1 Digital Systems small exercise 1

Submission date: 16/3/2006.

All questions have an equal weight.

1.1 Question 1

Convert
1. (1729)10 — ()s
2. (8EA2)16 — ()10
3. (12.31)19 — ()2

4. (B.AB)13 — ()10

1.2 Question 2

Calculate the 2 complements of:
1. (284)16

2. (82)g

1.3 Question 3

For binary numbers with 4 bits. Determine when there is an overflow and when the calculation

can be carrying legally. Use the 2 complement. (The numbers are in base 10).
1. 3+7
2. 2-3
3. 4-7
4. -1-2

5. -5-7



1.4 Question 4

Calculate (use the 2 complement where necessary). Show the details of your calculation.
1. (B.AB)16 + (A.BF)16
2. (284)16 — (82)16

3. (28C.43)16 — (17.12)15

1.5 Question 5

The 9 complement is defined as follows:

Let x = z1x2...x), be a number in base 10. The 9 complement of the number is (9 —z1)(9 —
x2)...(9 — x,,). That is, the digit in the i-th place is obtained by replacing it with 9-digit. For
example the 9-complement of the number 23 is 76.

Set the codes for digits 0..9 with weights 3,3,2,1 and 4,4,3,-2 such that the 9 complement of
the digit will be obtained by switching all the 1 with 0 and all the 0 with 1.



DLOCS Ex1 -

I. Question 1

1.

1729/8 =216 mod 1
216/8 =27 mod 0
27/8 =3 mod 3
3/8=0mod 3

(1729),, = (3301),

8EA2 = (1000 1110 1010 0010), =
2B M 4210y 29 4 27 4 25 4+ 21 = 36514

(Converting to Binary base was not necessary, could've used powers of 16 instead)

(12.31),, =(12),,.31),,
Integer part first: (12),,=(1100),. And now to the fraction part:

We'll add fractions of the type 2™" as long as their sum does not exceed the required 0.31:

031=27+27 420427 +2%+270 427 427 P 424270,
The above is accurate up to about a millionth. Theoretically we could go on forever always improving the
accuracy (exponentially) up to any requested ¢ .

And thus the fraction part approaches: (.0100111101011100001) , .
Andso: (12.31),, = (1100.0100111101011100001),,

4. (B.AB),; = (11%13° +10*137" +11%¥137) , = (11+141) |
169

II. Question 2a hope I understood this question correctly)

1.

2-complement of (28A),, using 12-bits:

Conversion to binary using groups of 4-bits (each hex digit = 4 bits), we get: 0010 1000 1010.

In order to find the complement we invert the digits and add 1: 1101 0111 0101 + 1 =1101 0111 0110.
And so, the 2-complement representation of -28 A using 12-bits is 1101 0111 0110.

Of course this could be verified using normal addition and expecting a zero (last carry ignored).

2-complement of (82), using 8-bits:

Firstly we shall convert it to binary. To make things simple, I'll use the decimal base as an intermediate
mediator. (82), = (8*9' +2%9%) = =(74),,. Using the iterative algorithm as in 1.1 we get

(74),, = (01001010), . As above, we shall invert the digits and add 1 in order to find the representation of

(-82), using 2's complement and 8-bits: not(01001010), +1=(10110101), + (1), =(10110110) ,

III. Question 3

* Using 2's complement and 4-bits we may represent all integers between -8 and 7 (2”4 altogether).

1.

3+7 > 7 and thus overflow. Alternatively: 0011+0111 = 1010 which is negative.



2. 2-3 =-1 and is within the legal range. Alternatively: 0010+1101=1111 which is the correct representation of -1
(dec) using 2's complement.

3. 4-7 =-3 and is within the legal range: 0100+1101=1101 which represents -3 using 2's complement.
-1-2 = -3 and is within the legal range: 1111+1110=11101 (last carry ignored) = 1101 = -3 as above.

5. -5-7 < -8 and thus overflow: 1101+1001=10110 (last carry ignored) = 0110 = (6) ,, ?! Error...

IV. Question 4

1. (B.AB) + (A.BF) in hex. After conversion to binary we get:
1011.10101011 +
1010.10111111 =
10110.01101010
Back to hexadecimal we get: 16.6A

2. (28A)—(82) in hex. We'll convert to 12-bit binary and use 2's complement:
(28A) .= (001010001010),

(82),, = (000010000010),

(-82),, =(11101111110) ,
Binary addition of (28A) and (-82):
001010001010 +
111101111110 =
001000001000 (last carry ignored)
Back to hexadecimal we get: (208) ,,

3. (28C43),, - (17.12) 5. We'll use 20-bits to represent these numbers (12 for integer part, 8 for fraction part).

The hexadecimal number in binary is simply (using groups of 4-bits) 001010001100.01000011

The quindecimal number converted to decimal is: 1%15' +7%15° +1%157" +2%1572 = 4967 /225 ~ 23.075555.....,
Now converting the integer part to binary we get 10111, and converting the fraction part to binary (as in 1.3)
we get: .000100110101011110011... and overall: 000000010111.00010011 (up to 2”8 precision) when
represented in 20-bits. Using 2's complement we get: 111111101000.11101101.

Performing addition:

0010 1000 1100 . 0100 0011 + (28C.43) ¢
1111 1110 1000 . 1110 1101 = (we have a carry from the fraction part) - (17.12) |5
00100111 0110 . 0011 0000 = (276.30) ,, (last carry ignored)



V. Question 5

Digit Weight A (3,3,2,1) | Weight B (4,4,3,-2)
0 0000 0000
1 0001 0011
2 0010 1001
3 1000 0010
4 1001 1000
5 0110 0111
6 0111 1101
7 1101 0110
8 1110 1100
9 1111 1111

Explanation: Suppose you wish to find the 9-complement of 7 using Weight A and according to the guidelines.
Look at the table in the matching position; 1101 is the code. Its easy to see that according to the weights 1101 =7
(1*3 + 1*3 + 0*%2 + 1*1). Now, perform NOT on all digits and you get: 0010, which according to weight A is 2
(0*3 + 0*3 + 1*2 + 0*1) and indeed (9-7) = 2 as the 9-complement suggests.

One interesting thing to notice is that in fact the upper part of the table is a mirror image of its lower part with all digits
reversed (with respect to the matching weight). This does not have to be so, however, since some digits could have
more than a single representation using these weights (since 4 bits would allow up to 16 unique codes, but in this
example only 10 are being used and there are also weight similarities between the bits in both cases).



1 Digital Systems small exercise 2

Submission date: 26/3/2006.

1.1 Question 1 (10%)
Which of the following 6 basic rules
1. Existance of identity (neutral element).
2. Associative
3. Commutative
4. Closure
5. Distributive

6. Existance of a complement that is, if I is the identity of operator *, the if X*Y =1 then

Y is X complement.

does not apply for the operands:

o

o o O | o
o
o

o - o
—
[

(NI R NI I )

1.2 Question 2 (20%)
Prove the following equalities using the boolean axioms only:
lL.z-(z4+y) ==z

2. x4+ (@y)=z+y



3. X' +Y' =XpY+ XY

Where @ is the xor operator:

A B|&
0 0o
0 1|1
1 01
1 110

4. Find a similar expression for X’ + Y’ + Z’

1.3 Question 3 (20%)

Let I3
x y z|Fp
0 0 0|0
0 0 1|1
0 1 01
0 1 1,0
1 0 0] 1
1 0 1] 0
1 1 0] 0
1 1 1] 1

1. Express F} as a canonical products and canonical sums.
2. Express the function as a sum of products with the minimal number of terms possible.

3. Express the function as a products of sums with the minimal number of products possible.

1.4 Question 4 - (50%)

Implement the following funcions using NAND (and followed by not) alone. Assume that you
can use the literal, its complement (its negation), and the values 0,1. Nand(a,b,c) has the

following formula (a*b*c)’.



1. BD + BCD + AB’C’D’ + A’B’CD’ Use up to 6 gates with 3 entries each

2. (AB + A’'B’)(CD’ + C’'D) Use gates with 2 entries each.















3 7'2an NI'N9'o NDOYNI AN

573907 9y login 137X XX

1 n'mxv

TR0 N°2°0 WRD .I9X ATIPT N w2 0901 ¢=00010000 ,b=11101101, a=01101101 »7
D120 4 50 TR NP 01N 11200 3 HW TR DY LINDOPRT L, IIR 102 W TR Nova
JIRXINT DX 2077 .a+(b+c) NXY (a+b)+c  NR 2wn

2 DIxv

XD 101 WK (DO IRW) DHRY N2 2P 00N 1 L,(2°0197 naxn ax1) IEEE754 1pna
2901°2 2177 7900 1n ?single 21 double 2

3 mxv

0°7507 2 2w RWITM D107 DR NIRNM MWK NPIRPIT 1OXP0T 2w NaRT NP0 DR 1N K
SW MDA LNIRPYY NWI MDD NW AW PRPIIDY 190 LNNAR N°2°0 "H¥ 0IR1]
DR N°2°0 °%¥2 0°150A7 17 MR .a,b NAX N°2°0 "H¥2 0»IR1AT 0°ID0AT 17 XPN0T
N5 MYH7 D10 TPXPNOT DR 12N 191 IMRY .(TARNT2 DI KW D2AXN WR) 8,C
.0°M130

TROXOT TIWA NP0 2 NYYA RIS ARONOTW 2% m°W) 11200 2 °HYa 0°90nY 3T 2vn 1and .2
(PR 2o NYvya arnc

NN ajazaz N0 3 OXPNDY (R INCNY 1Y WK PEPIDT W NART NP0 DR 2AND A
Sw BCD 2% 11wy 990mi K1 j WK bi=1 X7 ¥pnnn 2w 0997 . by... by MRy
. 1;'5] Mav b; =0 -1 ajazaz N12°0

4 2 Ixv

279 97N WW ML 3anmn 1950 w0 Fredkin ayw

.C 107397 %071 C axeeont L(C,01,02) mxoxs 31 (CLI1,12) mooid 3 wws
.(I11,12)=(01,02) 37 mxx1 18 C=0 R
(I1,12)=(02,01) 17 mx*x1 o1 C=1 ox

%y (NOT 1 OR X)) NOT 1 AND wnnb 03°99 9m125 .35 nowvn a1 {Fredkin,0,1} w w0
.0,1 o>37vm Fredkin »wyw >7



5 n'mxvw

279 97N WW MIPD 7Imn 325w ww wn Toffoli ww

Jaknma 11912 Moo 37 01, 02 mwexny .(01,02,V1) mwvexe 31 (I1,12,V) mioean 3 wwh
V1=V nxIl=12=1 oX

OR 1X) NOT 1y AND wnnb 03°9y 9m22 3w naavn ana { Toffoli, 1} wneow . VI=V nank
.1 77vm Toffoli »ww > ¥ (NOT 3















4 7'aan NI'MN9'o NIDYNI AIN'M

307 9y login 178 XIX
1T 9pwn moRw:T 900

1 n'mxv

n1p 2annn AND wwn DX 112

2 Vmxv

:(D°m100 NYDIM NTIX O™ ,27 WPW) DRI D7V DX VWD
1P MO T Y
1. F(x,y,z) =11(0,1,4,5)
2. F(A,B,C,D)=11(0,1,2,3,4,10,11)
3. F(wx,yz) =11(1,3,5,7,13,15)

3 nmxv

A’BE+BCDE+BC’D’E+A’B’DE’+B’C’DE’ "°277% 22pn71 BE+B’DE’ 1%°91277 0020
7071 ,10 OR 700WTR 20102 DI AR

4 2Ixv

(@R e d=1 WK 9R0) d DOWUIRT DMPWA WY TIN NIRIT NPXPIOT DX W
(205w 92307) 7wy 93 YW NININT CNY MNNIY 10
.23¥1% 7012 MW°27 IR 1201 TITT DX WD RIX

1. F=A'B’C’ + AB’'D + A’B’CD’ | .72%2 n10°15 3 °»v2 NOR 3w °1w Dy wnn
d=ABC + AB’D’

2. B'D+B’C + ABCD "Hya (9017 %Y 12237 1K) NAND »ww narva
d=A’BD + AB’C’D’ .Mo°10 3













[('2172 7'2aM) 5 7'aan NI'MA®0 NIDAYNI AN

179 TN 2N Pnwn

D'"'Nnn hun

IR 1 NAR 912 XD YO .nXm X000 0N

1

2

[98)

8

*

A

7

6

010w 8 DI (NMNI¥PIN YIT) 8N 937

HW 0°19wi 7907 OX .max ? min 72 Y119 2°19W 1907 OX 1 i y+1 172 RNT y M7 10002
PIMN MY RN max » wan D173 RN YW 0Y10WE 9901 OR ,MTTAN MW RN min 2 Whn Jop K07

max = 6 1min=3 XD :(°7 RN 7200 * ) XANT

y M7 y+1 7
ES
* ->
* | ok | %
9

7200
AT 3007 7T 990N OTavn

Y+ T mh ey 72 16x14 5732 m> 9apn qwrk TKGate N1 01y Hivn wnn

NX V191 WX README 7210 o¥ 7 23va0 D0 .v ¥23277 DR 0727 INRY MPIURoR w2 02%hy
~2 0172 RN? 7171 92 5w 03970 WUATR 029V L1011 21T 92 DW %P IR 29707 an AR
TRYING DR MR (DIP switches »7° 5¥) M2 281 DR 77377 MOWHOR NP7 79778 SWRIT 1702
172 M RNAW 72) PRDO0PNAT Q2IOWT 100MY YN 1AN 0210w 1907 ,10 1 .(Led Bars 70 %)



70 5Y 93yn2 03) 2171 92 W TN DY IT0R RIR 93w YW 02M0nI0n PR R (R
.(Comment

MII1TN

.INR2 o1 WK Tutorial 775y 172y
YOI ANIY PRI 2AVnT DR wiank nin by

nxMounn ax

DX 7IW3I 7P PR 9907 NIM OY 2RI LOAR 92 11200 14 0112 nnann 16 070 5y axen aXeoni
(71971 19912 IR X2 19D) MR MPN KD RN2 19000 21T aMRY 70 (27%°0) vyna uopn

ATV "21TIN

1YA>B ox 0 vmn B,A ,n1v2°0 4 °12 0290 2 92pn wk Comparator  ow1 21717 112
.A<B ox

A-B nx vmm A,B n12°0 4 012 009on 2 9apn WK Subtractor w2 917 12
WX N1°2°0 16 N2 p1nn I N0 4 321 7901 Yapn W Decodel6 awa 717 112
0 7w ohvaaRwn 9o 1 7w nhya 1 n2on

.0000100000000000 7R27T PRI DR I NTINT =5 DK RANTD

.Decode 1-8 1wa wnnw: 19

1

2
3

D'"71TIN

i pnnar 1971 N0 4 Hva1 990m N0 16 na nnann 92pn (Adjacent_Alive
Roax 0101

Center n°2°01 N1°2°0 4 H¥2 1 790n ,N12°0 16 N2 nnann 22pn :Adjacent_Line_Count
0°10wn Center=1 OX 175 .1 7 21pn% WO (N12°0 4 HY2 1507 0210w 150N DR I
A-1,1,i+1 mmpna 190> 2010w Center=0 aXy i+1,i-1 77 nnpna 1700™

nnX 95 n12°0 16 N2 mw 3 2pn :Adjacent_Count

Y2 7901) 0310WT 50N NXR TN .N12°0 4 5y i vom LineUp,LineCenter,LineDown
1 1 op»a LineCenter 77 w2 805 wow (Moo 4

nnX 92 n12°0 16 maa mw 3 9apn 9apn :Cell_Next_Generation

.N12°0 8 Hva data 150m N1°2°0 4 Y2 i 19on, LineUp,LineCenter,LineDown

0°7907 °1W — max Y min DR 2°77P7 1K data 2) X2 X 01 827 72 °0 KN aR 1 0mn
(7R 95 N0 4 %52

nnX 92 N12°0 16 maa M 3 9apn 92pn :Line_Next_Generation

.20 8 Hya data pom1, LineUp,LineCenter,LineDown

LineCenter 77w W X277 2177 DX 7117



92 W R27 N7 DR I N0 14 5w mw 16 92pn :Matrix_Next_Generation .6
R
JRD IRINAT 73227 DR XPNT WhanD 7217 PR 20 0w



6 7'2an NI'NO9'o NIDOYNI AN

573907 9y login 137X XX

(30%) 1 nixw

217 393977 N2ava WwoR LAND vy NOR »ww narva JK 20m 22397 50 o3 3275807 o0
.(MYwa Mon &92) *11010-X 1PN (Q” = 11Q=0) clear 2¥x1n7 (Q’=0 1Q =1 ) set
.clear ¥1¥°2% NN set $1¥°2% NAX MD°10 2 017 119D

A7397 20 922 wnnwah o°Rw ank I voph AW 09270 D012 NV 91T 232 NIRAT NYRYA

(30%) 2 hixw
SN R A2 7Y (T uopn) WP 1779900 OR 1 K17 190 AR°% 77 WK 9390 128

(30%) 3 n'ixv

32 P50 101 n1anna Hw My 790m OX 1 X7 190 AR0%°7 7Y WK 2Avn 1%y
Myoit 2 1w 10101 nnnna 2% ww

(10%) 4 n'ixv

0100 *RP27 DO IR M7 WX .07 100 : AR NP0 2 19 WK 9Avn XY
PWIY TV RIPIW 1907 Pw 3 2 P00 Dw DR R I9RT NIRRT DW TR

RANT?

M2V 2POTIT 790N Rlphivdaiaklistaly X217 19070 S3uni YW uoon
(Cnwy) (0100)

0 0 0 00

1 01 1 01

2 010 2 10

3 0101 5 10

19 7Y IRIPI WK N12°0:7 93 A0IR KIT D0 NAR D320 NRIPI YW P17 932w 27 0w
1997
PR AR N°2°0 17 22N 1KY IRY 79017 TW 71,0120 2w nnann a2 L

PPN DRXIN WA192) 3 2 AN NRY MWV 190 IR AN Qv P 1 v Yty uy .2
LRWD 25 W L(DRwm







Solution to Exercise 6 Q2

3 Encounter module
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Output 1 if 101 is encountered

Solution to Exercise 6 Q2
Counter Module

A mod 3 counter for the number of appearances
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5 he Complete Circuit Q2

Q1
Q1 1
B counter
Module | @
Q2 1,
cP

5 How does the solution work?

-

i Updating Flip-Flops

3 How does the solution work?
Suppose 2 101 were encountered. The Counter module is

In state 10. Suppose that now 10 were encountered,
The encounter module is in state 10

:

3 How does the solution work?
urrent Time

|

I=1 Counter Module = Encounter | E0=0
10 Module =
10
And(1) =0 And(2) =0 0=0




3 How does the solution work?
urrent Time

L

-4

Counter Module = Encounter |EO=1
10 Module =
10
And(1) =0 And(2) =0 0=0

3 How does the solution work?
urrent Time

|§l
T

Counter Module = 10 | Encounter |E0=1
Module =
10
And(1) =0 And(2) =1 0=1

ow does the solution work?

i Current Time

i

Counter Module = 00

Encounter
Module =
01

E0=0

0=1

ow does the solution work?

g How does

”r

Current Time

1=0 Counter Module = 00 | Encounter | E0=0
Module =
01

And(1) =1 And(2) =0 0=1

%

Solution to Question 2
Exercise 7

—

3 Events in synchronized system

Updating Flip-Flops




The requirements:

= All the inputs to the FF must be stable
at least t,, before the update of the
FF

= All the outputs of the circuit must be
stable on their right value, as close as
possible to the updating of inputs.

Analyze the timing of the

3 circuit
Module 2

Module 1

>
L[

—

—t
cp

1. Analyze the state machine

5 of module 1
1/0

m

o (%) ©)

11 0/C

a/0

1. Analyze the state machine

5 of module 2

Note: Module 2 is a counter.
It progress each update of the FF
To the next state.

AN

The update of the FF is when the clock
Of the FF goes from 1 to 0.

Set the timing of module 1
when it is independent

/I

s

Max{t, co(1),t, c.q(2)} + t,(AND)+t,(OR) ’J

Set the timing of module 2
when it is independent

/I

s

Max{t, ¢ o(1)t, .o(2)} + b (AND ’J




S

The 0" of a circuit:
The time it take the circuit output
to stabilize from the negtive pulse of
the clock.

Examine the “Clock” of

3 module 2.

1. Suppose that module 1 is in state 10.
2. Suppose that now the input is 1

5 The clock of module 2
‘ Current Time

| I=1 ‘ Encounter Module = 10 Module 1 output = 0

5 The clock of module 2

|

I=1 Encounter Module = 10 Module 1 output = 1
The Clock of module 2

3 The clock of module 2

Current Time

'\\ Note, here the clock of 2

Become 0 (!).

I=1 Encounter Module = 01 Module 1 output = 0
The Clock of module 2

The time “0” of module 2

3 should be
Rel Cp | A

The “1” time of module 2

Long enough to wait for
Module 2 module 2 to stabilize

cp




The time “0” of module 2

2 should be
Real Cp | ;

2 The real time “0” of module 2

Of module 1

Max{t, c.o( 1)t c.o(2)} + toy(AND)+

MaX{tp,C-Q( 1 )Itp,C-Q(Z)} + tpd (AN D)

X

Of module’2

Of module 2
N
Max{t, c o(1)ity c.o(2} + t(AND W
Module 2
cp
What about time “1” of

3 module 2?

= Required Time “1” of module 2 is ty,.

= Time “1” of the clock of module 2" is:
= Time “1” of module 1 +
max({ty,c.o(1) tp,cq(2)}+te(AND)

Of module’1

|

Therefore, no problem with time 1.

3 The timing of the total circuit

= Time “1” : The max over time “1” of
all the FF:

Max{teg (1) tierp(2)} + tog(AND)+t,4(NOT)

= Time “0”: The max over all time “0" of
all the FF:

Max{t, c.q (1)t c.q ()} + 2*t,4((AND)+ Max{t{,CQ (1)t co(2}

Of module 1 Of module 2
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Regname = 5+7

a[Jregname,6[ ]

Regname= regname+6

s[]Jregname,7,6[]

regname = 7-6

s[]regname,6[]

regname=regname-6

€

Ry

. a..d onna IR X [regname] 1 (16 ©°022 717°p2 20 = 20h) M7 107 DR 799%7 [] WK
~10 1 730p IR 1072 72173 NPAR 7912° ARYINT IR LMK 7790 N0 237 71w vopa 20 W

SNNXT VPR MPRA 2 P17 (22307 7102 NOTRA 7720 IR ,N1P2°0 8 H¥) ascii TP RIPI UIPI RIP1 v
.IP127 nextchar N°2°077 WK Terminallnput awa n1°2°0 8 H¥2
nextchar N°2°0 NX M2371 P*277% 02°%Y M9 .17°125 nextchar wRI 00h X7 TermianlInput 5w i

JIR2T NIRT DR 0I9PY 2101 DNR WK

ninan

NGhaihhia) PRI R IRT AI02 MMAw 27 M) e NYDITY TV A2 My mRa L1

(%P >TPna KOV TR RY) NI MR 2

OYD11X 0°2°972 7 PYwa 1 070 X7 (02 1:a7) 1% 0 2 92wni a1 a1 marna awnna TIE PR3

2D N2VA QY TN WK A9A2T70 10TV

.NYaAnN NIXIN

IN°°122 2ONR WHRY WX ROM 11 022101 002817 NIRRT ,0ANMNIRT IR WIAT? 02°78 23wnh v .1

(7977231 1 27vy)

0°1p D2an? 2°Rw1 0217 ,19 MO (TKGate 2 112) 12m1 IR 1Y 199X91 7792 ) vowh kw1 0217 .2
JRD D172 11200 19K 1U¥Y 17°9P IR, AW D120 1907 ova

.ROM 1 Full Adder ,Comparator , Encoder , Decoder ,DeMuX ,MUX2 wnnwi> o°kwn 0217 .3
NIX DMK 2°23UM2 DWnANWA 0337 OX .12 7217%7 72207 DX mwd ROM 2 2ownanwn 0037 WK

Rapl7alaljaliah SN EER'S




L1171

.2IN97 QNPNAYRT DR Whan® 2220 01K L7272 10770 0
b Ralahnbbb e lal dakiviizky B |

1. Read next character into Input

2. SelectonlI
a. I=0: Operation € Decode_Operation(Input)
b.
c.

23912 %97 72 ASCIT 7P DR 220 WK (22917°%) 22170 1207 Decode_Operaion W2

X177 2P DR ORI VATMD INIR MNAWH X7 0IPT 2 NPNAWT MWD YX2IW Nvon 272 w2
(D772 N°2°0 W RN 09PT,27 WW) 2000nM0T 192 nn 730 ,ASCII vana

072 WnANWN WR 2°2A2307T 2ART IR 12D L3

2AUnD QORNAT ANPNAPRY 1 25w anaoRa nR a4

0. Set NextChar =1 , Input Load =1 Now Terminalline holds the next character,
nc

1. Set NextChar =0 , Input Load =0 Now TerminalLine=0., Input hold nc.

2. When I=0 : Load of register [Operation] = 1

3. When I=0 : Operation = Decode_Operation(Input)

4. When I=0 : Load of register [Operation] = 0

.0°2%W 711 12 0°707 1971 7272 KANT 107 3 TYEA DN NIRRT

ONINDRT YW 0%AT DNNART IR DY .5
Dayna Nk wvw .6

5°370% NI NrnIR? ASCII p

NING (16 ©022) Ascii TP

61h

62h

63h

64h

65h

73h

30h

31h

32h

33h

34h

35h

36h

37h

XN NN AW |~ [O|lxw |Ta|lo |o|w

38h




3%h

A

20h




!'_ Solution to Exercise 8



i The algorithm

I Op < Decode Op(Terminallnput)

I Dest < Decode Dest(Terminallnput)
| = Digl € Decode_Digit(Terminallnput)
D

| = Ig2 € Decode_ Digit(Terminallnput)
2. IfOp=='¢'E<O
3. ITmp éTerminaIInput, | = 1+1
2. (I == 3) && Tmp == 20h (space):
1. Reg[Dest] €< Op(Reg[Dest],Digl)
2. =0
(I==4):
1. Reg[Dest] < Op(Digl,Dig2)
2. =0

0:
1:
=2:
=3:



i The algorithm

p € Decode Op(Terminallnput)
est € Decode_ Dest(Terminallnput)
igl €< Decode Digit(Terminallnput)
Ig2 < Decode Digit(Terminallnput)
‘e E< O
5. Imp €Terminallnput, | = I+1
2. (I == 3) && Tmp == 20h (space):
1. Reg[Dest] €< Op(Reg[Dest],Digl)

2. | =

Execute if
Condition —*

UUUO

1. Reg[Dest] < Op(Digl,Dig2)
2. =0



i The algorithm

2.
3.

Put result 4,

in the reg

Written in dest 2.

Op < Decode Op(Terminallnput)
Dest < Decode Dest(Terminallnput)
Di

Di

igl €< Decode Digit(Terminallnput)
g2 < Decode_ Digit(Terminallnput)

IfOp==eE <O
Tmp éTermlnaIInput | = 1+1

I 0:
I 1:
I 2 :
| ==3:

Reg[Dest] €< Op(Digl,Dig2)
| =0



i Register sizes:

= Op — 2 bit

= Dest — 2 bit
= Digl — 8 hits
= Dig2 — 8 hits
= atod- 8 bits
= Tmp — 8 bits
s E=1




NextChar

Terminallnput

Deest_Decode

Qp_Decode

Dest

Decode

MUX 1

i

MUX 3/

Note that the clock
Is coonected to all the

sequential components

The Control
the Circuit

ROM

of




i Control of the circuit

= NextChar

= DecodelEnable
= DecodeZEnable
= Mux?2

= Mux3

= lwrite

= Tmpwrite




i The control of the circuit

Input Output
E Ste | Cond | Cond > decode decode
p 1 2 ble 0
1 0 0 0 1 1 0 0 0 0
1 1 0 0 0 0 0 0 0 0
1 2 0 0 1 0 0 0 0 1
1 3 1 0 0 0 1 1 0 0
1 3 0 1 0 0 1 0 1 0




i Op Decode

Input

01100001
(61h = a)

00

01110011
(73h =9)

01

01100101
(65h = e)

11




i Dest Decode

Input

01100001
(61h = a)

00

01110010
(62h = b)

01

01100011
(63h = ¢)

10

01100100
(64h = d)

11




X 770 — 9 '7aan NIfMN9'o NDAYNI AN

9307 v login 1% XIX
DPWISWwA 9INT DR W7 WOR
LNRT WX WO MY 2007y

VP 022397 ,1100°T DY 197709) NI YR wanwnan MTIPD 2apn wR 23vn tkgate 2 wnnl a1 22002
(3707 02 R tkgate 2 wnnwnan

:X277 P22 72N WK 7DWT 070 DY MN¥P NN 4 23001

(65000 1 7uP1) 0 1 9172 7DON ADTA WK (7Y DY MWD AOWN) 10N N .1

i \sh b Faby fntah i)

Set $1 = MyNumnber .a
Print The number on the terminal. .b

(029w R aR — 1907 9912) IR 70D WK 711510 12001 30000 1-30000 P2 00n M 2
NRMP IR 79077 MR 77721 (65000 7 0 1°2) °21°7 7907 21070 DUIP WK 71N 12N L3
.X7P1 (enter) Ob 1077 WX NN 1007

SR 9017 MR 71 (30000 to 30000 12) N90n 21navhn NYRIP WK 11N 12N 4
.X7P1 (enter) Ob W07 WX NN DM NRIP .57 *197 77 (2D 7P) — IR 90w 1501 OX

ITaynn 7w ni7iyon
MR NIIYD DR VXD 729N Y

Micro instruction

| Meaning

| Comments

Arithmetic / logic operations

$3=9%2+%1

Set register $3 with $2 + $1

$3=92-951

Set register $3 with $2 - $1

$3 = mod($2,$1)

Set register $3 with b such that
$1*a+b=9%2 (b<a)

Use the tkgate division

$3 =$2/$1 Set register $3 with a such that | Use the tkgate division
$1*a+b=9%2 (b<a)

$3 =952 *$§1 Set register $3 with $2 * $1 Use tkgate multiplier

$3 = AND($2,$1) Set register $3 with And($2,$1)

$3 =NOT ($1) Set register $3 with not ($1)

$3 = OR($2,$1) Set register $3 with Or($2,$1)

$3 = H($1) Set register $3 with upper 8 bits | For example (in hexadecimal)

of $1

if $1 = 0fObh then
$3 = 000fh. Implement using




the shift in the ALU

$3 =L($1)

Set register $3 with lower 8 bits
of $1

1Shift $1,$2

Shift left $1 in $2 bits (the
lower 8 bits)

rShift $1,$2

Shift right $1 in $2 bits (the
lower 8 bits)

Set-on-less $1,$2,$3

$1 =1 1if $2< $3 $1=0 otherwise

$1 =VAL

Put the VAL in register $1

Memory Access operations

Load $1,Addr($2)

Load into $1 the value in
Addr+$2

Store $1,Addr($2)

Store in $1 the value in
Addr+$2

Push $1 Push $1 to the stack

Push PC Push the current value of PC to
the stack. (note that the current
value of PC already points to
the next instruction).

Pop $1 Pop the stack into register $1.

1/0 operations

Read $1 Read a character from the See the section on tty in order
terminal into the lower 8 bits of | to see how to implement it
register $1

Print $1 Print the character in the lower | See the section on tty in order
8 bits of $1 to see how to implement it

Program control
J Addr Jump to address Addr
Return $1 Jump to address $1

Jne $1,$2,Addr

Jump to Addr if $1 is different
than $2

Je $1,$2,Addr

Jump to Addr if $1 equals $2

DR X791 2200%37 A7 92 7207 1w 707 X077 $3=$2+$1 102902 711137 .X 7901 0077 1120 X1 $X WD
SWOHW 0002 IRYINT

(1HY 21107 1071 R 12 0 X7 0 q0000) 7 Dy ahye KD 72vnn YW 0°00°a00 1000

X ,("21 MAR, IR , PC% ,n*10mai 5w ¥°2¥17) 0ONK 0°00°302 wnnwa? 001,198 2°00°30 7291
DPUANIRT MWD 2w 1WA 17920 KD 19K 0000

2N R M o2 07w a2 wrnwa? PR — (IR M PC ,SP 7 .0x) p1°72 1200 16 °9v2 0n 0200°3017 9
.20



.Taynn v n71ivon onniax

X277 AN AP B9 T2V N2vnT

CAR++ ,PC++ IR 707 nxan awon nk wo : CAR=0 .1
IR 77 7302 nRxmw 79we% oRknan 7w Nk CAR 2237 :CAR=1 2
(CAR=0 2371 79102) .n7woa nk vxa :CAR=... 3

. fetch 725w ooXp1 21 1 02w

noaennRa

.2939077 5w "2 PHN2 12071 WXy AROIPT PAMD .NPI0NNT PRI IR MMNTRINNT AR whank N oy
N°IONNT WRI 2w 1172°12 NAWNDT PIMN T I00°302 .SP w1 1) Q000 PUIN1 1IR NPIonn whan® nin oy
Pop 1 Push : m?y5 2 971112 5¥ onoun

:72 wnan Push 19wo7

2195 .nvaonn? PC nRk 07 - push PC (or $1)  .a

SP =SP+1 .i

(SP 2w n21n32 PCaw 77w nx 2*w) Load PC (or $1),SP .ii
S0O302 NI AR N°I0MNT WRID TV DR XX —pop $1 b

Store $1,SP i

SP=SP-1 .ii

117N

NPT P2 NR2 77137 ,310 1m0 . TKGate 5w 2nRka TTY 1 RAM ,0700°31 %9 707737 nROwp .1
559 Led Y 70710 939 switches 112 , TTY av 771287 DX 0 20 P2an% nan Yy .RAM ay a7mayb
,ascil TP2 X7 7097737W 1197 .0°0°2 8 37w Mo°10b Led Bar 1 DIP Switch 1,772 002 Ro7w X°X°
.a MR — 61h R 72377 101 109717 X7 MND0 WX 2°71907 RY 2R 227,199

2¥ MRNTT 92 IR anwnnw IR P71 tkgate 2 23017 IR WAR IWRD 25w 017 DY Davnan R wnn 2

Rkt
MIRAT Mo va ALU M2 .3
M .
Ton .d
.(tkgate SWw 99571 23vn2 wnnwnh QORWI 0217) 290 e
(tkgate v 712°17 2ayn2 wnnwa? oOXw 0337) P na naRw Lf
(tkgate 5w PY?°mn 2avna wnnwah oORWD 0217) PN .g

N2°R2 WANW) 22pnnaw NP0 19012 ALU 715w ARXING YW 7R IR 7107 7007 1102 WORY W
(tkgate v wonn



ARANTY MR 71N Y avan i 4

1 799K |

AR 20-nN |

AN N0 |

WD 1P DX 173T) AMIR WanY 70 WATIT MYWo-11p 7 A0IX 1R 9w 9% aRInn 72 mvav any S

.(fetch

o

, TTY ,RAM ,0700°377 X1A172) 12917 92937 DX 1720 Im190 .control 17 X972 2awnn nR a7
.05 decoder m MUX 71 nqva (CAR,IR
1227 122 AR P2 ORNN WK 77207 2°PIPT IR, MWD 1P 380 9000 17100 A9 Daw on .8

MIRTA

o277 CAR 73 X7 7299 937 993 ,CAR 17 nav R 12

7920 TR MWD 1P 2 M7 load™ (fetch 2 1I9) NAR 72190 1P AWINT NOVANIR ARNI? MO

N7 DOWOKR
Instruction CAR
Arithmetic operation 00010
Load 00011
00100
i lon}
: control? CAR 1772 niaxnn qwx nhav a9
L,RNNT?
Input Outputs
CAR PC Load IR load Ect..
00000 1 1 .control N°2°0 MY

IR 7.nR PC 170X 1ot w9y ,(fetch ,1377) 00000 CAR 2 m195

TORI2 NIn Y (D130 IR) YN 79202 2°0°2 4 92 107 yRIn dnOXT0Rn TP 17200 DR AR 02°5yw 111von

L RA0 DX

.23¥n1 5w control 57 DX 172 ,2ORNAT 1102717 YR DR 120D ,09R1POXT0RT TP 6 71920 DR 1nn .10
710271 D RPRNNT 02T ¥R 79202 13RI 197 INRY MIRNTT A0 IR NOWRT 29021 71010 wianl WK .11
JORPOXTOP2 TIPR Ml
0w 01007 IR $5 2 720w (AnRnN2)$2 21 $1 220 1 1 200790 DR 72081 IR 7I0INT ,RHNT?



Instruction | Type | Instruction Empty | Operand 1 | Operand 2 | Operand 3 Value
(2 bits) (4 bits) (1bit) (3bits) (3 bits) (3 bits) (16bits)
$1=0001h | O | o 1[1]1]1 0 olo[o[o]o]oJlo|] o0 ]|1] 000lh
0001
$2=00a0h | 0 | 0 | 1)1 --“ﬂﬂﬂﬂnﬂﬂ-ﬂ 00a0h
00a0
$5=82+481[ 0 [ 0 | 0]0 ﬂﬂ“ﬂﬂ-ﬂ-ﬂ-ﬂ- 00000h
0 0000h
279 FIRTY 1007 SW NI yAwn 10
0/ 3c010001
1/ 3¢0200a0
2/ 00550000

16 R (MR NRT NIRT? WDOR °KR) 170°152 0°0°27 1501 ,32 RI7 IR 0°Y°27 1501 27 MW

Debug

0°2°3791 MID°127 MYAWA QY MIRY NNY 02°%8 20T DR DWO? D12 DY .J0WD AR 2173 23vn2 NINRCAY NROXN
SPRIPRTONI IR (TT12 122 RIT OR) IR TITP2 10 DR NWAN L8 0T TN P DY NOwImn aXonh .0 nwn
211277 77920 95 21722 19010 D

(1% ywa oy K v 1»°07) 027712 027932 07PNt 1107

S 90 NPTIAY (2°NW IR W N2) TIXP 730N 1202 ,INN2WE NRY PPN 2Avnn ok p1727 nan by

D RANTY
$1 =0f0fth .1
$2=10 2

Store $1,100($2) .3

TINDT OY IRAY .YAIPY INR 2107 IR PLH 2°212° 2237 (IR I12PY NI YY) NI 193N DR 21720 Nan Oy
.(load R) dump °¥DIN2 17M27 "7

vimmn 7y ninyn

ROM (701 X) 22 wnnwit 32bit »n 012 718 w° ar .32bit X131 ROM 2w 5120050 97107
.RAM 115w n21n377 N0°10 2% 00 17 12 (Man ww) buffer 70112 7y tkgate Hw 1.8.5 X072 .
92 175 .0 % 2200°07 92 IR PANRY WK 0001 2w clear 7 MIRYYH switch 701 NOYRT InnRY L3

.702Y° 20 2avni on A¥1? M2y° switch wRd . 0 77w wape 0°woeann off 2¥na Switch 1 7w
(9717 7IN% 179°312 172 ,main 2 MR W) 717 TIN2 RAM 3% ROM owb R 4
8 9 2701 N1,N1°2°0 16 °H9¥2 017 2I00ATW PPN 0PI N0 8 HYA TPa 2N01 KIPI Uopn
.DINNMNT N0
TR NYIINAT 32907 OR D7 . WANWHnn aR2T NIRT N72P00 WK np217 DSR 7 2000 22 w6
DX 112,377 7°V27 IR 7IN97 NI DY RPN RY NOMOIIT NIRT 0ORNN 77227 N92°0 MR DW R0
NX 109X ,NINT NR*IP 7I02 .777W 10T TW2A IMR PR ROX DSR DX 09%° X2 0 v9pw 72 79920
.DSR~n
££00 77 100 DR R (RTS=0 9m193) X AR PR oR .7

o =

W




:0°X27 0°2%WN DR Y¥2L %Y 712vn RAM % 72nonw nain by .8
TIXT7 NN IR WD .a
N2IN57 R NI IR WL b
DNRD VTR AR 2N

(noMxEn ®NNTXT) .RAM 17 n0°10 1°2% NAINDT 2w NN 12 NIAT WW 2°W9 72w ,20 W
.2000ns > 5w cycle Hva n1a% Pywn pR s .9

2517 SX2P AR

:X27 73217 N W ROM 2w '8 RAM  5w) 1ot yaps
Address/ data data data

X277 70 8 K17 (N2°12 7129117 IM192) 195 2MT 4 K17 NN 2MT 12 NI MDD
a/ 0f 0a 01
e/ 01
10/ 3

X7 191 0a 7w DX b opna, Of 797 nR a oIpna 20X

W7 W ,(51°7 N7 Y Axonh RS load NP2 N12°17 NPMA T HY) X7 27O TN NWLY 1001 KOR DO%ap
11217 YW properties N9 YR N2 0T 0¥ WRIN

STRAT DINTT

X2PY WP .00INDIT N2 0% 91 README q10xa %awnn v 2w o1nuphR pnw weanh v .1
.program3 1 program?2 programl 3 11,2 N1 S P21
WOAI2 WO NNDY 072 DNWRNWT WK 2270 92 W 09T pny waano v .2

HRal=hh il e
19 119 NODII ARIPY

.Digital logic and computer design , Mano e
(7292 N231R2 1907)
Chapter 10 Control logic design o
Chapter 11 Computer design o
Chapter 12 — microcomputer system design o
.Computer organization and design, chapter 5 patterson and hennessy
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