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MIN execution unit block diagram

Rules of operation

\ IRE IRF
]
11
Internal A Bus
| DO
<« AO PC T2 RO ''R1 | ... ! Rn T k ALU | | K
. ' 1 <« DI
lmTrnal BlBus

External Address External Data

Bus (EAB) Bus (EDB)

ALU Arithmetic and Logic DO Data Out buffer K Constant generator
Unit IRF Instruction Register for Fetch PC Program Counter

AO  Address Out buffer IRE ‘Instruction Register for RO-Rn  Programmer’s registers

DI Data Input register Execution T1, T2 Temporary registers

Example Rules of Operation

1. A transfer from source to bus to destination 4. When the ALU is a destination, T1 is automati-
takes one state time. cally loaded from the ALU output.

2. A source can drive up to three destination loads. 5. A transfer to AO activates the on-chip external

3. Inputs to the ALU are from the A (internal) bus bus controller.

and either K (values 0, +1, —1) or the B
(internal) bus.
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L_evel 2 flowcharts

Housekeeping tasks merged with the operation
tasks to form level 2 flowcharts.
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L_evel 2 flowcharts

Example 1: ADD RX AR RY

R—>R ADD

rk > a — alu
ry >b — alu

edb — irf .

pc —> a— ao, alu
t1 > b —>ry

+1 — alu

irf — ire
t1 > b —>pc
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L_evel 2 flowcharts

Example 2: ADD RX AR (RY)

R—>M ADD

edb — irf

pc — a — ao, alu

+1 — alu

edb — di .

ry > b — ao,t2
t1 > a —pc

di >b —alu

rx. > a — alu

irf > ire Register T2 saves the operand
t1 - a “>do address in the registerto memory
2 5 b -Sao Operation
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Feedback on Execution Unit Design

Example 1: ADD RX AR RY

R—>R ADD

rk > a — alu
ry >b — alu

edb _s irf L] Less than full use of the A
and B buses in the resulting
sequence would signal the
need to improve the
execution unit.

pc —> a— ao, alu
t1 > b —>ry

+1 — alu

irf — ire
t1 > b —>pc
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Feedback on Execution Unit Design

Example 1: ADD RX AR RY
R—>R ADD
rx > a — alu
ry > b — alu
edb — irf L ADD sequence for an
pc > b — ao execution unit 1n  which
tl > a —>ry Output transferred to only
+1 > alu one location
pc > b — alu
+1 > alu Additional One Cycle Is
s ire required.
t1 > b »>pc
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Feedback on Controller Design

Should we create level 1 flowcharts for the entire instruction set ?

Example 1;: ADD RX AR RY First Word
. oP | RX MODE RY
R—R ADD/SUB/AND/OR operation < Fis second  Second
Code Operand Operand Operand
x—>a —al Reg Address Reg
ry >b — alu Mode
edb — irf . Second Word

We write only one sequence for each instruction,
Independently of which registers are specified.

pc —> a — ao, alu

t1 > b —>ry

+1 > alu We need only decode the op code and the mode
irf — ire bits in the effective address field
tl > b —pc The simple MIN CPU has k operations (ADD,AND,OR,

SUB.and SO on) and a address modes (Register Indirect,
Base Plus Displacement Indexed and so on) . If any
address mode is valid for any operation.| would need

k* a instruction sequences.
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ALU Design

addsub32
a[31:0] . rﬂ—= 2
b[31:0] o
aluc|2 ,
aluc[3:0] | 2] ; > r[31:0]
aluc[3:0]
Jaluc[2] T %000 ADD
x100 SUB
x001 AND
| aluc[2] x101 OR
x010 XOR
x110 LUI
alucf2]
Ia|uc[3] 0011 SLL
0111 SRL
aluc[1:0] 1111 SRA
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Feedback on Controller Design

The combination of an address mode sequence and an execution sequence forms a
control word sequence. If an instruction (such as a register-to-register ADD) does not

need an address mode sequence, then the execution sequence and the control word
sequence are the same.
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Address Mode Sequences

Register Indirect Example 2: ADD RX AR (RY)
edb — di
ry > b — ao,t2
4/2/2022 11

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Address Mode Sequences

Base Plus Displacement

edb — di .

pc > a — ao,alu
+1 — alu

Example : ADD" RX AR (RY+5H)

tl1 >a— ao

di > b— alu

ry > a— alu

edb — di i

t1 >b— ao, t2
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Branch Instruction

Z: Zero Flag
JZ (RY)

edb — irf
ry >a — alu,ao
+1 — alu

Z = 0 (no branch)

1 Z =1 (branch) v

irf — ire edb —irf .

t1 > b — pc pc > a — alu,ao
+1 — alu

irf — ire
t1 > b — pc
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Branch Instruction

Z: Zero Flag
JZ (RY)
edb —irf
pc > a — alu,ao
+1 — alu
Z = 0 (no branch)
l, Z =1 (branch) v
edb — irf irff > ire
ry > a — alu,ao t1 > b — pc
+1 — alu
irf > ire
t1 > b — pc
41212022 14
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Rules for Doing Level 1 Flowcharts

1. At the beginning of instruction execution, IRE is assumed to.contain the current
instruction. It must be loaded by the previous instruction. Each instruction's control
word sequence will, therefore, have to fetch the next instruction and load it
into IRE.

2. Instruction execution begins with the address mode sequence (if the instruction
has one) and implicitly branches to the appropriate execution sequence for
completion.

3. The execution sequences for register-to-register instructions cannot be shared
with execution sequences for memory reference instructions.

4. The execution sequences ‘for standard dual operand instructions (ADD, AND,
SUB, and so on) are identical except for the(implied) ALU function . They can use a
common execution sequence if the op code directly specifies the ALU operation
(the same way register fields select the registers ).
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Execution Sequences for Register-to-Register

ELECTRICAL

ELECTRONICS

LOAD
ry—a—alu, rx edb—irt
0—alu pc—a—alu, ao
+1—alu
irf —+ire
tl—+a—pc
ADD
rx—a—alu edb—irf ‘
ry—=b—alu pc—a—alu, ao
+1—alu
t1—a—ry irf —ire 1“
t1—=a—pc
4/2/2022

COMMUNICATION

STORE
rx—a—alu, ry edb —irf u
0—alu pc—a—alu, ao
+1—alu
irf—ire
t1—=a—pc
SUB
rx —a-—+alu edb —irf -
ry —=b-—alu pc—a—alu, ao
+1~—alu
. 1
t1—a—ry irf—ire
t1—a—pc
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Execution Sequences with a Memory Operand Reference

ADD AND
F- L
di—#b—alu edb—irf n di—~b—alu edb—irf b
rx—a—alu pc—a—alu, ao rx—a—alu pc—a—alu, ao
+1—alu +1—alu
t1—a—do ‘ irf-+ire t1—a—do | irf—ire
t2—b—ao t1—b—pc t2—b—ao t1—=b—pc
SUB
r
di—#b—alu edb —irf b
rx —a—alu pc—a—alu, ao
+1—alu
L
t1—a—do irf—ire
t2—b—ao t1—-b—pc
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Execution Sequences with a Memory Operand Reference

LOAD
edb — irf .
di—>b —rx t2 pc > a — alu,ao
+1 — alu
t2 >a— alu irff > ire
0— alu t1> b— pc
STORE
rx—a — alu,do . edb — irf . Register T2 saves the
' operand address in the
t2—->b —al pc > a — alu,ao registerto memory Operation
0 — alu +1 — alu
irff > ire
t1> b— pc
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Execution Sequences for Special Instructions

POP PUSH
) | | ) | T N
edb—di edb —irf ry —a-—alu edb —irf
ry —+a—alu, ao pc—a—alu, ao —1—alu pc—a—alu, ao
+1—alu +1—alu ~1—alu
| 1 s 1 I r_ = . I L - |
di—=b—rx irf—ire rx —~+a—do irf—ire
tl—a—ry t1—a—pc tl—~b—ao, ry tl—a—pc
' |
g
1
e
o 3
«$ =
\°’\/> Last In - First Out
Push . Pop
XOOOH ’ Data Blement Data Element
Data Element Data Element
Data Element Data Element
Data Element Data Element
XFFFH l ‘ Data Element Data Element
Stack Stack
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Thankyou

4/2/2022 20

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



