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Remember to show ALL work here and in EVERY problem on this exam.
[10%] 1. Circuit Analysis

What is the logic equation for X in the given circuit? Do not simplify or transform it into an
SOP or POS form. Leave the logic expression as it is after analysis. Also, draw the
intermediate expression at the input to each gate.

* Notation reminder: A(H) is the same as A.H
* Boolean expression answers must be in lexical order, i.e., /A before A, A before B, etc.
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[10%] 2. Circuit Synthesis

Draw a mixed-logic circuit diagram (with the minimum number of gates) to
directly implement the below equation. All inputs and the output can be of
any activation-level desired. Be sure to specify the desired activation
levels. Do not simplify this equation. You may only use gates available on

74HC10 chips (shown). Use as many 74HC10 chips as you need, but use the

minimum number required to solve this problem.
F=A*B*D + B*/C*/E + /A*C*/D
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[10%] 3. Implementation of an ASM chart using clocked S-R FFs

A \ A
X wll=0,Q,| W l [0

Sway

Click @

S-R characteristic
table:

72}
_— e O O = O
WD D e O O O

+

_t et et (OO OO

(a) Given the above ASM chart, complete the following block diagram of its implementation
using the minimum number of clocked S-R flip-flops: (2%)

* Determine how many clocked S-R flip-flops that are needed.
* Draw in all the inputs and outputs of the combinatorial circuit.

« Make all necessary connections to complete the block diagram (between the

- combinatorial circuit and the clocked S-R flip-flops).

(lnputs) Combinatorial circuit (OUtpUtS) (Draw flip-flops here.)
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3. (continued) (ASM chart is repeated here for your convenience)

4 ' A ?&ﬁ%" S-R characteristic
X 11=Q,Q,1] W l ) table:

Sway QQL { R

SR Q| O+

0
D0 |0x  ooil1
Cp <> | 0/ Va0 i
0 0 /O 10/ Lo 01
Y 00 / / X O }?é})
BEREE

Click @

(b) Finish the implementation of the ASM by determining the minimum sum-of-products
(MSOP) logic expressions for all the output signals: (8%)

(If necessary, use the bottom/back of the previous page to do your work.)
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[14%] 4. Assume the below has already been run, and the code that follows in a, b, ¢, d, e, f, g will
follow. Hand assemble the following instructions and fill in the blanks. EA is the 16-bit
effective address. If there is no effective address, write none. (Use the G-CPU instruction set

attached to this test).
ORG $0032 ORG $0048
DataO DC.B $66 Data6 DC.B $3E
ORG $0028 ORG $0058
Datal DC.B $A3 Data7 DC.B $9OE
ORG $002A ORG $2242
Data2 DC.B $74 Data8 DC.B $99, $AC
ORG $0038 )
Data3 DC.B SEC ORG $0000
ORG $003a LDX ysooon X = Foodqe—
Datad DC.B SEC LDAA #3 A= PO35—
ORG $0040 LDAB #37 8 5;' 4"
Datab DC.B SAB SUM_AB ﬁ =7z 56"‘“‘
4$=$30 ADDRESS INSTRUCTION, HEX ADDRESS ~ HEX VALUE
a) $0008 STAB 48,X X< oﬁgA 0008 /2
EA =800 ZA 0009 320
Value stored =ZZZ OOOA
“000B__
b) $OOO8 LDAA 40 LIAA 28 0008 A
£ ;fgazg_ T0009 23
40 > 28 o I3 T000A _ 0
~000B__
c) $OOO8 DX #Data8 pr#f%fz 0008 28
= pYoo 0009 _ L2
x = 2442 "000A 2A
- "000B
d) $0008 TBA 0008 o/
EA = W0 &4 70009
A= zg 0008
“000B
e) $OOO8 LDAB Data8/}>/?5 «72,4;/2 0008 o085
EA = ﬁ 0009 Sz
Zﬁ ~000A ZA4
~000B
£f) $0008 BN SEF 0008 2 2
EA = NONE 0009 £/~
PC after this T000A
instruction =f/ﬂﬂ’4_ OOOB__
g) $0008 BNE SEF 0008 2/
EA = NONE 0009 £F
PC after this 000A
instruction =¢40{/r’ 000B
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[14%) 5. EEPROM and SRAM
Given as many 256x8 EEPROM chips and 256x8 static RAM chips as needed, design a
1024x8 memory module (with a CS) that has 512x8 of RAM at the lowest addresses and
512x8 of EEPROM at the highest addresses. The 512x8 of RAM must start at address 0 and
the first address of the 512x8 of EEPROM must immediately follow the last RAM address.
Add the minimum number of additional components required. Make sure the EEPROM is
NEVER enabled during a write cycle and the RAM is enabled for both read and write cycles.
The EEPROM and SRAM devices have active low CS and the SRAM devices have a R/'W
control signal.

(2%) a) What is the address range for each of the memory components (in binary and in hex)?

%/4/3%4 0q, 004, o040 - 24, VAN FO00 - FOLF
SRAM  SRAY)-B O, D00GI0C0 -9, (i 4lt/ Fro0-E/AF

BEPROM LZINW) ~C. 10, 00048000 - /G /10111 EZO0- F2FF
EEFVGH -1 [ [,000000000 =/ 1, 1104011/ #2300 - P3FF

(12%) b) Design the required memory device below. Make sure you show the memory module’s
inputs and outputs and all the individual memory component devices. Use labels instead
of wires in the design.

/024X 5 SAU-A
_ 7425 Yymo
AT Rl k) DR D7-Do
el ~o e
_ CSH SEAR)- 3
A7A0 . oy EAyrewnn ,
Co. L "D"—‘ 5 — Rl Py oy—r— ?7’)0
R/ -

&
7-A0 A 740 g
A g It D7 DO
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[15%] 6. HAND Assembly The following program finds all occurrences of $37 in a table with an $FF
end of table marker and replaces them with $AA. It uses the G-CPU instruction set attached
to this test. Hand assemble the program in the space given.

Address Data
(Hex) (Hex) Program
TABLE | 200 | 10 ORG $100
ore/ | 327 Table DC.B $10,$37,$CC,$37,%15
or2e| &L EOT DC.B $FF
o003 | 37 NEW QU MD
/04| 4 CQLD EQU $C8
£O07 | 2r7085 | FF ORG $200

TRT LDX #Table
ST O20| 0 | /iOOP LDAB  EOT
o220 /)| 20 COMB

o riy; / LDAA 0,X
LOP | 0el2| 0% SUM_BA
020% 0§ BEQ QUIT
o205 /. LDAA 0,X
02224 /B IDAB  #OLD L B4B # <&

0207 0O UM_BA
0208 00| BNE NOSW
0209 /[ LDAA  #NEW
D204 2%} STAA 0,X
0208\ /A INX

p20¢| OC BNE LOOP
228D 00 z QUIT BEQ QUIT
g20E| O3

o2~ C &

P2l [ |-

0z/) 2 0

J2/2 (/7)2 AUE" MO

p213| D2’
021 /%} A ANEL DA EAn

o251 /0 :
GTE 35S STAA 2 X
wvosn/| D277 30| ZWX

227 jg )Z BV L00P

QT | 2244 20 E BEY gL

D248 /A4
02/C
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[15%] 7. GCPU Assembly Programming (Use the G-CPU instruction set attached to this test)

Write an entire G-CPU program to copy all the positive values in a table called TABI
(beginning at address $3000) to another table called TAB2 (beginning at address $7000).
TABI has 200 1-byte values already in memory. There is a 16-KB ROM for your program,
starting at address 0 and a 32-KB SRAM, starting at $4000 for data. Be sure to initialize all
necessary values, variables, etc., i.e., assume no initializations are done for you. Be sure to
properly terminate the program (so it does not execute past the end of your program). Use
labels instead of numbers in assembly instructions wherever possible.

Labels

2 ZZ Instlifuctions ~ Comments
778/ U P2020 m@ 2 sz?/
746 2 £y F 7000
. n b ZFHoov Z Wﬂmi 45’%5/04?’)
CIYNT DC.B 20D . Yo $)
‘{_,/
ORE 2 05/) Copi- EQY | £ 4o/
LoX F 748/ LDAA H Zoe
L2V #7482 SIAA N7
LOOP LPAA C X LS DULTS L2ty
LY SKIP - A
STA4 Oy ) L i, F70il 4
ZNY f 77482 znd FNVY
SKI P ZX P ézﬂé 2% 748 /
LPAA U7 Zm/t/
L oh B ZIEE ﬂ;‘
SUN— B4
STAA CONT /am Lot
[OVE  LOo L
£/ LER AN
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8. GCPU Instruction Design (See the G-CPU Next State Table attached to this test)

We want to implement a new instruction for the GCPU. The new instruction will be denoted
as SBAM addr. It added the content of register B to register A (like SUM_BA). But, it also
stores the result into memory at location “addr”. The new opcode for this instruction will be
designated as $32 and the next state available in the Controller’s ASM is $34. Show the
additional states required to implement this new instruction in the Controller’s ASM below
and show all controller output signals that must be true in each new state for this new
instruction:

Assume: R/-W is True for Read and False for Write.

Control Signals: PC_INC, PC_LD_Upper, PC_LD_Lower, MAR_INC, MAR_LD_Upper, MAR_LD_Lower,
X_INC, X_LD _Upper, X_LD_Lower, Y_INC, Y_LD_Upper,Y_LD_Lower, IR_LD, R/-W,
ADDR_SEL1:0, XD_LD, YD_LD

Notel: The controller output signals are also shown in the G CPU Block Diagram for reference.

Fill in the ASM for SBAM $addr (12 pts.):

State = 000000
Note: This is NOT a proper Igl—_l\}],):TT
ASM. Only true signals should l Sy
be in the rectangles and ovals. TR= }fg‘(z
000001 "
REW=T

Existing G CPU Instructions SBAM S$addr
Opcode = $32

oYy vy NS

$36 ;
- | | A< A2
i AIPR_SL=0 | 7
pt 7t /}/5';‘ (R/-w £0)
, _ =2/
W o0\ Gis 10 |
ij zP “ Yy e
5 /%U/W 1 ANR_ LD L g, WUR-1D ()
A2 5A =01
4 State 0 M58 71D
| -,
7R/~ ok
IR LR UFEr, pMak. Lo(H
54 =0/
M56 =10

Va1 44
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GCPU Instructions
ata Movement Instructions:
#of
Opeade | Instruction Operand Description States
0 TAB none Transler A to B (inherent addressina) 2
] TRA none Transfer B to A {inherent addressinn) 2
2 LDAA #data | S bitdata Load A with immediate data (immediate addr.) 3
3 LDAB #data { 8bitdala Load B with immediate dala (immediate addr.) 3
4 LDAA addr | 16 bitaddress | Load A with data from memory localion addr 3
(extended addressing)
s LDABaddr | 16 bitaddress | Load B with data from memory location addr 5
{extended addressing)
6 STAA addr | 16biladdress | Store data in A to memory location addr (extended 5
addressing)
7 STABaddr | 16 bitaddress | Stare data in B to memory location addr (extended 5
addressing)
5 LDX #data ] 16 bitdata Load X wilhy immediate data (immediate addr.) 4
9 LDY #data 16 bitdala Load Y with immediate data (immediate addr.) 4
A LDX addr 16 bit adilr Load X with data from memory location adcdr. '
fextended addressing)
1B LDY addr 16 bit addr Load ¥ with data from memaory location addr., 6
rextended addressing)
C LDAA dd.X | 8Dbit Load A with data from memory location pointed to 4
displacement by X + dd {indexed addressing)
D LDAA ddY | Sbit Load A with data from memory localion pointed to 4
displacement by Y + dd {indexed addressing)
E LDABdd.X | 8bit Load B with data from memory [ocation pointed to 4
displacemenl by X + dd (indexed addressina)
F LDABdd.Y |Sbit Load B with data from memory location pointed to 4
displacement by ¥ + dd (indexed addressing)
10 |STAsddX |8bi Store data in A lo memory location pointed to by X 4
displacement + dd {indexed addressing)
I STAAALY | Sbil Stare data in Alo memory location pointed to by Y 4
displacement + <l {indexed addressing)
12 |STABdd.X |8hit Store data in B 1o memory location pointed o by X+ 4
digplacement dd (indexad addressing)
13 [STABdd.Y |Sbi Store data in B to memary location pointed o by ¥ + | 4
displacement dd (indexad adiressing)
14 SUM BA | none Sum A. B and plage in A {inherent addressing) 2
15 SUM AB | none Sum A. B and place in B {(inherent addressina} 2
16 AND_BA | none AND 4, Band place in & (inherent addressing) 2
17 AND AB | none AND A, Band place in B (inherent addressinn) 2
18 OR BA none OR 4. B and place in A (inherent addresging) 2
19 OR_AB none OR A. B and place in B {inherent addressing) 2
1A COMA none Complemenl contents in A (inherenl addressing) 2
13 [ COMB nong Complement contents in B {inherent addressina) 2
1C SHFA L | none Shili A lefl by one bit {inherenl addressing 2
D SHEFA_R | none Shilt A rizht by one bit (inherent addressinn) 2
IE | SHFB L [ none Shilt B lefl by one bit (inherent addressing) 2
I3 SHFB R | none Shifl B right by ane bit tinherent addressing} 2
30 INX none increment X (inherenl addressing) 2
3 INY none Increment Y (inherent addressing) 2
20 | BEQ addrl | Branch if A = 0. ie.. Z Flag - 1 (absolule
addressina}
2 BNE addrL | Branch il & = 0. i.¢.. Z Flag - 0 {absolute
addressina)
22| BN addrl. | Branch if A is negative. ie. N Flag = |
fabsolute addressing
2B addel. | Branch il A is positive {orzero). 2. N Flag - 0
(absolule addressine)

o3
. 7 llag and N flag are only setand clearad by the contents in register A.
2. A branch is accomplished by moving the operand address ~ackh™ 1o the lower byte ol the PC.
“The upper byte of the PC remains unchs

1altera branch.

3. The Branch Instructions use absolute addressing where only the low byte of the address is used

asan operand. il the branch condition is met. the high byte ol'the PC is wnchanged and the low

byte takes the value of the operand (addrL).

11
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GCPU Block Diagram
Bi-directional 1ala Bus 7
7
: y
& y 8 3
w 1 /
&)
¥ k 4 A 4
L —- IRS:) Controller MUXA MUXB
K Register MRAND
MSBEL ALU
. SR
% IRS:0 . » A Flng -
6 ] ok NFlg f~*
——M CLK PC_INC W
PC_ID UL p—w
— Z Flag MAR_INC =t MUXC
(Reset not shown due MAR_LD ULy p—m
L0 spice constraints) —# N Flan X_INC i
N_LD ULy i
Y_INC  pemp R/-W
Y_1DilAa p—
IR_LD p—>
R&AW >
ADDR_SELED F—
XD_LD p—pr 8 8
YD_LD —»
L Rew
i [ 3
Address Bu.s | Program Counter (F/L) H Mem Addr Reg (H/L) " ‘X Reg Block l
CAISD Mu '
Sy - R I -
16 s S0 I | Y Reg Block
- Note: PC. MAR, X. Y outpuls are 16 bits L___.l
I t-,\m)lz SELL0 X Reg Block ~ X displacement Reg + X Reg (H:L)
Y Reg Blovk = Y displacement Reg + Y Reg (H/L)
L MSC2:0 Aclion
AC ! I I3 v v e . - *
]\'S_A L M%.\O: Bus Selected as lnp_ut ) REGA Bus 10 OUTPUT Bus
NMSBI MSBO to REGA/REGB (i1 REGH Bus o OUTPUT Bus
- y 1 i complement of REGA Bus lo OUTPUT Bus
i [ ST
0 i !.’\_[ _.U L _Bu‘\ 13 bil wise AND REGA/REGE Bus o QUTPUT Bus
0 | REGA Output Bus 100 bit wise OR_REGAREGE Bus to OUTPUT Bus
| 0 REGR O\I[])llt Bus 101 sum ol REGA Bus & REGB Bus 1o OUTPUT Bus
~1 1 1T (Y] shilt REGA Bus left one bitto OUTPUT Bus
ITPU g
1 ! OUTPUT Bus Wl RIEGA Bus right one bit to OUTPUT  Bus
[ iwithout sigrextensions
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Partial GCPU Next State Table
REG | ADDR XY Disp
Pres Snte Opceade Tlags | Sewt Searr Mux Select Coutrul INC SEL P MAR Loading Riga
PC | ADDR | PC MAR X Y
MSA | MSB | MSC IR | R | MAR | SEL LD LD LD LD | XD_LD
Q5.4 IR(S.40} D5, H 1108 | 1.0 13.44 DI MW] XY 11..0} Ly LU LA | LU E YD LD | Prescist Stute Punction
UGOoD AXNKKXX i | i3] 10 DI | 1 [ 1) [ [§4] GO 10} g penesic instruclion fetch
G000} GO0 ] ) D00 I | Luth) o] LK) [ ) 15} au Tramsler A o B{TARB)
JO000 1 0001 10 10 DI ] | LHOL (&5 () [§] [&7] [1lY} U Transfer B 1o A (TBA)
00N [Exel]s] 1] 1) DG 1 | [N 0 (¥ [ (3] i1} 1] LLIIAA #data, state |
U000 KXXXXX 3 11 [SIE] 1] i Lo X)) [5c) (KD ) [} 1] LDAA Sduta, state 2
00001 GO0 7] 10 Ig] 1l 1 14l [2¥ (8] (K3 ) 1] in} LIAT3 #data, state 1
o1 XXNXXX [ ) L 1) 1 QI 2K {13 i3 ) U] 1y LEIALR Sdatn, stite 3
000001 U010 il 10 1016 1 I LUy (&} (W) [ (6] [1iY] ] LDAA adids, siaie |
O] XAXXXX X [} 1¥] [MO0H) 1) 1 L Ui 4 [ 0 1] 00 LDAA addy. shrle 4
agiol HNKXXX ] 1l [+ [N 1) I LUk =] (KD 4] ) 1] iy} LDAA adds, siate
G0 0 XXXNXX K] [ {4 D0 1) 1 DU 0l [ {K) ) 1) ] LDAA adidy, state &
0000 [SE ] [H] ( i3] [[4] [f¥[i]] ] | L) 4] [ {¥) [ Y} i) LOAB addr, stide ¢
no0n11t XAXXXXY {10 i3] 1) 00 1} | L) (8] (KD 1<) () 10 [i[s] EDAR seddr, state 7
031000 XXXXXX 03] 10 D0 U i LO0 (¥ [ ] [CH] 11 U LBAL addr, state 8
00100 AXXKKX ) 0] (e 000 [1} { [N} [#]] £X3 (X3 () ) it} LDAR addr, stite 9
[EXv}] o001 10 R 1] 10 D000 iJ ! Lo i) ) KD o0 ) 11} STAA aldy. stawe |
G010 XXXXXX ] i3} 1%} L) 1 | LUk [%5] (Y] 143 [£4] ] i) STAA adds, stabe A
U011 AXHXXX O] 1400 ) 14 ] ] 1 Q) 00 {K) 4] ) 0 0} STAA addr, state B
031100 XXNKXXXX [ i i3] 1Y 1600 1) 0 oy 0] ¥ (K} ) L] 30 STTAA adkdr, stage C
000001 (e D] RO 4 103 [A[¥A00) 1} | ] ) {X) (K GO ] i) STAR addr, stie i
004 10 XXXKXX OOTLIG i3] 10 LRne 1) | roon 0 (K} 16 G0 ) [ifi] STAR addr, state D
O 110§ XXXXXX [N 1 10 R 1} t LU i) £ 4] 0 1) 00 STARB adily, state B
EREE XXXNXX CYHER) ] 10 4001 1] ] [y 0l () () €3] ) 1]t} STAB addr, state F
OO000 010100 11 10 M6 i} 1 [} %8 {0 {K) 0 0N 1] SUM_BA state |
[RIafu[o}] [ (14| i Il 1] ] i [ (K] 4 [ %] 0 1] SUNM AR sale |
U001 310116 11 1) 0011 1) 1 LU o) {¥) (K3 ) 1] U] AND BA state |
Q000 010111 iy I oLl 1} | L [ (X) (K} ) fil 0 AND AR stare |
OUO0H {EceI]] i3] 10y D10 i | L) Vil ] [§3) [¢8] 1) v 3P adedy state 1
0001 B0 | 0 103 QN0 1 { [ [y [ (K1 GG i) 1] 13P aglddr state |
110030 XREAXXX iy 10 DN i ! L0 Ui 1 {5} ) i1} [t BP addr state 32
110041 XXHXRN 4] 10 W} i 1 Ll [¢9) () (¥ G0 {if) Ul BP adde state 33
aa0u0 1 1O000 23] i) Don i | 10130 [E3) (K () &3] {1} 0ja Tuerament X {INXD
00000 1 100G 01 Y] OO0 1 i | JALED! 0 (¥ €] o) 10 00 Taceatnent Y {INYY
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