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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




Assembly Language

Addresses: Program: Explanation Hex
Clocks I B — 100 11010 Again: LOAD # copy the value at ‘cents’ to the Accumulator 00
1to3 L SHOSK 1 o1 10110 cents 01
Fetch , I_O_PC El\l _____ m_ lT 02 H 10100 JLT # if the value at ‘nickel’ is less than the Accumulator then 02
1E & 1F 11 03 H 10111 nickel # jump to the address ‘Done:’ 03
. FETCH CIRCUITRY | o4 - 10000 Done. 04
INST;CL’JAC'%ON PcR(;)anTTAE'\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
ACCUMULAROR =] W 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
Il 10000 : Il 00000 [ OA H 11000 count 0A
=F — = | PROGRAM COUNTHR| 0B | 00010 INC # add 1 to the Accumulator 0B
0C H 11011 STOR # copy the value in the Accumulator to ‘count’ oC
QPAODE (QPERAND JUMP oD H 11000 count oD
IDDRESS ADDRESS OE H 10000 JMP # unconditional jump to the address ‘Again:’ OE
[—  — = 7 0 NETRUCTIAN REGISTERS OF H 00000 Again: OF
Gl 12UIS 10 H 00000 Done: HALT # stop the processor — end of program 10
\ LOGIC UNIT el el bl d e I— i | 11 11
| (ALU) | | INCREMENTOR | B =

- . _OPCODEIN . __ — — — — :
13 13
14 14
15 15
A U VRO SURUR Tpovpemy = 16 H 01110 cents 14 # 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 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
Bl R e S E '|'| N 1 Ry il -3 1B
1C H 1C
1 1D H i I 1D
1E 10000 |¢uep 1{amP Il [# unconditional jump to the address ‘Again:’ 1E
1F++ 00000 I[Again: i 1F




Clocks
4to5
Execute,
JMP
Again:

ACCUMULA

Assembly Language
Addresses:

Program:

ARITHMETIC &
LOGIC UNIT

i (ALU)
] OPCODE IN

~
|

——= [o00 H 11010
SO 1 o1 {10110
OPCEPEIN | &[02 1 10100
S -
- FETCH CIRCUITRY | gj 18&1)3
LOAD PROGRAMI 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
= PROGRAM COUNTHRIT 0B 00010
oC H 11011
DE QPERAND JUMP oD 11000
ADDRESS ADDRESS OE 10000
RUCTIAN REGISTERS OF 00000
——— 10 H 00000
I_ [ 11
IINCRHWENTORl 1
L _— e —
13
14
15
16 H 01110
4. | Y I 1 Fsoton
: EXECUTE CIRCUITRY :
| | 18 H 00000
: ACCUMULATOR 19
! INSTRUCIION REGISTER|JCONTROL CONTROL ALU CONTROL MEM I 1A
‘m'—:r—'—-m—'ﬂ I i [ il
1C
i 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




Assembly Language

Addresses: Program: Explanation Hex

Clocks I 7 100 11010 Again: I-LBA?) B -|l # copy the value at ‘cents’ to the Accumulator 00
6to8 i L SO 1 110110 Ifcents  |I 01
Fetch I_O_P_“ El\l _____ —[ 02 H 10100 TICT™ = T |#if the value at ‘nickel is less than the Accumulator then 02
00 & 01 1| 08 H 10111 nickel # jump to the address ‘Done:’ 03
. FETCH CIRCUITRY | 94 110000 Done: 04

| INST;%AC'%ON PcRooanTTAEI\QI 05 H 01011 SUB # subtract the value at ‘nickel’ from the Accumulator 05

| REGISTERS _ _ ExecUTE conTroy || 06 [ 10111 nickel # and put the result back into the Accumulator 06

ACCUMULATOR | =T | { { 07 H 11011 STOR # copy the value in the Accumulator to ‘cents’ 07
08 H 10110 cents 08

- el e £ ' 09 H 11010 LOAD # copy the value at address ‘count’ to the Accumulator 09

I| 11010 10110 0OA H 11000 count 0A

=F — | PROGRAM COUNTER "o |- 00010 INC # add 1 to the Accumulator OB

0C H 11011 STOR # copy the value in the Accumulator to ‘count’ oC

QPAODE (QPERAND JUMP ob H 11000 count oD

IDDEESS ADDRESS OE H 10000 JMP # unconditional jump to the address ‘Again’’ OE

[— = = 7 ) NETRUCTIAN REGISTERS oOF 1 00000 Again: OF
il | 10 H 00000 Done: HALT # stop the processor — end of program 10

| LOGAl\CulJJNlT iMW M ncrementort | 1AL 11

! . _CgPC@)?.l\l_ | !NCREL\AE_'\]TER_! 12 H 12

13 13

14 14

15 15

A U VRO SO Tpovpemy = 16 H 01110 cents 14 # 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 00000 count 0 # variable -- the name ‘count’ is the address and O is the value 18

] ACCUMULATOR "1 19 H 19

! INSTRUCITION REGISTER|CONTROL CONTROL ~ALU CONTROL MEM ! [ 1A |- 1A
__[._:I._._:I._._H. =N - =EL =

-{ 1C - 1C

1D 1D

1E H 10000 JMP # unconditional jump to the address ‘Again’’ 1E

1F H 00000 Again: 1F




Assembly Language

Addresses: Program:
N\ )
Clocks | =T - —= 00 H 11010 l Again. JI[LOAD._|I
i gain:
910 10 CLOCK | 571 70110 (¢ ifcens |
Execute OPCBIDE IN L i 55 0700 =<: ===
I— s el s e r — o m— . —. { -
LOAD ' EETCH CIRCUITRY | 03 10111 = nlckel.
cents 04 10000 -{' Done:
LOAD PROGRAMI 05 01011 SUB
| INSTRUCTION COUNTER, 4 _
. REGISTERs___ ExecuTe controyyfl [ 06 10111 -{' nickel
ACCUMULAROR —IT 07 H 11011 — STOR
08 10110 -{' cents
— e . 09 H 11010 [qe=p LOAD
{ 01110 11010 10110 0A 11000 count
- — ! = PROGRAM COUNTHRI [ oB 00010 =:= INC
11 0C H 11011 STOR
I DE QPERAND JUMP oD I T1o000 U =T
ADDRESS  ADDRESS SE L 10000 damb, S
[ RUCTIOIN REGISTERS =l =:l Agan
! LOGIC UNIT — 12 00000 = Done: HALT
| (ALV) | INCREMENTOR | <
._ . _OPCODEIN_ . R 12 =
13
— Iz )
 — — <
| . N 1 | = | cerlltsl 14
17 00101 nicke 5
. EXECUTE CIRCUITRY .
| | 18 00000 = count 0
] ACCUMULATOR 19 -
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
i [ e A _ r'_|_1|3 o
|
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




Clocks
11 to 16
Fetch
02, 03, 04

ACCUMULANOR

01110

Assembly Language
Addresses:

Program:

OPC@BDE IN

LOAD
I INSTRUCTION
. _REGISTERS

— — —

CLOCK |

— g— —

11010

FETCH CIRCUITRY |

EXECUTE CONTROLY

ARITHMETIC &
LOGIC UNIT

(ALU)

OPCODE

—I]
10100 10111 [ 10000 |
Er—= oy S = PROGRAM COUNTHR
OPCGDDE (OQPERAND JUMP
ADDRESS ADDRESS
NSTRUCTIAN REGISTERS
“NCREMENTORl
—_— — — ]
L —r— = 2
! EXECUTE CIRCUITRY i
|
[ ACCUMULATOR
! INSTRUCTION REGISTER CONTROL CONTROL ALU CONTROL MEM I
Ry [ ==

10110

10100

A= - !

10111

10000

PROG RAMI
COUNTER,

01011

10111

11011

10110

11010

11000

00010

11011

11000

LN BEEE B4 BYWA B d W B Bad Bl B4l Al

10000

00000

00000

01110

00101

00000

10000

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




Clocks
17 to 18
Execute

JLT
nickel

ACCUMULANOR

01110

14 <

5

this is false so
no further
action is done

Assembly Language
Addresses: Program:
1 00 11010 Again: LOAD
. EC.)_CKTJ 01 H 10110 Jeens — 1
| =[02{ 10100 1oLt I
o “[[ 03 H 10111 1| nickel |
- FETCHCIRCUITRY 11 =521 70000 |[Done: Il
LOAD PROGRAMl 05 01011 TSUB™ =™ T
I INSTRUCTION COUNTER, ;
. REGISTERs___ ExecuTe controyyfl [ 06 10111 nickel
—IT| 07 H 11011 STOR
08 10110 cents
, 09 H 11010 LOAD
10111 10000 OA 11000 count
PROGRAM COUNTHRI [ oB 00010 INC
0C 11011 STOR
QPERAND JUMP oD 11000 count
ADDRESS ADDRESS OE 10000 IJMP
RUCTIAN REGISTERS OF 00000 Again:
10 00000 Done: HALT
[ 11
| INCREMENTOR | 17
L _— e —
13
| 14
1 16 [H 01110 cents | [14
T = ] S T 1 [1F 00101 nickel | [5
: EXECUTE CIRCUITRY . -
| | 18 00000 count 0
i ACCUMULATOR 19
! INSTRUQFION REGISTER|CONTROL - CONTROL _ ALU CONTROL MEM | 1A
W'_J'_'_:I_"H'T — r'_l—lB
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




Clocks
19 to 22
Fetch
05 & 06

ACCUMULANOR

01110

Assembly Language

Addresses:

Program:

ARITHMETIC &
LOGIC UNIT

(ALU)

OPCODE

——= [00 H 11010
i SO 1 Mot H 10110
“ 02 H 10100
r ~[[o3H 10111
. FETCH CIRCUITRY
| || o4 {10000
LOAD PROGRAM| 05 01011
I INSTRUCTION COUNTER, d
. REGISTERS __ ExecUTE controy | [ 06 10111
=[] { 07 H 11011
08 H 10110
= 09 H 11010
10111 0A |H 11000
= ! PROGRAM COUNTHR | [0 100010
0C H 11011
DPERAND oD H 11000
ADDRESS  |ADDRESS oE 10000
NETRUCTIAN REGISTERS OF 00000
-~ 10 H 00000
™ [ 11
INCREMENTOR |
R 12
13
14
15
16 H 01110
IR Y E 1 Fo1 oot
EXECUTE CIRCUITRY :
| [ 18 [ 00000
: ACCUMULATOR 19
! INSTRUCJ'ION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
—l= ==t = _r| ! == s
1C
LI\ 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




Clocks
23 to 25
Execute

SUB

Nickel

ACCUMULANOR

Assembly Language
Addresses: Program:
1 00 11010 Again: LOAD
SO 1 o1 10110 cents
e Sl | [02}{ 10100 LT
o ~|[ 034 10111 nickel
. FETCH CIRCUITRY
Il 04 H 10000 Jhone — 1
LOAD PROGRAMl 05 01011 IISUB U
I INSTRUCTION COUNTER, ;
. REGISTERs___ ExecuTe controyyfl [ 06 10111 I| nickel I
1T 07 H 11011 TSTOR™ T
08 10110 cents
, 09 H 11010 LOAD
10111 OA 11000 count
PROGRAM COUNTHRI [ oB 00010 INC
0C 11011 STOR
QPERAND JUMP oD 11000 count
MADDRESS ADDRESS OE 10000 JMP
RUCTIAN REGISTERS OF 00000 Again:
10 00000 Done: HALT
[ 11
| INCREMENTOR | 17
= s |
13
| 14
1 16 [H 01110 cents | [14
T — — . T — 1 [17]H oo101 nickel | [5
: EXECUTE CIRCUITRY - '
| | 18 00000 count 0
| ACCUMULATOR 19
! INSTRUCFION REGISTER[CONTROL  CONTROL _ ALU CONTROL MEM | 1A
W'_J'_'_:I_"H - M~ =18
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




Clocks
26 to 29
Fetch
07 & 08

ACCUMULANOR

01001

Assembly
Addresses:

Language

Program:

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

=== [o00 H 11010
i SO 1 Mot H 10110
: 02 H 10100
. |[[o3H 10111
. FETCH CIRCUITRY |
| 'l 04 |H 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERs___execuTe controy [ [ 06 |- 10111
| =T | { ; 11011
08— 10110
- i £ 09 H 11010
i 11011 J{ 10110 0OA H 11000
-3 = ! PROGRAM COUNTHR | 0B 100010
oc H 11011
QPJDDE QPERAND oD H 11000
ADDRESS  |ADDRESS OE 10000
NSTRUCTIAN REGISTERS oF 00000
L - 10 H 00000
™ ! 11
| INCREMENTOR | 17
L S — |
13
14
15
16 H 01110
vl L. 1 Froso
: EXECUTE CIRCUITRY :
| | [ 18 H 00000
: ACCUMULATOR - [19
! INSTRUCJION REGISTER[CONTROL CONTROL ALU CONTROL MEM 1 1A
__[._:I._._:I._._H. R S e Bl s
1C
i 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

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




N )
Clocks A === [00 H 11010 l
30to 31 CLOCK | <
—— . [o1H 10110
Execute OPC@DE IN I_ T 05 10100 =<=
I_ el . — o — o — . _. {
>TOR . FETCH CIRCUITRY | 05 - 10111 =»
cents 04 10000
LOAD PROGRAMI 05 01011 -{'
| INSTRUCTION COUNTER, 4
. _REGISTERS ___ EXeCUTE conTroy| | 06 10111 =
ACCUMULA —IT 07 H 11011 -
08 10110 -{'
, 09 H 11010 =
01001 11011 |[ 10110 0A HH 11000
; PROGRAM COUNTER| Mo 1L 00010 Idemd
niis 0C | 11011 b
I [ — (QPERAND oD 11000 -"
| ADDRESS  |ADDRESS SE L 10000 damb,
(=== RUGTIAIN REGISTERS =11 50000 damb,
- ARITHMETIC & 0 00000 [
| LogicunIT - = Y
| (ALV) | INCREMENTOR | <
._ . _OPCODEIN_ . R 12 =
13
— Iz )
— — <
| I N o =
| EXECUTE CIRCUITRY ;| L7 ] OUIDT Qe
| | 18 |- 00000 |G
1 ACCUMULATOR 19 -
! INSTRUCJ'ION REGISTER|JCONTROL CONTROL ALU CONTROL MEM I 1A
J Tl T T|' TN T s :
1C o
1 1D =
1E 10000 o
1F 00000

Assembly Language

Addresses:

Program:

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




Clocks
32to 35
Fetch
09 & OA

ACCUMULANOR

01001

Assembly Language

Addresses:

Program:

LOAD

. _REGISTERS

CLOCK |

— g— —

OPC@BDE IN

FETCH CIRCUITRY

PROG RAMI
COUNTER,
. EXECUTE CONTROLy

I INSTRUCTION

ADDRESS

ARITHMETIC &
LOGIC UNIT

N REGISTERS

EXECUTE CIRCUITRY

[NON REGISTER

===

| \nsTRUC

ACCUMULATOR
CONTROL CONTROL A

5T

i

PROGRAM COU

L

r
“NCREMENTORl

|

LU CONTROL MEM |

00 H 11010
01 H 10110
02 H 10100

(03 H 10111

Il Toa {70000
05 H 01011
06 H 10111
07 H 11011
08 H 10110

9 {11010
0A-= 11000
0B H 00010
oc H 11011
ob H 11000
OE H 10000
OF H 00000
10 |4 00000
11
12
13
12
15
16 |4 01001

| [17 H oo101

| [18 H 00000

- o
A
1B
1C
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




Assembly Language
Addresses: Program:
\, Y,
Clocks | =T == 00 H 11010 l Agali LOAD
— ain.
3610 37 CLOCK | 571 70110 (¢ : cents
Execute e S | L= [0z {10100 =:= JLT
Y— = _
LOAD ' EETCH CIRCUITRY | 03 10111 -{' nlckel.
count 04 10000 - Done:
LOAD PROGRAMI 05 01011 SUB
| INSTRUCTION COUNTER, -4' -
. _REGISTERS ExecUTE conTrolyf | 06 10111 -{' nickel
ACCUMULAROR —IT T 07 H 11011 — STOR
08 10110 Jdeents o L
<
- . 09 11010 -<= IILOAD i
{00000 11010 11000 0A 11000 I| count ]
- - ! PROGRAM COUNTHR 0B 00010 =:= INC™ — T
] 1. OC H TI0TL | STOR
GPERAND JUumP 0D 11000 =) count
JIDDRESS  |ADDRESS OE 10000 S
A RUCTIAN REGISTERS 5= L 00000 =:l =
! LOGIC UNIT — 12 00000 = Done: HALT
| (ALV) | INCREMENTOR | <
._ . _OPCODEIN_ . R 12 =
13
12 )
e _
| 16 [ 01001 =: cents | [9
T ] R T 1 [17 00101 nickel | |5
. EXECUTE CIRCUITRY !
| | | 18-~ 00000 - count | |0
i ACCUMULATOR 19 -
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
i [ e A — T~ =18 -
|
1C
1D :
1E 10000 = IMP
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




Clocks
38 to 39
Fetch OB

ACCUMULANOR

00000

Assembly Language
Addresses:

Program:

i (ALU)
] OPCOD

E IN

ARITHMETIC &
LOGIC UNIT

=== [00 11010
G L2 [or o110
< 02 10100
- |l 03 10111
. FETCH CIRCUITRY
| Il o2 H Too00
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
| REGISTERS %CUECOI\_IIRQLJ 06 10111
=T | ﬂ 07 H 11011
| 08 10110
. H— | 09 11010
I 00010 OA [H 11000
i PROGRAM COUNTHR| [ o 00010
oc H 11011
QPADDE (PERAND JUMP oD 11000
ADDRESS ADDRESS OE 10000
NSTRUCTIQIN REGISTERS OF 00000
W - 10 00000
F' 1 11
| INCREMENTOR | 1
= —_— — — ]
13
14
15
16 01001
vl i+ ——r - —-L_._._ 1 =
] EXECUTE CIRCUITRY !
| | 18 00000
: 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

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




Clocks
40to 42

Execute
INC

ACCUMULANOR

00001

Assembly Language

Addresses:

Program:

0+1 emice |

equals
1 V)

DE IN N

UNIT f

|
| \nsTRUC

s

[NON REGISTER

N REGISTERS

===

=== [o00 H 11010
SLOCK o1 10110
OPCRPEN | =5[02 H to100
- Y—— —
. FETCH CIRCUITRY | 82 18(1)(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
| REGISTERS _  EXECUTE conTroy| | 06 10111
—T [T 07 11011
08 H 10110
09 H 11010
0A H 11000
PROGRAM COUNTHR| 0B - 00010
oC H 11011
JUMP oD H 11000
ADDRESS OE 10000
OF H 00000
—— 10 H 00000
™ 1 11
|INCREMENTOR | 5
L _— e —
13
14
15
------------ 16 01001
17 H 00101
EXECUTE CIRCUITRY :
| 18 H 00000
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
A ]‘| Tl — i =
1C
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




Clocks
43 to 46
Fetch
0C&O0D

ACCUMULANOR

00001

Assembly Language

Addresses:

Program:

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

=== [o00 H 11010
i SO 1 Mot H 10110
: 02 H 10100
. |[[o3H 10111
. FETCH CIRCUITRY
| Il T02 {10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERs___execuTe controy [ [ 06 |- 10111
| =T | { 07 11011
08 H 10110
- i £ 09 H 11010
i 11011 J{ 11000 0A H 11000
-==F = ! PROGRAM COUNTHR | 0B 100010
0cH 11011
QPJDDE QPERAND 0D 11000
ADDRESS  |ADDRESS E 10000
NSTRUCTIAN REGISTERS F 00000
L - 10 H 00000
[ ! 11
| INCREMENTOR | 17
L _— e —
13
14
15
16 H 01001
vl L. 1 Fsorer
: EXECUTE CIRCUITRY :
| | [ 18 H 00000
: ACCUMULATOR - [19
! INSTRUCJION REGISTER[CONTROL CONTROL ALU CONTROL MEM ] 1A
_;]._.;j._“__:j.___r[ R S e Bl s
1C
)i 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




\ )
Clocks A ——= [00 H 11010 :
47 to 48 CLOCK | [
— .~ [01H 10110
Execute OPC@DE IN Lm 5% L 16100 =<=
I_ i el b m— o — — . _. || {
>TOR . FETCH CIRCUITRY | 03 7 10111 ie=p
count 04 H 10000 -
LOAD PROGRAMI 05 H 01011
| INSTRUCTION COUNTER, -4'
. REGISTERs__ ExecuTe controyf [ 06 | 10111 =
ACCUMULA =IT 07 |-{ 11011 |Gmmp
08 H 10110 -"
, 09 H 11010 =
00001 11011 |[ 112000 0A H 11000
| PROGRAM COUNTER| 0B L 50010 ldamn
i 0C |-[ 11011 |qmmpy
I [ QPERAND | JumP D L 11000 ldamb,
ADDRESS  |ADDRESS 5E T 10000 ld=mb
[~ — == RUGTION REGISTERS =11 50000 damb,
- ARITHMETIC & 10 I 00000 e
| LogicunIT - =1 Y
| (ALV) | INCREMENTOR | <
] . _OPCODEIN__ . = S — | 12 - -{
13 H =
| 14 =
— <
1 16 [ 01001 =:
1. . . . . — | T Do
: EXECUTE CIRCUITRY . N -
| | 18-t 00001 |dfems)
i ACCUMULATOR 19 1 = = —°K =
! INSTRUQJIION REGISTER[CONTROL CONTROL ALU CONTROL MEM I 1A H
m R il e T|_[_ T =B - —
|
1C H
|
1 1D |- =
1E H 10000 o
1F H 00000

Assembly Language

Addresses:

Program:

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




Assembly
Addresses:

Language
Program:

Clocks 1 ] —=—= [00 H 11010
49 to 52 SLOCKl o1 10110
Fetch orgeE 02 | 10100
OE & OF o [o3H 10111
. FETCH CIRCUITRY
| 7021410000
LOAD PROGRAMI 05 01011
INSTRUCTION COUNTER,
. _REGISTERS __ ExECUTE controy| [ 06 10111
ACCUMULAJOR 'Wﬂ 07 H 11011
| 08 H 10110
- e = — 09 H 11010
00001 I| 10000 : Il 00000 [ 0A 11000
- - = PROGRAM COUNTHR| [ oB 00010
0oC H 11011
QPADDE (PERAND JUMP 0D H 11000
ADDRESS ADDRESS O\I:'_: 10000
(=== NETRUCTIQIN REGISTERS =0
. ARITHMETIC &
| LoGicuniT A . AR— 12 00000
| (ALU) |INCREMENTOR | =
- —_. _OPCODEIN_ ———— — 4
13
14
15
16 H 01001
vl L. 1 Bt oorot
. EXECUTE CIRCUITRY :
| | [ 18 H 00001
i ACCUMULATOR - | 19
! INSTRUCIION REGISTER|ICONTROL CONTROL ALU CONTROL MEM ] 1A
__l'_ll'_'_:l'_"”' R S e Bl s
1C
1 1D
1E [H 10000
1F H 00000

Again:

LOAD

cents

JLT

nickel

Done:

SUB

nickel

STOR

cents

LOAD

count

INC

STOR

LCQURL —

JMP

Again:

Done:

HALT = 7

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




Clocks
53to 54
Execute,

JMP

Again:

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

=== [o00 H 11010
SO 1 o1 {10110
OPCRDE IN | =[02{ 10100
¥ —
- FETCH CIRCUITRY | 82 18(1)(1)3
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
| REGISTERS EXECUTE CONTROLJ 06 10111
—IT 07 H 11011
08 H 10110
, 09 H 11010
10000 00000 0A H 11000
PROGRAM COUNTHRIT 0B 00010
oC H 11011
DE QPERAND JUMP oD 11000
ADDRESS ADDRESS OE 10000
RUCTIAN REG|STERS OF 00000
—— 10 H 00000
™ " 11
IINCRHWENTORl 1
L _— e —
13
14
15
16 H 01001
4. | Y I 1 Fsorer
: EXECUTE CIRCUITRY :
| | 18 H 00001
: ACCUMULATOR 19
! INSTRUCIION REGISTER|JCONTROL CONTROL ALU CONTROL MEM I 1A
‘m'—:r—'—-m—'ﬂ I i [ il
1C
i 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




Assembly Language

Addresses: Program: Explanation Hex

Clocks I 7 100 11010 Again: I-LBA?) B -|l # copy the value at ‘cents’ to the Accumulator 00
2> to 57 X L SO | 510110 Ifcents  |i 01
Fetch I_O_P_“ El\l _____ —[ 02 H 10100 TIET™ = T | #if the value at ‘nickel’ is less than the Accumulator then 02
00 & 01 1| 08 H 10111 nickel # jump to the address ‘Done:’ 03
. FETCH CIRCUITRY | 94 110000 Done: 04

| INST;%AC'%ON PcRooanTTAEI\QI 05 H 01011 SUB # subtract the value at ‘nickel’ from the Accumulator 05

| REGISTERS _ _ ExecUTE conTroy || 06 [ 10111 nickel # and put the result back into the Accumulator 06

ACCUMULATOR | =T | { { 07 H 11011 STOR # copy the value in the Accumulator to ‘cents’ 07
08 H 10110 cents 08

- el e £ ' 09 H 11010 LOAD # copy the value at address ‘count’ to the Accumulator 09

00001 i| 11010 10110 OA MH 11000 count 0A

== - ' PROGRAM COUNTER(["oB H 00010 INC # add 1 to the Accumulator 0B

0C H 11011 STOR # copy the value in the Accumulator to ‘count’ oC

QPGODE (QPERAND JUMP ob H 11000 count oD

IDDEESS ADDRESS OE H 10000 JMP # unconditional jump to the address ‘Again’’ OE

[—  — = 7 ) NSTRUCTIAN REGISTERS oOF 1 00000 Again: OF
<Gl 2GS | 10 H 00000 Done: HALT # stop the processor — end of program 10

| LOGAl\CulJJNlT iMW M ncrementort | 1AL 11
|l VAT | = 0

13 H 13

14 H 14

15 H 15

A U VRO SO Tpovpemy = 16 H 01001 cents 9 # 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




Assembly Language

Addresses: Program:
N y
Clocks | |1 - — T = [T
=] ain:
58 t0 59 CLOCK | o711 70110 | : cents |
Execute OPCBIDE IN L i 55 0700 =<: ===
I— s el s e r — o m— . —. { -
LOAD ' EETCH CIRCUITRY | 03 10111 = nlckel.
cents 04 10000 -{' Done:
LOAD PROGRAIVII 05 01011 SUB
| INSTRUCTION COUNTER, 4 _
. REGISTERs___ ExecuTe controyyfl [ 06 10111 -{' nickel
ACCUMULAROR —IT 07 H 11011 — STOR
08 10110 -{' cents
— : 09 H 11010 |¢==p LOAD
H 01001 11010 10110 0A 11000 count
— — ! - PROGRAM COUNTHRI [ oB 00010 =:= INC
0oC 11011 -" STOR
DE (@QPERAND JUMP oD 11000 count
ADDRESS  ADDRESS SE L 10000 damb, S
[ RUCTIOIN REGISTERS =l =:l Agan
! LOGIC UNIT — 12 00000 = Done: HALT
| (ALV) | INCREMENTOR | <
[ OPCODE IN_ . R 12 =
13
14 )
[ — = ¢
| . o . | = [ cerlltsl 9
17 00101 nicke 5
} EXECUTE CIRCUITRY .
| | 18 00001 = count 1
] ACCUMULATOR 19 -
! INSTRUGFION REGISTER|CONTROL CONTROL _ALU CONTROL MEM | 1A
I =~ O _ r'_|_1|3 -
L
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




Clocks
60 to 85
Fetch
02, 03, 04

ACCUMULANOR

01001

Assembly Language
Addresses:

Program:

OPC@BDE IN

LOAD
I INSTRUCTION
. _REGISTERS

— — —

CLOCK |

— g— —

11010

FETCH CIRCUITRY |

EXECUTE CONTROLY

ARITHMETIC &
LOGIC UNIT

(ALU)

OPCODE

—I]
10100 10111 [ 10000 |
Er—= oy S = PROGRAM COUNTHR
OPCGDDE (OQPERAND JUMP
ADDRESS ADDRESS
NSTRUCTIAN REGISTERS
“NCREMENTORl
—_— — — ]
L —r— = 2
! EXECUTE CIRCUITRY i
|
[ ACCUMULATOR
! INSTRUCTION REGISTER CONTROL CONTROL ALU CONTROL MEM I
Ry [ ==

10110

10100

A= - !

10111

10000

PROG RAMI
COUNTER,

01011

10111

11011

10110

11010

11000

00010

11011

11000

LN BEEE B4 BYWA B d W B Bad Bl B4l Al

10000

00000

00000

01001

00101

00001

10000

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




Clocks
66 to 67
Execute

JLT
nickel

ACCUMULANOR

01001

9 <

5

this is false so
no further
action is done

Assembly Language
Addresses: Program:
1 00 11010 Again: LOAD
. EC.)_CKTJ 01 H 10110 Jeens — 1
| =[02{ 10100 1oLt I
o “[[ 03 H 10111 1| nickel |
- FETCHCIRCUITRY 11 =521 70000 |[Done: Il
LOAD PROGRAMl 05 01011 TSUB™ =™ T
I INSTRUCTION COUNTER, ;
. REGISTERs___ ExecuTe controyyfl [ 06 10111 nickel
—IT| 07 H 11011 STOR
08 10110 cents
, 09 H 11010 LOAD
10111 10000 OA 11000 count
PROGRAM COUNTHRI [ oB 00010 INC
0C 11011 STOR
QPERAND JUMP oD 11000 count
ADDRESS ADDRESS OE 10000 IJMP
RUCTIAN REGISTERS OF 00000 Again:
10 00000 Done: HALT
[ 11
| INCREMENTOR | 17
L _— e —
13
| 14
1 16 {H 01001 cents | [9
T = ] S T 1 [1F 00101 nickel | [5
: EXECUTE CIRCUITRY . -
| | 18 00001 count 1
i ACCUMULATOR 19
! INSTRUQFION REGISTER|CONTROL - CONTROL _ ALU CONTROL MEM | 1A
W'_J'_'_:I_"H'T — r'_l—lB
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




Clocks
68 to 71
Fetch
05 & 06

ACCUMULANOR

01001

Assembly Language

Addresses:

Program:

ARITHMETIC &
LOGIC UNIT

(ALU)

OPCODE

——= [00 H 11010
i SO 1 Mot H 10110
“ 02 H 10100
r ~[[o3H 10111
. FETCH CIRCUITRY
| || o4 {10000
LOAD PROGRAM| 05 01011
I INSTRUCTION COUNTER, d
. REGISTERS __ ExecUTE controy | [ 06 10111
=[] { 07 H 11011
08 H 10110
= 09 H 11010
10111 0A |H 11000
= ! PROGRAM COUNTHR | [0 100010
0C H 11011
DPERAND oD H 11000
ADDRESS  |ADDRESS oE 10000
NETRUCTIAN REGISTERS OF 00000
-~ 10 H 00000
™ [ 11
INCREMENTOR |
R 12
13
14
15
16 H 01001
IR Y E 1 Fo1oote1
EXECUTE CIRCUITRY :
| [ 18 [ 00001
: ACCUMULATOR 19
! INSTRUCJ'ION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
—l= ==t = _r| ! == s
1C
LI\ 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




Clocks
72to 74
Execute

SUB

Nickel

ACCUMULANOR

Assembly Language
Addresses: Program:
1 00 11010 Again: LOAD
SO 1 o1 10110 cents
e Sl | [02}{ 10100 LT
o ~|[ 034 10111 nickel
. FETCH CIRCUITRY
Il 04 H 10000 Jhone — 1
LOAD PROGRAMl 05 01011 IISUB U
I INSTRUCTION COUNTER, ;
. REGISTERs___ ExecuTe controyyfl [ 06 10111 I| nickel I
1T 07 H 11011 TSTOR™ T
08 10110 cents
, 09 H 11010 LOAD
10111 OA 11000 count
PROGRAM COUNTHRI [ oB 00010 INC
0C 11011 STOR
QPERAND JUMP oD 11000 count
MADDRESS ADDRESS OE 10000 JMP
RUCTIAN REGISTERS OF 00000 Again:
10 00000 Done: HALT
[ 11
| INCREMENTOR | 17
= s |
13
| 14
1 16 {H 01001 cents | [9
T — — . T — 1 173 00101 nickel | [5
: EXECUTE CIRCUITRY - -
| | 18 00001 count 1
| ACCUMULATOR 19
! INSTRUCFION REGISTER[CONTROL  CONTROL _ ALU CONTROL MEM | 1A
W'_J'_'_:I_"H - M~ =18
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




Clocks
75to0 78
Fetch
07 & 08

ACCUMULANOR

00100

Assembly
Addresses:

Language

Program:

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

=== [o00 H 11010
i SO 1 Mot H 10110
: 02 H 10100
. |[[o3H 10111
. FETCH CIRCUITRY |
| 'l 04 |H 10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERs___execuTe controy [ [ 06 |- 10111
| =T | { ; 11011
08— 10110
- i £ 09 H 11010
i 11011 J{ 10110 0OA H 11000
-3 = ! PROGRAM COUNTHR | 0B 100010
oc H 11011
QPJDDE QPERAND oD H 11000
ADDRESS  |ADDRESS OE 10000
NSTRUCTIAN REGISTERS oF 00000
L - 10 H 00000
™ ! 11
| INCREMENTOR | 17
L S — |
13
14
15
16 H 01001
vl L. 1 Footen
: EXECUTE CIRCUITRY :
| | [ 18 H 00001
: ACCUMULATOR - [19
! INSTRUCJION REGISTER[CONTROL CONTROL ALU CONTROL MEM 1 1A
__[._:I._._:I._._H. R S e Bl s
1C
i 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

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




\ )
Clocks A ——== [o0 H 11010 :
79 to 80 CLOCK | <
— .1 [o1H 10110
Execute OPC@DE IN Lm 05 10100 =<=
I_ i el b m— o — — . _. {
>TOR . FETCH CIRCUITRY | 03 M 1OLll Q=
cents 04 10000
LOAD PROGRAMI 05 01011 -{'
| INSTRUCTION COUNTER, -4'
. _REGISTERs __ ExecuTE conTroy| | 06 10111 =
ACCUMULA —TIT] 07 |-{ 11011 |Gmmp
08 10110 -{'
, 09 H 11010 =
00100 11011 |[ 10110 0A H 11000
] PROGRAM COUNTER| 0B 1 50010 |damd
s 0C || 11011 ¢y
I | — QPERAND oD 11000 -"
| ADDRESS  |ADDRESS SE L 10000 damb,
(= — =" RUGTION REGISTERS =11 50000 damb,
- ARITHMETIC & 0 00000 <
| LogicunIT - = Y
| (ALV) | INCREMENTOR | <
._ . _OPCODEIN_ . R 12 =
13
— (14 —
' " ¢
1 1 00100 [ty
1. . . DR R — L |
| EXECUTE CIRCUITRY - [17 ] UOI0T 7 Qe
| | [ 18 [ 00001 |
| ACCUMULATOR 19 -
! INSTRUQJIION REGISTER[CONTROL CONTROL ALU CONTROL MEM I 1A
= Rl =t e T|_[_ T =18 —
|
1C
|
1 1D =
1E 10000 o
1F 00000

Assembly Language

Addresses:

Program:

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




Clocks
81 to 84
Fetch
09 & OA

ACCUMULANOR

00100

Assembly Language

Addresses:

Program:

LOAD

. _REGISTERS

CLOCK |

— g— —

OPC@BDE IN

FETCH CIRCUITRY

PROG RAMI
COUNTER,
. EXECUTE CONTROLy

I INSTRUCTION

ADDRESS

ARITHMETIC &
LOGIC UNIT

N REGISTERS

EXECUTE CIRCUITRY

[NON REGISTER

===

| \nsTRUC

ACCUMULATOR
CONTROL CONTROL A

5T

i

PROGRAM COU

L

r
“NCREMENTORl

|

LU CONTROL MEM |

00 H 11010
01 H 10110
02 H 10100

(03 H 10111

Il Toa {70000
05 H 01011
06 H 10111
07 H 11011
08 H 10110

9 {11010
0A-= 11000
0B H 00010
oc H 11011
ob H 11000
OE H 10000
OF H 00000
10 |4 00000
11
12
13
12
15
16 |4 00100

| [17 H oo101

| [18 H 00001

- o
A
1B
1C
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




Assembly Language
Addresses: Program:
N\ )
Clocks | =T == 00 H 11010 l Agal LOAD
— ain.
85 to 86 CLOCK | 5T {10110 ¢y . cents
Execute e S | L= [0z {10100 =:= JLT
Y = _
LOAD ' EETCH CIRCUITRY | 03 10111 = nlckel.
count 04 10000 - Done:
LOAD PROGRAMI 05 01011 SUB
| INSTRUCTION COUNTER, -4' _
. _REGISTERS ExecUTE conTrolyf | 06 10111 -{' nickel
ACCUMULAROR —IT T 07 H 11011 — STOR
08 10110 Jdeents o L
1
- ! 09 11010 -{1 IILOAD I
{00001 11010 11000 0A 11000 i[count h
¥ PROGRAM COUNTHR| o8 100010 =:= -
11 OC H TI0TL | STOR
GPERAND JumMP 0D 11000 =) count
Fi\DD SS ADDRESS OE 10000 IJMP
[ RUQTIOIN REGISTERS =l =:l Again.
! LOGIC UNIT — 12 00000 = Done: HALT
| (ALV) | INCREMENTOR | <
._ . _OPCODEIN_ . R 12 =
13
— (14 )
' — !
| 16 [ 00100 =: cents | [4
T — . T T LN 00101 nickel | [5
] EXECUTE CIRCUITRY .
| | | 18- 00001 - count | |1
1 ACCUMULATOR 19 -
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
I =~ O - T~ =18 -
|
1C
1D :
1E 10000 — IJMP
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




Clocks
87 to 88
Fetch OB

ACCUMULANOR

00001

Assembly Language
Addresses:

Program:

i (ALU)
] OPCOD

E IN

ARITHMETIC &
LOGIC UNIT

=== [00 11010
G L2 [or o110
< 02 10100
- |l 03 10111
. FETCH CIRCUITRY
| Il o2 H Too00
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
| REGISTERS %CUECOI\_IIRQLJ 06 10111
=T | ﬂ 07 H 11011
| 08 10110
. H— | 09 11010
I 00010 OA [H 11000
i PROGRAM COUNTHR| [ o 00010
oc H 11011
QPADDE (PERAND JUMP oD 11000
ADDRESS ADDRESS OE 10000
NSTRUCTIQIN REGISTERS OF 00000
W - 10 00000
F' 1 11
| INCREMENTOR | 1
= —_— — — ]
13
14
15
16 00100
vl i+ ——r - —-L_._._ 1 o
] EXECUTE CIRCUITRY !
| | 18 00001
: 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

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




Clocks
89to 91

Execute
INC

ACCUMULANOR

00010

Assembly Language

Addresses:

Program:

0+1 emice |

equals
1 V)

DE IN N

UNIT f

|
| \nsTRUC

s

[NON REGISTER

N REGISTERS

===

=== [o00 H 11010
SLOCK o1 10110
OPCRPEN | =5[02 H to100
- Y—— —
. FETCH CIRCUITRY | 82 18(1)(1)(1)
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
| REGISTERS _  EXECUTE conTroy| | 06 10111
—T [T 07 11011
08 H 10110
09 H 11010
0A H 11000
PROGRAM COUNTHR| 0B - 00010
oC H 11011
JUMP oD H 11000
ADDRESS OE 10000
OF H 00000
—— 10 H 00000
™ 1 11
|INCREMENTOR | 5
L _— e —
13
14
15
------------ 16 00100
17 H 00101
EXECUTE CIRCUITRY :
| 18 H 00001
ACCUMULATOR 19
CONTROL CONTROL ALU CONTROL MEM I 1A
A ]‘| Tl — i =
1C
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




Clocks
92 to 95
Fetch
0C&O0D

ACCUMULANOR

00010

Assembly Language

Addresses:

Program:

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

=== [o00 H 11010
i SO 1 Mot H 10110
: 02 H 10100
. |[[o3H 10111
. FETCH CIRCUITRY
| Il T02 {10000
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
. _REGISTERs___execuTe controy [ [ 06 |- 10111
| =T | { 07 11011
08 H 10110
- i £ 09 H 11010
i 11011 J{ 11000 0A H 11000
-==F = ! PROGRAM COUNTHR | 0B 100010
0cH 11011
QPQDDE QPERAND | JUMP 0D 11000
ADDRESS  |ADDRESS E 10000
NSTRUCTIAN REGISTERS F 00000
L - 10 H 00000
[ ! 11
| INCREMENTOR | 17
L _— e —
13
14
15
16 H 00100
vl L. 1 Fesoien
: EXECUTE CIRCUITRY :
| | [ 18 H 00001
: ACCUMULATOR - [19
! INSTRUCJION REGISTER[CONTROL CONTROL ALU CONTROL MEM ] 1A
_;]._.;j._“__:j.___r[ R S e Bl s
1C
)i 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




\ )
Clocks A ——= [00 H 11010 :
96 to 97 CLOCK | <
— .~ [01H 10110
Execute OPC@DE IN Lm 5% L 16100 =<=
I_ i el b m— o — — . _. || {
>TOR . FETCH CIRCUITRY | 03 7 10111 ie=p
count 04 H 10000 -
LOAD PROGRAMI 05 H 01011
| INSTRUCTION COUNTER, -4'
. REGISTERs__ ExecuTe controyf [ 06 | 10111 =
ACCUMULA =IT 07 |-{ 11011 |Gmmp
08 H 10110 -{'
, 09 H 11010 =
00010 11011 |[ 112000 0A H 11000
| PROGRAM COUNTER| 0B L 50010 ldamn
i 0C |-[ 11011 |qmmpy
I [ QPERAND | JumP D L 11000 ldamb,
ADDRESS  |ADDRESS 5E T 10000 ld=mb
[~ — == RUGTION REGISTERS =11 50000 damb,
- ARITHMETIC & 10 I 00000 e
| LogicunIT - =1 Y
| (ALV) | INCREMENTOR | <
] . _OPCODEIN__ . | S — | 12 - -{
13 H =
| 14 =
— <
1 16 [ 00100 =:
1. . . . . — | T Do
: EXECUTE CIRCUITRY - N -
| | 18 1H 00010 |dmm)
i ACCUMULATOR 19 1 = = —°K =
! INSTRUQJIION REGISTER[CONTROL CONTROL ALU CONTROL MEM I 1A H
m R il e T|_[_ T =B - —
|
1C H
|
1 1D |- =
1E H 10000 o
1F H 00000

Assembly Language

Addresses:

Program:

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




Assembly
Addresses:

Language
Program:

Clocks 1 ] —=—= [00 H 11010
98 to 101 SLOCKl o1 10110
Fetch = SR 02 H 10100
OE & OF r v || 03H 10111
. FETCH CIRCUITRY
| || o4 {10000
LOAD PROGRAMI 05 01011
INSTRUCTION COUNTER,
. _REGISTERS __ ExECUTE controy| [ 06 10111
ACCUMULAJOR 'Wﬂ 07 H 11011
| 08 H 10110
- &L ———— 09 H 11010
00010 I| 10000 : I[ 00000 ' | |[OA H 11000
- P — -— PROGRAM COUNTHR| [ oB 00010
0C H 11011
QPJDDE QPERAND | JUMP oD H 11000
ADDRESS ADDRESS O\I:'_: 10000
[ — == NETRUCTIAN REGISTERS v=0
- ARITHMETIC &
| LoGicuniT A . AR— 12 00000
| (ALU) |INCREMENTOR | =
- . _OPCODEIN_ | Y ——_2
13
14
15
16 H 00100
vl i+ ——r - —-L_._._ 1 Fesoien
: EXECUTE CIRCUITRY -
| | [ 18 H 00010
i ACCUMULATOR 119
! INSTRUC|ION REGISTER|CONTROL CONTROL ALU CONTROL MEM 1 1A
__l'_ll'_'_:l'_"”' 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

INC

STOR

LCQURL —

JMP

Again:

Done:

HALT = 7

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




Clocks

102 to 103

Execute
IMP
Again:

ACCUMULA

Assembly Language

Addresses:

Program:

ARITHMETIC &

LOGIC UNIT

(ALU)
OPCODE IN

=== [o00 H 11010
SO 1 o1 {10110
OPCRDE IN | =[02{ 10100
¥ —
- FETCH CIRCUITRY | 82 18(1)(1)3
LOAD PROGRAMI 05 01011
I INSTRUCTION COUNTER,
| REGISTERS EXECUTE CONTROLJ 06 10111
—IT 07 H 11011
08 H 10110
, 09 H 11010
10000 00000 0A H 11000
PROGRAM COUNTHRIT 0B 00010
oC H 11011
DE QPERAND JUMP oD 11000
ADDRESS ADDRESS OE 10000
RUCTIAN REG|STERS OF 00000
—— 10 H 00000
™ " 11
IINCRHWENTORl 1
L _— e —
13
14
15
16 H 00100
4. | Y I 1 Fesoien
: EXECUTE CIRCUITRY :
| | 18 H 00010
: ACCUMULATOR 19
! INSTRUCIION REGISTER|JCONTROL CONTROL ALU CONTROL MEM I 1A
‘m'—:r—'—-m—'ﬂ I i [ il
1C
i 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




Assembly Language

Addresses: Program: Explanation Hex

Clocks I 7 100 11010 Again: I-LBA?) B -|l # copy the value at ‘cents’ to the Accumulator 00
104 to 106 i L SO 1 110110 Ifcents  |I 01
Fetch I_O_P_“ El\l _____ —[ 02 H 10100 TICT™ = T |#if the value at ‘nickel is less than the Accumulator then 02
00 & 01 1| 08 H 10111 nickel # jump to the address ‘Done:’ 03
. FETCH CIRCUITRY | 94 110000 Done: 04

| INST;%AC'%ON PcRooanTTAEI\QI 05 H 01011 SUB # subtract the value at ‘nickel’ from the Accumulator 05

| REGISTERS _ _ ExecUTE conTroy || 06 [ 10111 nickel # and put the result back into the Accumulator 06

ACCUMULATOR | =T | { { 07 H 11011 STOR # copy the value in the Accumulator to ‘cents’ 07
08 H 10110 cents 08

- el e £ ' 09 H 11010 LOAD # copy the value at address ‘count’ to the Accumulator 09

00010 I| 11010 10110 0OA H 11000 count 0A

=F — | PROGRAM COUNTER "o |- 00010 INC # add 1 to the Accumulator OB

0C H 11011 STOR # copy the value in the Accumulator to ‘count’ oC

QPAODE (QPERAND JUMP ob H 11000 count oD

IDDEESS ADDRESS OE H 10000 JMP # unconditional jump to the address ‘Again’’ OE

[— = = 7 ) NETRUCTIAN REGISTERS oOF 1 00000 Again: OF
il | 10 H 00000 Done: HALT # stop the processor — end of program 10

| LOGAl\CulJJNlT iMW M ncrementort | 1AL 11

! . _CgPC@)?.l\l_ | !NCREL\AE_'\]TER_! 12 H 12

13 13

14 14

15 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 00010 count 2 # variable -- the name ‘count’ is the address and O is the value 18

] ACCUMULATOR "1 19 H 19

! INSTRUCITION REGISTER|CONTROL CONTROL ~ALU CONTROL MEM ! [ 1A |- 1A
__[._:I._._:I._._H. =N - =EL =

-{ 1C - 1C

1D 1D

1E H 10000 JMP # unconditional jump to the address ‘Again’’ 1E

1F H 00000 Again: 1F




Assembly Language

Addresses: Program:
N\ )
Clocks [T —= 00 H 11010 l Again. JI[LOAD._|I
— ain.
10710 108 CLOCK | 571 70110 (¢ : ifcens |
Execute OPCBIDE IN L i 55 0700 =<: ===
I— s el s e r — o m— . —. { -
LOAD ' EETCH CIRCUITRY | 03 10111 = nlckel.
cents 04 10000 -{' Done:
LOAD PROGRAMI 05 01011 SUB
I INSTRUCTION COUNTER, -{' -
. REGISTERs___ ExecuTe controyyfl [ 06 10111 -{' nickel
ACCUMULAROR —IT 07 H 11011 — STOR
08 10110 -{' cents
— e . 09 H 11010 [qe=p LOAD
H 00100 11010 10110 0A 11000 count
- — ! = PROGRAM COUNTHRI [ oB 00010 =:= INC
11 0C H 11011 STOR
DE QPERAND JUMP oD I T1o000 U =T
ADDRESS  ADDRESS SE L 10000 damb, S
[ RUCTIOIN REGISTERS =l =:l Agan
! LOGIC UNIT — 12 00000 = Done: HALT
| (ALV) | INCREMENTOR | <
._ . _OPCODEIN_ . R 12 =
13
14 )
e =1
| . N | _ -, 800100 | cerlltsl 4
17 00101 nicke 5
. EXECUTE CIRCUITRY .
| | 18 00010 = count 2
] ACCUMULATOR 19 -
! INSTRUCIION REGISTER|CONTROL CONTROL ALU CONTROL MEM I 1A
I =~ O - T~ =418 -
|
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




Clocks
109 to 114
Fetch
02, 03, 04

ACCUMULANOR

00100

Assembly Language
Addresses:

Program:

— — —

CLOCK |

— g— —

11010

OopP

FETCH CIRCUITRY |

I INSTRUCTION
EXECUTE CONTROLY

ARITHMETIC &
LOGIC UNIT

(ALU)

OPCODE

! m
10100 10111 [ 10000 |
Er—= oy S = PROGRAM COUNTHR
OPCGDDE (OQPERAND JUMP
ADDRESS ADDRESS
NSTRUCTIAN REGISTERS
“NCREMENTORl
—_— — — ]
L —r— = 2
! EXECUTE CIRCUITRY i
|
[ ACCUMULATOR
! INSTRUCTION REGISTER CONTROL CONTROL ALU CONTROL MEM I
Ry [ ==

10110

10100

A= - !

10111

10000

PROG RAMI
COUNTER,

01011

10111

11011

10110

11010

11000

00010

11011

11000

LN BEEE B4 BYWA B d W B Bad Bl B4l Al

10000

00000

00000

00100

00101

00010

10000

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




Clocks
115to 117
Execute
JLT
nickel

ACCUMULANOR

00100

4 <

5

this is true so
JMP is
executed

Assembly Language
Addresses: Program:
I 00 11010 Again: LOAD
. iLC.)_CKTJ 01 H 10110 leans — 1
| =[02{ 10100 1oLt I
r-— "l o3 10111 1| nickel |
. FETCHCIRCUITRY 1} =571 =To000 I[Done: Il
LOAD PROGRAMI 05 01011 -'SUB- i o
I INSTRUCTION COUNTER, "
. _REGISTERS __ EXECUTE CONTROL| 06 10111 nickel
—IT| 07 H 11011 STOR
08 10110 cents
, 09 H 11010 LOAD
10111 10000 OA 11000 count
PROGRAM COUNTHRIT 0B 00010 INC
0C 11011 STOR
PERAND Jump oD 11000 count
ADDRESS ADDRESS OE 10000 IJMP
ITIAN REGISTERS OF 00000 Again:
10 00000 Done: HALT
[ 11
| INCREMENTOR | 17
L _— e — ]
13
| 14
l 1 16 {H 00100 cents | |4
''''''''' I I T 00101 nickel | [5
[ EXECUTE CIRCUITRY . '
| | 18 00010 count 2
- ACCUMULATOR 19
! INSTRUQFION REGISTERICONTROL - CONTROL _ ALU CONTROL MEM | 1A
= J'_'__W_"H'T TN T =B
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 118
Fetch 10

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
_ A : 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
HALT

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 — 00 11010 Agai LOAD # th I t ‘cents’ to the A lat 00
) — ain: co e value at ‘cents’ to the Accumulator
After CLOCK | g by
orcloE IN L — 01 + 10110 cents 01
HALT ]: L 02 H 10100 JLT # if the value at ‘nickel’ is less than the Accumulator then 02
o A— - | . _ : .
© FETCH CIRCUITRY | 82 i 18(1)33 ggﬁil- # jump to the address ‘Done: 82
INST;%AC%ON PcRooanTTAEI\QI 05 H 01011 SUB # subtract the value at ‘nickel’ from the Accumulator 05
! REGISTERS _ EXECUTE conTroy || 06 H 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
00100 00000 _ OA H 11000 count 0A
PROGRAM COUNTER(["oB H 00010 INC # add 1 to the Accumulator 0B
11 STOR # copy the value in the Accumulator to ‘count’ oC
QPADDE QPERAND JUMP count oD
IDDEESS ADDRESS JMP # unconditional jump to the address ‘Again’’ OE
[—  — = 7 ) NSTRUCTIAN REGISTERS JAgain 1 OF
ARITHMETIC & | D -
one: |I|HALT | # stop the processor — end of program 10
| LOGICUNIT  ~MMM - ———1 1 e Rt 11
(ALU) I INCREMENTOR |
| . _OPCODEIN_ . __ T 12 - 12
13
14
15
cents 4 I # variable -- the name ‘cents’ is the address and 14 is the value 16
HALT g DICKAL 1D # variable -- the name ‘nickel’ is the address and 5 is the value 17
. count 2 I # variable -- the name ‘count’ is the address and 0 is the value 18
Results in memory 19
“count of 2 nickels” and“4 cents remaining” 1A
— | Ll —] 1B H 1B
1C 1C
1D H 1D
1E H 10000 JMP # unconditional jump to the address ‘Again’’ 1E
1F H 00000 Again: 1F




Next Presentation:
Memory, ALU, and Control Circuitry

End of Presentation



