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1. Implement the logic equation below using 2 Input NAND Gates only. (6 pt.)
Y= (A*(B+C)) (D+E) ;AL BH,CL DH EL YL
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2. The G GPU has been redesigned to initially boot from 8000 Hex. i.e. Fetch it's first instruction from 8000H
in memory. Assuming that there is a low true Reset signal, explain what needs to be modified in the current
design to facilitate booting from 8000 Hex. (2 pt.) Best Answer = Most Points!
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3. A student has interfaced

14 le=2"

A9:® 1090 (00 xy [ wwyx| wxsey

@8 ROM with the G-CPU starting at address 8000 Hex. The student also

has interfaced and placed 4K'X 8 RAM in the highest 4K of the G-CPU memory map. What is the memory

ranges for the ROM and RAM devices? (2 pt.) [ Ooo )4)‘)( )CX)CXl W X
2k-» 2x2 e 2" UYWL{;}'
ROM Memory Range 8000 Hex to /(g > (Hex) for5K
4/K » 2,, wazw a2k —" 0 )c)oéx | XXX | sexeseX
RAM Memory Range FOOC) (Hex) to FFFF Hex
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4. A vector stored in RAM consists of signed numbers that are one byte in length. Write the code to convert
all the negative numbers to positive numbers. Assume B contains the length of the vector and Y contains

the starting address of the vector. Also, if you need a counter in memory, use address FFFF Hex.

(10 pt)
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For the next set of questions, consult the G-CPU code in Appendix A and assume the following initial
conditions: A =5, X = $FF00, Memory location $FF00 = $00, $FF01 = $11, $FF02 = $22 .... $FF08 = $88.

5. What is the effective address for the STAB instruction at $80067? FFF{ Hex (2 pt.)
6. What is the effective address for the LDAB instruction at $8009? g(‘)oaﬂ Hex (2 pt.)
7. How many times is the LDAA 0,X at address $801C executed at run time? Z Hex (2 pt.)

8. What values in SRAM memory below when the PC is fetching $802ﬂ? (3 pt)

0\ g 7 Ou{ 0' 5 -
$FFO0 = /7/ Hex  $FFO1 = 33 Hex  $FF02 = 27 Hex
o, ; 0\ 5 ) 0‘5
$FFO3 = | l Hex  $FF04 = o0 Hex  $FFO5 = 5 g Hex

9. What is the function of this short program? /é)ewrg 7‘}\72 e/u\réw’/; mﬁ Ueéﬁr"
/: £, /571' é"’}/fvsf 5 2 <> Znd from /4'57L) (».’/ZLC.

(2 pt,)

10. Using only 2:1 decoders, flip-flops, 2:1 muxes, single bit full adders and any other elementary digital
components, design the hardware required to implement the SUM_AY instruction. Label all buses and explain
any new signals you'll need in the ALU, Controller, IR and/or Address Mux. Best design = Most points. (4 pt.)
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11. For the G CPU code shown in A
lines of code shown below. Use th

answers in Hex. (9 pt.)

ppendix A, fill in the cycle table below for the first pass for the
e initial conditions shown on the previous page and show all

LDAB $FFFE ; first pass of this instruction
DECA , assume this takes 2 cycles to execute
Ii ;;@ bifs Mox TR=3F
Controller @ o) A Re Dev drivin Dev Driving @
Cycle State@ AddrBus s IR = BReg | AddrBus Data Bus
1 O | 802 | o5 (o4 |1 |go\| pc Roin
) l %0i2 o5 |05 | | o] pe Rom
3 7 | pol3 FE |05 |1 | o) pC £ om
4 3 | goly FF los || | o) | rc Rom
s |9 [feFe | FD (65 [ 1 | o | mar | panm g
5 O B ols New Opeady O5 | | FD V26 Rom %’
r L ] 9005 pwopeaetini] | FD | po | gom Q
T [ Vv
" New Opeode = 244 oF 5, 32 1o 3F 12 3
/ 12. The G CPU Next State Table and Controller can be found in Appendix B. The Controller was created via N
m x 32 ROM. For the very first and last cycles of the LDAB $FFFE instruction above, show the
addresses and corresponding data that need to be programmed in the ROM. (4 pt.) | /
< ’) N
First Cycle Executed Upptr ( 3) ./fﬁ/«'s e/ 2
— <
ROM Addresses = O OOFF Hex Data= 05 3/ 0 3 Hex
l
Last Cycle Executed Loy ey €3) /351‘2'5 CJN/} !2 U %
ROM Addresses = Oﬁw - 0 9FF Hex Data=_O 3 07 F C H\ex \‘}V\ %\
N
Q

l
14. For the new SUM_AY instruction in Appendix A, show below what needs to be added to the Controlle\j‘
ASM Flow Chart assuming that this instruction will follow the INY instruction in the ASM Chart. (2 pt.)
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Appendix B. G-CPU Controller & Next State Table:

Controller input & Output

o

address[13..0]

Controller Logic

"~ altsyncram2

Controller Qutputs

3 EADDRESS 13..0

Eﬂmuz_D LE1: T
QUTSUT — ——— "Wi5C(3. 0]

QUFER T STAR 1O TOWER |

OB = RAR LB UPPER |
=0 o}

B abb
DBuisr® —— DATAR

Controller Inputs (State, Flags, Instruction)
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1Ef24 Word(s)
RAM

gt Block Type: AUTO

File=controller_rom.mif

ASM State Generation

qa1.0)l

DATA20

DATA31 PR & DS
Il

DATA30 i D4
iy

DATA29 EW‘IS’: D3
AL

DATA28 e D2
]

DATA27 \::&w_ D1

DATA26 w00
178

DATA25 WiE T 1 MsA1
.

DATA24 L MSAO
Lk

DATA23 MSB1

DATA22 WRE_ 1 MSBO
jisr” ]

DATA21 WAL MSC3

D o

““ﬁﬂ MSC2
Here———— p————x

DATA19 FIEC T MsCt

_[},«.. Sel

D8
DATA18 g MSCO

o™
DATA17 N IR_LD

i1
DATA16 WEET R W

{16
DATA15 wHE L PC_INC

1
DATA14 MAR_INC
DATA13 1 X_NC

!

DATA12 Y_INC
DATA11 t ADDR_SEL1
DATA10 PHE ADDR_SELC
DATA9 IPC_LD_LOWER
DATA8 /PC_LD_UPPER
DATA7 |__MAR LD LOWER
DATA6 .1 /MAR_LD_UPPER
DATAS /X_LD_LOWER

Q5
BF TN
D4 FRA Q4
CIK Coe
CLRN
126
/RESET
e 1
D3 T [ o3
o |
JRESET
(%]
OFF N '
D2 TR ) Q2
CLK L 9T
i
5 Cm, '
/RESET
Vﬁrl
G &
D1 R
CLK R
cLay | |
2 O ]
_IRESET
et |
DEF
DO e Qo
CK__ R ¢
; CLRN

IRESET

DATA3 /Y_LD_LOWER_
DATA2 Y_LD_UPPER
DATA1 XD LD

DATAQ YD LD
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Appendix A. G-CPU Code (address of instruction in memory shown on left):

Register A = Vector Length, Register X = Starting Address of Vector

80005
8001
8002::
8003
80047
8005~
8006,7,%
8009 ,A v
800B v
800C ,;D,€

800Fﬁ>}”‘/Loop:

8012 ,13,l4v
8015 ¥

8016V
8017,18V
8019V 1418
801C,JDY,
801E,/F‘/
8020 2l P
8022 );-3
8024
8025
8026 ;27
8028 v

v
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Compute:

Done:

z A=5
ORG $8000 X $ FFOO
TXY Y=FFoo ;new instruction transfer X => Y
SUM_AY Y=FFO5  new instruction A + Y => Y
DEY uy ?FO'-/ ;new instruction Decrement Y
SHFA R ' Az2
TAB <2
comB g=F®
STAB  SFFFE  FFFECFD]

LDAB #1 Rel

SUM BA A=3
STAA  sFFFr  FFAFC31 g b v
LDAA  S$FFFF A=3 D ) A2
LDAB $FFFE B=
DECA AZX ,pazl new instruction Decrement A
TAB BT
2wd Poss
BEQ Done
STAA  S$FFFF  FFFFLC 2]
LDAA 0X A=00
LDAB 0Y g=4¢4
STAA  0Y Fro4[Q®)
STAB 0X ¢rool4Y7]
INX Xz Ffol
DEY y= Ffo3 ;new instruction, Decrement Y
BRA Loop ;new instruction, unconditional branch
BRA Done ;new instruction, unconditional branch

1al
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Page 1/3 G-CPU Controller Next State Table
ADDR XY Disp
Pres State Opcode Flags | Next State Mux Select Control INC SEL PC MAR Loading Regs
PC |ADDR | PC | MAR | X Y
MSA ' MSB | MSC | IR | R [MAR| SEL | LD | LD | LD | LD XD_LD
[5..0] IR[5..0] ZN { D[S0 | (L | [LO] | 3.0 |LD| /W | XY (L9} | 34 | LU | L/U | L/U | YD LD | Present State Function
000000 | XXXXXX | XX | &000001) | {or) [ (10) (lo‘i‘?(% W) W0ty | Qo) | o) T oo 00 [ 00 00 generic instruction fetch
000001 000000 XX | 000000 oyl 01 |wea0 | O 1 [T il 00 00 00 | 00 00 Transfer A to B (TAB)
000001 000001 XX | 000000 10 10 0000 | o | 1 | 1000 00 00 00 00 | 00 00 Transfer B to A (TBA)
000001 000010 XX | ooo010 01 10 0000 [ 0 [ 1 | 1000 00 00 00 00 | 00 00 LDAA #data, state |
000010 | XXXXXX | XX | 000000 00 10 0000 | 0 | 1 | 1000 00 00 00 00 | 00 00 LDAA #data, state 2
000001 000011 XX | 000011 01 10 0000 | 0 | 1 | 1000 00 00 00 00 | 00 00 LDAB #data, state |
000011 | XXXXXX | XX | 000000 01 00 0001 | 0 [ 1 | 1000 00 00 00 00 | 00 00 LDAB #data, state 3
000001 000100 XX | 000100 0t 10 0000 | 0 [ 1 | 1000 00 00 00 00 | 00 00 LDAA addr, statc |
000100 | XXXXXX | XX | 000101 01 10 0000 | 0 [ 1 ] 1000 00 00 10 00 | 00 00 LDAA addr, state 4
000101 | XXXXXX | XX | 000110 01 10 0000 [ o [ 1 | 1000 00 00 01 00 | 00 00 LDAA addr, state 5
| 000110 | XXXXXX | XX | 000000 00 10 0000 | 0 [ 1 | oooo 01 00 00 00 | 00 00 LDAA addr, state 6
000001 000101 XX | oool11 01 10 0000 | 0 [ 1 [ 1000 00 00 00 00 | 00 00 LDAB addr, statc 1
000111 | XXXXXX | XX | 001000 01 10 0000 | o [ 1 | 1000 00 00 10 00 | 00 00 LDAB addr, state 7
001000 | XXXXXX | XX | 001001 01 10 0000 | 0 | 1 [ 1000 | pq 00 01 00 | 00 00 LDAB addr, state §
001001 | XXXXXX | XX | 000000 01 00 ¢ 0000) | (o) [ <) (0000 01 | (00 [ 700 [ (00) | o) LDAB addr, state 9
000001 00 001010 | o | 10 0000 1 00 00 T0 | 00 | 00 STAA addr, state 1
001010 | XXXXXX | XX | 001011 01 10 0000 | 0 | 1 | 1000 00 00 10 00 | 00 00 STAA addr, statc A
001010 | XXXXXX | XX | 001100 01 10 0000 | © 1 [ 1000 | 00 00 01 00 | 00 00 STAA addr, state B
001100 | XXXXXX | XX | 000000 01 10 0000 [ 0 [ o | oooo 01 00 00 00 [ 00 00 STAA addr, state C
000001 000111 XX | ooi101 01 10 0000 | 0 | 1 | 1000 00 00 00 00 | o0 00 STAB addr, state 1
001101 | XXXXXX | XX | ool1i0 01 10 0000 | 0 | 1 | 1000 00 00 10 00 | o0 00 STAB addr, state D
001110 | XXXXXX | XX | ooi111 01 10 0000 | 0o [ 1 | 1000 00 00 01 00 | 00 00 STAB addr, state E
001111 | XXXXXX | XX | 000000 01 10 0001 | 0 [ o [ oooo 01 00 00 00 | 00 00 STAB addr, state F
000001 001000 XX | 010000 01 10 0000 [ 0 [ 1 | 1000 00 00 00 00 | 00 00 LDX #data, state 1
010000 | XXXXXX | XX | 010001 01 10 0000 | 0 [ 1 [ 1000 | o00 00 00 10 | o0 00 LDX #data, state 10
010001 | XXXXXX | XX | 000000 01 10 0000 | 0o [ 1 | 1000 00 00 00 01 00 00 LDX #data, stale 11
000001 001001 XX | 010010 01 10 0000 | 0 [ 1 | 1000 00 00 00 00 [ a0 00 LDY #data, state
010010 | XXXXXX | XX | 010011 01 10 0000 | 0 | 1 | 1000 00 00 00 00 [ 10 00 LDY #data, state 12
010011 | XXXXXX | XX | 000000 | 01 10 0000 | 0 [ 1 | 1000 00 00 00 00 | o1 00 LDY #data, state 13
000001 001010 XX | 010100 01 10 0000 | 0 | 1 | 1000 00 00 00 00 | 00 00 LDX addr, state ||
010100 | XXXXXX | XX | 010101 01 10 0000 | o | 1 | 1000 00 00 10 00 | 00 00 LDX addr, statc 14
010101 | XXXXXX | XX | 010110 01 10 0000 | o | 1 | 1000 00 00 01 00 [ 00 00 LDX addr, state 5
010110 | XXXXXX | XX | 010111 01 10 0000 | 0 [ 1 [ o100 01 00 00 10 [ 00 00 LDX addr, state 16
010111 | XXXXXX | XX | 000000 01 10 0000 | 0 [ 1 | o000 01 00 00 01 | oo 00 LDX addr, state 17
[ 000001 001011 XX | 011000 o1l [ 10 0000 [ 0 [ 1 | 1000 00 00 00 00 | 00 00 LDY addr, statc 1
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