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In this part

Stage-by-stage development of a single-cycle
datapath able to execute many Thumb
Instructions.

* We won't have pipelined fetch and decode -
so the clock speed will be limited.

* We won't implement the control needed for
multi-cycle instructions like push and pop.

* And no interrupts, either.
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In this lecture

Stage-by-stage development of a datapath design:
* Fetching and decoding
* Arithmetic between registers

* Immediate operands

 Load and store instructions
* Shifts
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The complete datapath
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Stage 1: Instruction fetch
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Stage 1: Instruction fetch

Never-ending stream of
addresses: 0, 2,4, 6, ...
-

~ Fetch each instruction
from memory
PC — ‘ .
nexipe pe / Decode it into
. control signals
_,.k Imem po——n Decode
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Stage 1: Instruction fetch
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Stage 2: ALU operations
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adds (Rx),(Ry),(Rz)

15141312110 9 8 7 6 5 4 3 2 1 0

O O Of1T 1(0{0 Rz Ry RX
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Stage 2: ALU operations
[ Read two registers)
/

=z PRSI I AN, IR oo

ra)
d ra ALU result
egFile | ™ by,
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with an operation

Write the result to
another register

Tcﬁegw,,te [ Combine the values

adds (Rx),(Ry),(Rz)

151413121110 9 8 7 6 5 4 3 2 1 0
O O Of1T 1(0{0 Rz Ry RX
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Reg-to-reqg operations

adds (Rx),(Ry),(Rz)

151413121110 9 8 7 6 5 4 3 2 1 0
O O Oj1T 11010 Rz Ry RX

subs (Rx),(Ry),(Rz)

151413121110 9 8 7 6 5 4 3 2 1 0
O O Of1T 1T]011 Rz Ry RX

ands (Rx),(Ry)

1514 13121110 9 8 7 6
O1 00O0O0|00O00®O0 Ry RX
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Stage 2: ALU operations
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Stage 3: Immediate operands
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adds (Rx),(Ry),#{(imm3)
15141312110 9 8 7 6 5 4 3 2 1 O
O O OI1T 1T|1]0] imm3 Ry RX
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Stage 3: Immedlate operands
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RegFile
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Second ALU input A
can come from an
instruction field y

adds (Rx),(Ry),#{(imm3)

151413121110 9 8 7 6 5 4 3 2 1 0
O O OI1T 1T|1]0] imm3 Ry RX
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Operations with immediate field

adds (Rx),(Ry),#{imm3)

151413121110 9 8 7 6 5 4 3 2 1 0
O O O|1T 1T]T]10] imm3 Ry RX
adds (Rw),#{(imm8)
151413121110 9 8 7 6 5 4 3 2 1 0
O 0 1|1 O Rw imma8

movs (Rw),#{imm8&)
151413121110 9 8 7 6 5 4 3 2 1 0
O 01100 Rw iImms$§
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Control signals

Instruction cRand2 | cAluOp | cRegWrite
adds r RegB Add T
adds 13 Imm3 Add T
adds 18 Imm8 Add T
subs r RegB Sub T
subs 13 Imm3 Sub T
subs 18 Imm8 Sub T
ands r RegB And T
movs r RegB Mov T
movs 18 Imm8 Mov T
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Stage 3: Immediate operands

o A IR ) IR o S
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Stage 4: Data memory

ARSI I P o EREE P s o o PRSI I AN, IR oo
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ldr (Rx},[(Ry},(RZ)]
15 14 13121110 9 8 7 6 5 4 3 2 1 O
O1T O1f1T 0O Rz Ry RX
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Stage 4: Data memory

)
o § result
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Address is used toJ Data from memory]
y

[ becomes the result
ALU calculates access data memor
[ an address

ldr {(Rx),[(Ry),{RZ)]

151413121110 9 8 7 6 5 4 3 2 1 0
O1T O1f1T 0O Rz Ry RX
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[.oad and store instructions

dr (Rx),[(Ry),(Rz)]

151413121110 9 8 7 6 5 4 3 2 1 0

O1 011 OO Rz Ry RX
str (Rx},[(Ry),(Rz)]

151413121110 9 8 7 6 5 4 3 2 1 0

O1 0110 00O Rz Ry RX

Instruction cRand2 | cAluOp | cMemRd | cMemWr | cRegWrite
adds r RegB Add F F T
movs 18 Imm8 Mov F F T
ldr r RegB Add T F T
str r RegB Add F T F
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Stage 4: Data memory
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Stage 5: Barrel shifter
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instr

Isls (Rx),(Ry),#{(imm5)

151413121110 9 8 7 6 5 4 3 2 1 0
O 00(O0OO imm5 Ry RX
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Stage 5: Barrel shifter
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Isls (Rx),(Ry),#{(imm5)

151413121110 9 8 7 6 5 4 3 2 1 0
O 00(O0OO imm5 Ry RX
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Shifts and immediate load/stores

Isls (Rx),(Ry),#{(imm5)

151413121110 9 8 7 6 5 4 3 2 1 0
O 0 0[O0OO imm5 Ry RX

rors (Rx),(Ry)

151413121110 9 8 7 6 5 4 3 2 1 0
O10O0O0O0|]OT1T 11 Ry RX

ldr (Rx),[(Ry),#{imm5)]

151413121110 9 8 7 6 5 4 3 2 1 0
O 1T 1T]0]1 immb5 Ry Rx

str (Rx),[{Ry),#{(imm5)]

151413121110 9 8 7 6 5 4 3 2 1 0
O1T 1(0]0 imm5 Ry RX
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Updated control signals

Instruction | cRand2 | cShiftOp | cShiftAmt | cAluOp | cMemRd/Wr | cRegWrite
adds r RegB Lsl She Add F/F T
movs 18 Imm8 Lsl She Mov F/F T
ldr r RegB Lsl She Add T/F T
str r RegB Lsl She Add F/T F
lsls 15 RegB Lsl ShImm Mov F/F T
rors r RegB Ror ShReg Mov F/F T
ldr 15 Imm5 Lsl Sh2 Add T/F T
str 15 Imm5 Lsl Sh2 Add F/T F

£4) UNIVERSITY OF Department of Michael Spivey

=X 0) GO PW ~\\PUTER SCIENCE 24



The story so far
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