CS2214 COMPUTER ARCHITECTURE & ORGANIZATION FALL 2011

EXAM |1 ANSWERS

1) a) Based on the given high level state diagram, we see that we read a memory location, then NAND it with a reg-
ister and then store the result on the same register.

Thus, this isa NAND between a memory location and a register : NANDMR (NAND Memory Register) :
Syntax : NANDMR  Rt, Disp(Rs)

Semantics : Rt <e— (M[Rs + Disp*] & Rt)

Format, etc. :

» The I format is used since Disp is needed
» \We make two memory accesses for the new instruction :
« One to fetch the instruction (state 0) and one to read a data element (state 3).

b) The datapath modification for the new C) The modified low-level state diagram is as follows :
instruction is as follows :

0

PC—(0 M Same except ALUSIcA = 00
A _p
MDR__ g

1

Same except ALUSrcA =00

LW, SW, NANDMR

ALUSrcA

The ALU is also modified so that it 2 R-format

can perform a NAND operation. In Same except ALUSFCA = 01
order to indicate that it isa NAND, an
ALUcontrol bit combination must be
assigned the NAND operation. We LW, NANDMR
select combination 1000 for it.

States 4 - 9 : Same as before except :

3
ALUop combination “11” indicates Same State 6 : ALUSICA =01
that we will perform a NAND opera- State 8 : ALUSIcA =01
tion for a non-R-type instruction : NANDMR
ALU 16
ALUop| operation | ALUcontrol ALUSICA = 10 -
00 Add 0010 ALUSrcB =00;
01 Sub 0110 ALUop = 11
10 |indicated
by function 17
field of IR : y
égg %%8 (MemtoReg =0 ; RegDst = 0 ; RegWrite = 1)—» To state 0
And 0000
Or 0001
SLT 0111
1 NAND 1000 CPInaNDMR = 6 since we trace states 0, 1, 2, 3, 16, and 17
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2)

a) The modified high-level state diagram is as follows : b) The datapath modification for the new
instruction is as follows :

The new instruction takes seven

clock periods since we trace states :

PC—(0 M

0,1,2, 3,16, 17 and 18 Iy L U|ABUS
D 1 MDR_ g2 Zf
LW, SW, INCMAI ,
2 Sad
Csame D ALUSICA
LW, INCMAI control
To MUX6 ALUoutWrite ALUout has a new

3 control signal so that
-

it is not clocked
INCMAI ‘ every clock period.

1 Its value computed
in state 2 is needed

ALUout2 |— g instate 17

States 4 -9 :

(ALUout2<— MDR + 1> Same as before

17 ‘

M[ALUout] -e—— ALUout2 ;
ALUout ¢—— A +4

0

B L'\J/| Rt
_>
18 ALUout2 — |1 ;< MWBUS
(GPR[RS]q— ALUouD—» To state 0 MWBUsSel

Rd—p(1 U
Rs —m=(2
RegDst 2
C) The modified low-level state diagram is as follows :

Same except ALUSrcA =00 ; ALUSrcB =001
0
1

Same except ALUSrcA = 00; ALUSrcB = 011 ; ALUoutWrite =
) LW, SW, INCMM
Same except ALUSrcA =01 ; ALUSrcB = 010 ; ALUoutWrite = 1 AJL

R-format
LW, INCMALI

Control

States 4 - 9 : Same as before except :
State 4 : RegDst = 00
INCMA State 5 : MWBusSel = 0
State 6 : ALUSrcA =01 & ALUSrcB =000 &
ALUoutWrite = 1
State 7 : RegDst = 01
State 8 : ALUSrcA =01 & ALUSrcB = 000

(ALUSrcA =10 ; ALUSIcB = 100 ; ALUop = oo)

0y

(MemWrite =1;lorD=1; MWBusSel =1 ; ALUSrcA =01 ; ALUSrcB =001 ; ALUop = 00>

18 v
(MemtoReg =0 ; RegDst = 10 ; RegWrite = D—» To state 0
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