBTRUCTIAN REGISTERS alr ! OF 00000
| ———1" 20 H_00000
™ [ 11
INCREMENTOR | 17
L S — |
00100
=T 17 00101
! EXECUTE CIRCUITRY ]
| | [ 18 00010
: ACCUMULATOR - [ 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
LI\ 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

LCQURL —

IMP I

Done:

Again: I
THALT = T

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Assembly
Addresses:

Language
Program:

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

LCQURL —

JMP

Again:

Done:

HALT = 7

cents

nickel

o1

count

Clock 99 = === [00 11010
Fetch OE N . SLOCKl o1 10110
02 10100
- T |03 10111
} FETCH CIRCUITRY
(busses) | 02 1470000
LOAD PROGRAM| [ [" 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS __ ExECUTE controy | [ 06 10111
ACCUMULATOR =T | W 07 11011
| 08 10110
- - L , 09 11010
00010 Il 10000 : 0A 11000
=% = PROGRAM COUNTHR | (o8 1- 00010
0C 11011
QPAODE (PERAND JUMP oD 11000
ADDRESS ADDRESS O\I:'_: 10000
[—  — "— " —° NSTRUCTIQIN REGISTERS OF 00000
. ARITHMETIC &
| LogicunIT XX r——— " 12 ShLis
| (ALU) | INCREMENTOR |
- . _OPCODEIN _ | - Y — — — 2 12
13
14
15
16 00100
L+ — ==L I o
] EXECUTE CIRCUITRY .
| | | 18 00010
- ACCUMULATOR "1 19
! INSTRUCI'ION REGISTER|CONTROL CONTROL ALU CONTROL MEM ] 1A
__[._:I._._:I._._H. el o n Rl i
1C
1 1D
1E 10000
1F 00000

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 100
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

(ALU)
OPCODE

ARITHMETIC &
LOGIC UNIT

N

— 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
r-— [ 03 10111
| E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
10000 0A H 11000
PROGRAM COUNTHR|[ oB 00010
0oC 11011
QPGODE QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il o1 OE 10000
NETRUCTIQN REGISTERS - OF 00000
| ———1" 20 H_00000
I_ 1 11
INCREMENTOR | 17
= —_— — — ]
00100
=71 17 00101
] EXECUTE CIRCUITRY .
| | 18 00010
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__I._:I._._:I._._l_|. e = o B el
1C
21\ 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

LCQURL —

IMP I

Done:

Again: I
THALT = T

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 101
Fetch 1F

(busses)

ACCUMULA

ARITHMETIC &
LOGIC UNIT

[ —— 11010 l
CLOCK | STk <
OPCEIDE IN =T T L
10100
M T 10111 e
- FETCH CIRCUITRY | - L
\ 10000
LOAD PROGRANII 01011 -{'
INSTRUCTION COUNTER, -4'
. _REGISTERS __  EXECUTE CONTROL| 10111 =
[ 11011
_
10110
11010 |qumnly
== : -
10000 ] : 11000
I'| PROGRAM coUNTER 50010 b
1
11011
PADDE  QPERAND 11000 e
ADDRESS  |ADDRESS 15000 e,
NETRUCTIAON REGISTERS SR
00000
L |
|INCREMENTOR | ]
— —— ]
|
|
00100 |dems
I. 4 R ! Y . .I 00101 -
: EXECUTE CIRCUITRY - -
| | 00010 |G
[ ACCUMULATOR J m
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM !
|
|
A 10000 :
00000

Assembly Language

Addresses:

Program:

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

LCQURL —

IMP I

Done:

Again: I
THALT = T

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 102
Execute,
activate
opcode
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

N REGISTERS

===

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
00000 0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 00100
17 H 00101
EXECUTE CIRCUITRY i 5100010
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

LCQURL — L

JMP

Again:

Done:

HALT = T

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 103
Execute,
JMP
Again:
(busses)

ACCUMULA

Assembly Language
Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

=== [00 11010
Ef?EfFJ 01 10110
OPCEPEN | = [02 4 10100
Y— =
. FETCH CIRCUITRY | 82 18(1)(1)3
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
| REGISTERS EXECUTE CONTROLJ 06 10111
—IT 07 H 11011
08 10110
: 09 11010
10000 00000 0A 11000
OUNTER| [ 0B 00010
0C 11011
OPCQODE ( JUMP oD 11000
ADDRESS  |[ADDRESS OE 10000
NSTRUCTIQIN REGISTERS OF 00000
y —— 10 00000
F' 1 11
| INCREMENTOR | 5
= —_— — — ]
13
14
15
16 00100
wlL— - || 1 T
. EXECUTE CIRCUITRY !
| | 18 00010
: ACCUMULATOR 19
! INSTRUCIIION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
_-r'—:l'—'——m—'T| S O =
1C
1 1D
1E 10000
1F 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

LCQURL — L

JMP

Again:

Done:

HALT = T

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 104
Fetch 00

(busses)

ACCUMULANOR

00010

Assembly Language
Addresses:

Program:

(ALU)
OPCOD

E IN

ARITHMETIC &
LOGIC UNIT

— == [ooH 11010
I CLOCK 1 o1 H 10110
OPCEDE IN 02 H 10100
- [ 03 10111
. FETCH CIRCUITRY :
| Il oz H Too00
LOAD rrocramy | [08 |H 01011
I INSTRUCTION COUNTER, r
_ REGISTERS %CUECOI\_IIRQLJ OE) 10111
ITT o7 11011
08 H 10110
__dr - 09 H 11010
il 11010 : 0A H 112000
- — PROGRAM COUNTHR| [ 0B 00010
0C H 11011
dPdDDE  (PERAND JUMP oD H 11000
ADDRESS  |ADDRESS 0E 10000
NSTRUCTIQIN REGISTERS OF 00000
m — 10 H 00000
F' L 11
|INCREMENTOR | 5
L —_— e —
13
14
15
16 H 00100
ol 4—— .- — L. 1 Fesoien
\ EXECUTE CIRCUITRY :
I | 18 H 00010
: ACCUMULATOR 19
! INSTRUCI'ION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
T =TT O ]‘| T T =18
1C
21\ 1D
1E H 10000
1F H 00000

Again:

LOAD |i

cents ]

'Jn- - oo

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 105
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

— 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
r-— [ 03 10111
| E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
11010 0A 11000
PROGRAM COUNTHR|[ oB 00010
0oC 11011
QPGODE QPERAND JUMP = oD 11000
ADDRESS  |ADDRESS iF oo OE 10000
NETRUCTIQN REGISTERS - OF 00000
| ———1" 20 H_00000
F' 1 11
INCREMENTOR | 17
= —_— — — ]
00100
=71 17 00101
] EXECUTE CIRCUITRY .
| | 18 00010
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
1 1D
1E 10000
1F 00000

Again:

LOAD |i

cents ]

'Jn- -

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 106
Fetch 01

(busses)

ACCUMULA

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

——== [o0 H 11010 :
SO 1 o 10110 I
e S - [[02 | 10700 j¢==p
[ 1[ 03 H 10111
- FETCH CIRCUITRY | -{
'l 04 H 10000
LOAD PROGRAI\/II 05 01011 -<
| INSTRUCTION COUNTER, - -<
. REGISTERS __ ExecuTE controy | [ 06 10111 =
T 07 11011
‘ ¢
08 10110 -‘
— - &5 09 | 11010 |G <
11010 | 10110 0OA H 11000
- ' PROGRAM COUNTER | [oB 1 50010 |damb,
- ¢
oC H 11011
QrPdbDE QPERAND | JuMP 5 L 11000 ldamd.
ADDRESS  |ADDRESS SE L 10000 ldamb,
NETRUCTIAN REGISTERS 51 50000 damb.
10 00000 .
M 1 11 -
|INCREMENTOR | ]
K 12
e -
13
|
14
15 -
|
16 1+ 00100 |G
vl i+ ——r - —-L_._._ o
| EXECUTE CIRCUITRY L AL 00101 e
| | [18 ] 00010 |ques
1 ACCUMULATOR - | 19 -
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM | | 1A
|
1C
|
1 1D =
1E 10000 o
1F 00000

Assembly Language

Addresses:

Program:

Again:

LOAD |i

cents ]

'Jn- -

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 107
Execute,
activate
opcode
(busses)

ACCUMULA

11010

Assembly Language
Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

===

N REGISTERS

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 00100
17 H 00101
EXECUTE CIRCUITRY i 5100010
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD |i

cents ]

'Jn- - oo

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Assembly Language

Addresses: Program:
N\ )
Clock 108 (™ - —= 00 H 11010 : Again. |I[LOAD -||
i gain:
Execute, ol EC.)_CKTJ 01 H 10110 =:: I[cents ||
LOAD | L= [0z {10100 = fio——
- Y—— — |
cents ' FETCH CIRCUITRY | 03 10111 = nlckel.
(busses) 1l 04 10000 = Done:
LOAD PROGRAI\/II 05 01011 SUB
| INSTRUCTION COUNTER, 4 _
. _REGISTERS __ EXECUTE conTroy| | 06 10111 = nickel
ACCUMULATIOR —IT 07 H 11011 =) STOR
08 10110 -{' cents
— e . 09 H 11010 [qe=p LOAD
{ 00100 11010 |[ 10110 0A HH 11000 count
e r— ! PROGRAM COUNTHRI [ oB 00010 =:= INC
11, 0C H 11011 STOR
QrPdbDE QPERAND | JumP 0 1 11000 damb, count
ADDRESS  ADDRESS SE L 10000 damb, VP
[ NETRUCTIAN REGISTERS =l =:l Agan
! LOGIC UNIT 9 — 12 00000 = Done: HALT
| (ALV) | INCREMENTOR | <
- —_. _OPCODEIN_ 1 12 =
13 =
—| 14
— <
vl i L [ _ .| [£5--{00100 j¢emp cents_| 14
17 H oo101 nickel | [5
: EXECUTE CIRCUITRY .
| | [ 18 H 00010 = count | [2
1 ACCUMULATOR "1 19 -
! INSTRUCJION REGISTER[CONTROL CONTROL ALU CONTROL MEM 1 1A
1C -
1D :
1E 10000 o JMP
1F 00000 Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 109
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

Y 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
rY——— -
- FETCH CIRCUITRY | 82 18333
LOAD PROGRAMi 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
OA 11000
PROGRAM COUNTHR|[ oB 00010
0C 11011
QPAODE (QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il oo OE 10000
NEBTRUCTIAN REGISTERS alr ! OF 00000
| ———1" 20 H_00000
™ [ 11
INCREMENTOR | 17
L S — |
00100
=T 17 00101
! EXECUTE CIRCUITRY ]
| | [ 18 00010
: ACCUMULATOR - [ 19
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__[._:I._._:I._._l_|. e = o B el
1C
LI\ 1D
1E 10000
1F 00000

Again:

LOAD

LCANS. — d

LT I

nickel  |i

Done: I

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Assembly Language
Addresses:

Program:

Clock 110 = === [00 11010
Fetch 02 orcllse COCK 1 o1 4 o110
~ 02 10100
T 103 H 10111
. FETCH CIRCUITRY .
(busses) | Il 702 1H zoooo
LOAD PROGRAMI OE) 01011
I INSTRUCTION COUNTER, r
. _REGISTERS___ ExecuTE controy | [ 06 10111
ACCUMULATIOR =T | ﬂ 07 H 11011
08 10110
00100 Il 10100 : OA 11000
- = PROGRAM COUNTHR| [ 0B 00010
oC 11011
QPQADPDE QPERAND JUMP ob H 11000
ADDRESS  |ADDRESS OE 10000
[ = — — " "~ NSTRUCTIAN REGISTERS OF 00000
- ARITHMETIC &
| LoGicuniT MM 1 12 =
| (ALU) | INCREMENTOR |
.___ . _OPCODEIN . — —_— 12
13
14
15
16 00100
L+ — ==L e .
! EXECUTE CIRCUITRY |
| | 18 00010
: ACCUMULATOR 19
! INSTRUCIION REGISTER|[CONTROL CONTROL ALU CONTROL MEM I 1A
M Il el Ml i '|'| TN T =B
1C
1 1D
1E 10000
1F 00000

Again:

LOAD

LCANS. —

LT I

nickel  |i

Done: ]

'w? - oo

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 111
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

— 00 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 10100
r-— [ 03 10111
| E
FETCH CIRCUITRY | oa 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 10110
, 09 H 11010
10100 0A H 11000
PROGRAM COUNTHR|[ oB 00010
0oC 11011
QPGODE QPERAND JUMP = oD 11000
ADDRESS ADDRESS Il oo OE 10000
NETRUCTIQN REGISTERS - OF 00000
| ———1" 20 H_00000
I_ 1 11
INCREMENTOR | 17
= —_— — — ]
00100
=71 17 00101
] EXECUTE CIRCUITRY .
| | 18 00010
: ACCUMULATOR 119
! INSTRUCFION REGISTER|CONTROL CONTROL ~ ALU CONTROL MEM ! [TTA
__I._:I._._:I._._l_|. e = o B el
1C
21\ 1D
1E 10000
1F 00000

Again:

LOAD

LCANS. — d

LT I

nickel  |i

Done: I

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 112
Fetch 03

(busses)

ACCUMULA

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

=== [00 H 11010 :
CLOCK | o7 1 70110 |demmy
OPC@DE IN = o I {
e gy | B8
' FETCHCIRCUITRY || |-93 204
' ['04 H 10000
LOAD PROGRAIVII 05 01011 -<
| INSTRUCTION COUNTER, - -<
. REGISTERS __ ExecuTE controy | [ 06 10111 =
T 07 11011
‘ ¢
08 1 10110 |¢e=p
— 4 09 1 11010 ==
10100 | 10111 0OA H 11000
- ! PROGRAM COUNTER | [oB 1 50010 |damb,
. [
0C H 11011
QrPdbDE QPERAND | JuMP 5 L 11000 ldamd.
ADDRESS  |ADDRESS SE L 10000 ldamb,
NETRUCTIAON REGISTERS 1M 50000 |demn
10 | 00000 | s
M 1 11 -
| INCREMENTOR | -
HEIEE
e -
13
14 -
15 -
|
16 | 00100 |dwes
Ol L — - L .
| EXECUTE CIRCUITRY L AL 00101 e
| | [ 18- 00010 s
i ACCUMULATOR - 119 -
! INSTRUC|ION REGISTER|CONTROL CONTROL ALU CONTROL MEM 1 1A
L
1C
L
1 1D =
E 1-{ 10000 |¢mme
1F |H 00000

Assembly Language

Addresses:

Program:

Again:

LOAD

LCANS. — d

LT I

nickel  |i

Done: I

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 113
Increment
Program
Counter
(busses)

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &
| LOGIC UNIT
| (ALU)
: OPCODE IN

— == [o0 H 11010
OPC@DE IN E—C')_CK'_I 01 10110
02 H 10100
T |03 H 10111
. FE
FETCH CIRCUITRY || Foa1-Iica0e
LOAD PROGRAM| | [ 05 01011
I INSTRUCTION COUNTER,
. _REGISTERS ___ ExECUTE controy| [ 06 10111
LN 07 H 11011
08 H 10110
: 09 H 11010
10100 || 10111 OA 11000
PROGRAM COUNTAR | [oe 100010
0oC H 11011
QPADDE  (PERAND JUMP - 0D H 11000
ADDRESS  |ADDRESS T OE I 10000
NSTRUCTIAN REGISTERS —T OF 00000
y e 10 H 00000
[ " 11
INCREMENTOR | >
L _— e —
00100
=7 17 H 00101
: EXECUTE CIRCUITRY :
| | [ 18 H 00010
: ACCUMULATOR - [ 19
! INSTRUCJION REGISTER[CONTROL CONTROL ALU CONTROL MEM ] 1A
__[._:I._._:I._._H. = - = e
1C
71\ 1D
1E [H 10000
1F H 00000

Again:

LOAD

LCANS. — d

LT I

nickel  |i

Done: I

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 114
Fetch 04

(busses)

ACCUMULA

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCOD

E IN

IR === [o0 H 11010 l
CLOCK | 5T {10110 ¢y
OPgPEN 02 H 10100 =::
- [ o3 H 10111
. FETCH CIRCUITRY
I\ 04 10000
LOAD PROGRAM [y
INSTRUCTION COUNTERI "3 e -<
. REGISTERS ___ ExecuTE controy | [ 06 10111 =
— ] 07 - 11011 |4==p
08 10110 -‘
| oo an\gin e o 09 11010 -‘
10100 10111 |i| 10000 | 0A 11000
=1 | PrOGRAM COUNTER| 0BT 00010 Idambd,
- ¢
oC H 11011
QrPdbDE QPERAND | JuMP 5 L 11000 ldamd.
ADDRESS  |ADDRESS SE L 10000 ldamb,
NETRUCTIAN REGISTERS 51 50000 damb.
10 00000 -
M 1 11 -
|INCREMENTOR | 5 T
— —— ]
13
]
14
|
15 =
16 |- 01001 |G
vl i+ ——r - —-L_._._ 1 Fsorer
. EXECUTE CIRCUITRY .
| | 18 |H 00001 |
|
i ACCUMULATOR 19 -
! INSTRUCIIION REGISTER CONTROL CONTROL ALU CONTROL IVIEI\/I I 1A
L]
1C
]
1 1D =
1E 10000 o
1F 00000

Assembly Language

Addresses:

Program:

Again:

LOAD

LCANS. —

JLT

nickel

Done:

'w? - oo

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 115
Execute,
activate
opcode
(busses)

ACCUMULA

Assembly Language
Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

N REGISTERS

===

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
10000 0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 00100
17 H 00101
EXECUTE CIRCUITRY i 5100010
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD

LCANS. —

LT I

nickel  |i

Done: ]

'w? - oo

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 116
Execute,
JLT
nickel
(busses)

ACCUMU

00100

LABOR

4

<

JMP is
executed

5

this is true so

Assembly Language
Addresses: Program:
— 00 11010 Again: LOAD
. EC.)_CKTJ 01 H 10110 feens — 1
| =[02{ 10100 1oLt I
o o3 H 10111 I[nickel |1
- FETCH CIRCUITRY 1} =521 ™ To000 I[Done: |
LOAD PROGRAMI 05 01011 -'SUB- - -r
I INSTRUCTION COUNTER, "
. _REGISTERS _ EXECUTE_ CONTROL| 06 10111 nickel
LN 07 H 11011 STOR
08 10110 cents
, 09 H 11010 LOAD
10100 10111 10000 0A 11000 count
PROGRAM COUNTHR| 0B 00010 INC
0C 11011 STOR
QPGODE @PERAND JUMP oD 11000 count
ADDRESS ADDRESS OE 10000 IJMP
NETRU(QTIAN REGISTERS OF 00000 Again:
- 10 00000 Done: HALT
[ 11
| INCREMENTOR | 17
L _— e — ]
13
— 14
1 16 {H 00100 cents | |4
=07 — = . A T L 00101 nickel | [5
- EXECUTE CIRCUITRY . '
| | 18 00010 count 2
- ACCUMULATOR | 19
! INSTRUCJ'ION REGISTER[CONTROL CONTROL ~ ALU CONTROL MEM ! ["1A
—_I'_J'_'_:r_'_H'T'_' e Bl =
1C
1D
1E 10000 JMP
1F 00000 Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 117
Execute,
JMP
Done:
(busses)

ACCUMULA

Assembly Language
Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

=== [00 11010
Ef?EfFJ 01 10110
OPCEPEN | = [02 4 10100
Y— =
. FETCH CIRCUITRY | 82 18(1)(1)3
LOAD memAM| 05 01011
I INSTRUCTION COUNTER,
| REGISTERS EXECUTE CONTROLJ 06 10111
—IT 07 H 11011
08 10110
: 09 11010
10100 10111 10000 0A 11000
OUNTER| [ 0B 00010
0C 11011
OPCQODE ( JUMP oD 11000
ADDRESS  |[ADDRESS OE 10000
NSTRUCTIQIN REGISTERS OF 00000
y —— 10 00000
F' 1 11
| INCREMENTOR | 5
= —_— — — ]
13
14
15
16 00100
wlL— - || 1 T
. EXECUTE CIRCUITRY !
| | 18 00010
: ACCUMULATOR 19
! INSTRUCIIION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
_-r'—:l'—'——m—'T| S O =
1C
1 1D
1E 10000
1F 00000

Again:

LOAD

LCANS. —

LT I

nickel  |i

Done: ]

'w? - oo

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

Again:

Done:

HALT

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 118
Fetch 10

(busses)

ACCUMULANOR

00100

ARITHMETIC &
LOGIC UNIT

i (ALU)
] OPCODE IN

=== [00 11010
G L2 [or o110
< 02 10100
- |l 03 10111
. FETCH CIRCUITRY |
| 04 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
| REGISTERS %CUECOI\_IIRQLJ 06 10111
=T | ﬂ 07 H 11011
08 10110
_hC ; 09 11010
ll 00000 0A 11000
e PROGRAM COUNTHR| [ oB 00010
0C 11011
OPCGDDE (OQPERAND JUMP oD 11000
ADDRESS ADDRESS OE 10000
NSTRUCTIQIN REGISTERS OF 00000
L 1014 00000 |quusp
|_ - = 1
“NCREMENTORl 1;
= —_— — — ]
13
14
15
16 00100
vl i+ ——r - —-L_._._ 1 o
] EXECUTE CIRCUITRY !
| | 18 00010
: ACCUMULATOR 19
! INSTRUCI'ION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
T =TT O '|'| T T~ =18
1C
21\ 1D
1E 10000
1F 00000

Assembly Language
Addresses:

Program:

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

LAgain: o L

Done:

HALT [l

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Clock 119
Execute,
activate
opcode
(busses)

ACCUMULA

Assembly Language
Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

|
| \nsTRUC

s

[NON REGISTER

===

N REGISTERS

=== [00 11010
SLOCK 1 o1 10110
OPC@DE IN L_u1 02 10100
C FETCH CIRCUITRY | gj 183(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER, 06 10111
| REGISTERS EXECUTE CONTROLJ
—IT 07 H 11011
_‘ 08 10110
09 11010
0A H 11000
PROGRAM COUNTHRI [ oB 00010
0C H 11011
JUMP 0D 11000
OF H 00000
10 H 00000
r—— 1 11
“NCREMENTORl 17
R St 13
14
15
............ 16 00100
17 H 00101
EXECUTE CIRCUITRY i 5100010
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
R ]‘| T T =18
1 :
P, N 1D
1E H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

count

JMP

LAgain: o L

Done:

HALT [l

cents

nickel

o1

count

JMP

Again:

Explanation Hex
# copy the value at ‘cents’ to the Accumulator 00
01
# if the value at ‘nickel’ is less than the Accumulator then 02
# jump to the address ‘Done’’ 03
04
# subtract the value at ‘nickel’ from the Accumulator 05
# and put the result back into the Accumulator 06
# copy the value in the Accumulator to ‘cents’ 07
08
# copy the value at address ‘count’ to the Accumulator 09
0A
# add 1 to the Accumulator 0B
# copy the value in the Accumulator to ‘count’ oC
oD
# unconditional jump to the address ‘Again’’ OE
OF
# stop the processor — end of program 10
11
12
13
14
15
# variable -- the name ‘cents’ is the address and 14 is the value 16
# variable -- the name ‘cents’ is the address and 5 is the value 17
# variable -- the name ‘count’ is the address and O is the value 18
19
1A
1B
1C
1D
# unconditional jump to the address ‘Again:’ 1E
1F




Assembly Language

Addresses: Program: Explanation Hex
Clock 120 _ — ‘ :
Execute, CLOCK | 00 H 11010 Again: LOAD # copy the value at ‘cents’ to the Accumulator 00
L — 01 H 10110 cents 01
HALT I_O_PC [_)El\l _____ ]: I_T 02 H 10100 JLT # if the value at ‘nickel’ is less than the Accumulator then 02
‘|| 03 H 10111 nickel # jump to the address ‘Done’’ 03
(busses) . FETCH CIRCUITRY | o4 110000 Done. o4
| INST;%AC%ON PcRooanTTAEI\QI 05 H 01011 SUB # subtract the value at ‘nickel’ from the Accumulator 05
| REGISTERS__ _ EXECUTE conTroy || 06 |4 10111 nickel # and put the result back into the Accumulator 06
ACCUMULA | T ]_ 07 H 11011 STOR # copy the value in the Accumulator to ‘cents’ 07
08 H 10110 cents 08
, 09 H 11010 LOAD # copy the value at address ‘count’ to the Accumulator 09
00000 0A H 11000 count 0A
PROGRAM COUNTER "o }-{ 00010 INC # add 1 to the Accumulator OB
11 STOR # copy the value in the Accumulator to ‘count’ oC
QPADDE QPERAND | JUMP count 0D
IDDEESS ADDRESS JMP # unconditional jump to the address ‘Again’’ OE
[— = = 7 ) NETRUCTIAN REGISTERS JAgain 1 OF
ARITHMETIC & | Done: [I|HALT | # stop the processor — end of program 10
_ LOGLEL[JJNIT i—fww - ———1 1 e Rt 11
! : _CSPC@)?.N_ | !NCREL\AE_'\]TER_! 12 - 12
13
14
15
cents 4 I # variable -- the name ‘cents’ is the address and 14 is the value 16
HALT g COICKe 11D # variable -- the name ‘nickel’ is the address and 5 is the value 17
. count 2 I # variable -- the name ‘count’ is the address and O is the value 18
Results in memory 19
“count of 2 nickels” and“4 cents remaining” 1A
| J - L—11B H 1B
1C H 1C
1D 1D
1E H 10000 JMP # unconditional jump to the address ‘Again’’ 1E
1F H 00000 Again: 1F




Next Presentation:
Execute first SUB opcode, clocks 19 to 25

End of Presentation



