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Holding in a state is implicit. Unspecified outputs
are implicitly unasserted. ,
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Problem2 (14 points) KeY .

[4pts.) - ) Find the minimal sum-of-products form for
¥ = ABCD + ABTD + ABCD + ABCD

+ AB(CD + CD)+AB(CD + TD)

+ R-D

{4 pts] ) Find the minimal product-of-sums form for

Y=A-D¥AB-D -

e e
< /,>® o1V (e
o LA
ot 14 1
"W ,@ !
ol O]
8o e
Nl

State Input | Output | NextStste
S0 ° [ 3 50
S0 1 0 .81
ST ~ 0. 1 2
-8t 1 .0 S6
SZ () [} 83
2 1 [ S6
S3 () 0 [5)
§3. 1 0 S6
T 0 1 4
S4 R 0 S4
§1] 0 1 "S5
§5 1 0 s4
S6 0 1 53
$6 1 0 s2
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problem3 (24 points) KeY

{8pts.] &) Using the data path on page 8, and the timing diagram below, list in register transfer notation (RTN),
the operation which is occurring on the rising edge of the clock. (Note: This timing diagram is inde-
_pendent of the controller on page 9.)
clock edge I: RTN_gqackasge MR
clockedge2: RIN_PC¥MAR ) petl 3 Pc .
3: RIN anB‘m. leHm_ meﬂwﬂ?l«i =B frprs 3
RIN_IR-7 AR L ani
RIN_P< AR, RAMTAAR] dis AS—YAC  Mpe2eelPs,

Pc=2o0l, MARZ®

?nﬁ&u.k.
RIN_Pct!—=2Pc, ?:niﬁ_..«.ﬁ».. Gurbeye MR A A=232

RAML207] TR =50

RIN FR-DMMR pan=l
RINTRMAR Ac—=mpamTMaRY

I S R Y

1 2 3 4 5 [ 7 8 9
cLOCK [ 1 ,

IROUT S [ T 1
pcout _JT 1 "
rest - I 1 . P I

m : |

PCLOAD

ACLOAD __ _ T |
IRLOAD o W _

ALU[1:0)
RBUSOUT
oEL i | ! | I 1
WEL N ‘ S BN
DateBus{15:0]_' ¥ TiT WSS X T I X8oT LY
-&Bm%m"erwnuﬂﬂ ) Qi Y LT IR Fo1 :

(CS.L tied to ground)
MARLOAD=1
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{8 pts.]. b) The initial values for the registers are: PC = 0%2000, IR = 0x0800, AC = 0x1212. The -
RAM contents are: -

Address Data

0x0800 Ox11t1
0x0801 - 0x2222
0x0802 - 0x3333
0%2000. 0x0800
0x2001 - 0x0801
0x2002 = Ox0802

Complete the timing diagram above for the Data Bus and address bus. If value is undefined, indicate
by 772. Also indicate tri-state (HiZ) conditions.

{3pts.] ©) Assuming WE is clean, considering timing skew and possible glitches, is there a potential problem
near the rising edge of clock 77 If so, bricfly state the problem.

These 1§ « ﬂo.fyr,;p problem  Sirce He chdress [ies are
Q/S‘u?u vk oMer e rising Qhwn of cdock 7.
H s ,wohﬂrf.; el dade  codck be writlen o ?Lrln @A gsar.
Als, fhece 1 Hhe T%&.@Qﬁ bos conHich de fo CEL od
RRsoT  boing asSented b He  Soma Hime .

3pts.] d) >$=B?m WE is clean, considering timing skew and possible mmas,nm. is there a potential problem
near the rising edge of clock 8? If so, briefly state the problem. ‘

ALV cotrol lines  Grdl RBESOX Conveel [ine may have
ghtdres aler Hhe rsing €5e of ok 8. Hhe e

s &?z ?o \T?:U .vwﬁt\ " Conpect detn  codd be __\J_.Ws,“d

[2pts.} ) quanBoQ&agimmaon%mQ.Ea %mmnuamgv_&n why or why not. :
 Yes. Olherwlie the oddresy  lines hedd not be
held sllle Horing @ il opde. At clak edye m\

TR-mMAR heeds + [t Jhe address regishr

o dodk cyde befire WE ¥ aSeded fo ?.i,?«
ﬂ?ﬁ&? ?z@'fé./g Ho WC?&I n.v Pfog. ,
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Problem 4 ,!.n»rw@.m.!si:n (10 points) me\

Using the data vnn. on vumu 8 and BESE.O«BB_&& controller on page 9, write a microprogram, in symbolic
form, to execute the na_gsm algorithm: (Recall AC<15> is bit _u of AC.)

IR - MAR

while (AC<15>=0) . ’
{RAM {MAR] plus AC > AC, IR = MAR
wnillvo.uml;;a

AC > RAM [MAR]

PCMAR

gg\r}xui% .

" You have two micro-instructions nca_nc_n DO p:m JMP.

AR needs Ao be loaded with

IR Hhnoughost s Sechon. -

Labd , Operation
T bzer | TeomW |
TMpCACRIVERT | m?r%bg?a Mme
 Loof | o TR | e
|Bo TRoT Ao KA Esnzs&;ot«bn

- NErT

fgAD

Do TRT, Pctl

ame ( Ac<ts uv Loof’

Do TRosU

Do TR =A) wer€o

Do Peodt) Y=A, werEN
Do tRLoaD, RO

peh~ pe, %LB\%

[Ccan: reed 84» Pc+l-on

CSame Qoqk i k&h:,@@\
Qnee oE 18 asserted _J\

- dededk.

A~ RAMEPAR)
Pc—MAR
RAMEMAR] —>TR
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Problem'5 (12 points) .
Using the data path on page 8, draw.a state diagram(s) for a Zooa.gh FSM(s) which will control the following
operations: - . :
1) IR -» MAR :mSaEJ -
TRoS ?>ab>o Y x@m&u 5 WE)

? AC - RAM [MAR] )
- >nv_=m§?a>al>n %O.I AcloAD, ALY .ou |

4) PC+1 —=PC -

- Your state &»mBB must show all wmmo:& coritrol m.maw_m and your mo».ﬁu should tolerate timing m_as GEEE

causing bus 8:?2» or incorrect EnEoQ om.n_.n:oam m%__enw show nnm_.sgw states..
Shde. Mackine o nexdive bk o
&m fifeh weE.L
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" problem® _FSM Microprogram Analysis (30 points)  KEY |

gﬁo:ﬁﬁiﬂnﬁﬁsmﬁﬁgﬁag?ﬂrﬁ page 8 and the microprogrammed controller shown
on page 9. All components are synchronous. Partial microprogram ROM contents in Hexadecimal are:

Address | HexData (oo pori ALY MEM ,

5 ox@ 1 LY oo U peor pop s BH
1 0x60 | o oo 02 ot TRoAO FA  REo
2 0x30 Q W oo PoX NP Ea  gfad -
3 oxa4 ] ow.n_ IM.Q D R Bin -
4 ox7 b tVleo . T ... LA Wereo
s ox72 ¢ K +bo o ookt _  WRE(
6 OxE0  IMPCing) ©00

The initial values for the data path registers are: PC = 0 %2000 IR = 0x 0900, AC = 0x 1212. The RAM
contents are: address 00800 = 0 1111; address 0> 0801 = 0x2222; address 0% 0802 =-0x3333;
address 0 x 2000 = cxcwce"&&ammcxuog = 00801 ; address 0 x2002 =-0x0802.

R S S S

CLOCK

7 & 9

IROUT

e |

PCOUT

PC+1

PCLOAD ___

ACLOAD

{RLOAD

ALY[1:0)

RBUSOUT _,
COEL

. WEL .

DataBus[15:0]

t

address[13:0]__

{CS.L tied to ground) - MARLOAD=1

clods edge

Rk w1 o A rooi)

<) Py?mrooul ™R TR=OF°

Pe-mnR
4) Ton

5 RmAR, famiBec] —AC (Ac= 1)
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