2. Single-Cycle Processor Microarchitecture

Adding LW Instruction

Lw

20 19 151412 11 76 0
1w rd, imm(rsl) imm [ xs1 Joio] ra [ oooooit
R[rd] « M[ R[rs1] + sext(imm) ]

PC—PC+4

. op2 wb dmem
inst sel sel val
addi imm alu
add rf alu
mul mul
1w

¢ To control unit

111:7)

E
+> wb_sel
pe_plusé foas] | regfile e regfile
J (read) R = (write)
[24:20]
+4
> imm >
pC [31:7) gen T
op2_sel
imem_ imem_ dmem_ dmem_
addr rdata addr rdata
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2. Single-Cycle Processor Microarchitecture

Adding SW Instruction

SW

31 25 24 20 19 15 14 12 11 76 0
sw rs2, imm(rsl) imm | rs2 | rs1 [010] imm | 0100011 |
M[ R[rsl] + sext(imm) ]<_R[r52] imm = { inst[31:25], inst[11:7] }
PC—PC+4

. imm op2 wb rf dmem dmem
inst type sel sel wen val type
addi I imm alu 1

add rf alu 1

mul mul 1

1w

sW

¢ To control unit

[11:7]

rf_wen

> wb_sel l

3
=
119:15] *| regfile 5 regfile
|ﬂ;’ J | (read) R = (write)
[24:20]
+4

pe_plus4
> imm >
1317]
pec gen T
imm_type T op2_sel
imem_ imem_ dmem_ dmem_ dmem_
addr rdata wdata addr rdata
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2. Single-Cycle Processor Microarchitecture

Adding JAL Instruction

]AL 31 12 11 76 0
jal rd, imm imm [ za T mommn |
R[rd] «PC+4 imm = { inst[31], inst[19:12],

inst[20], inst[30:21], O
PC « PC + sext(imm) tnst[20], instl ! !

. pc imm op2 wb rf dmem dmem
inst sel type sel sel wen val type
addi  pc+4 I imm alu 1
add pc+4 rf alu 1
mul pc+4 mul 1
1w
swW
jal
¢ To control unit
111:7)
ial E rf_wen
jalbr_targ > wh_sel |
pc_plusd foas] | regfile > regfile
g k= gt
— (read) LN < (write)
+4 J /
—>imm >
imm_type T + op2_sel
imem_ imem_ dmem_ dmem_ dmem_
addr rdata wdata addr rdata
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2. Single-Cycle Processor Microarchitecture

Adding JR Instruction

]R 31 20 19 15 14 12 11 7 6 0
jr rsl 000000000000 | rs1 [ooo] ooooo | 1100111
PC « R[rsl]
. pc imm op2 wb rf dmem dmem
inst sel type sel sel wen val type
addi  pc+4 I imm alu 1
add pc+4 rf alu 1
mul pc+4 mul 1
1w
sw
jal
jr
To control unit
jr_targ T11:7]
jalb F—E‘ rf_wen
Jalbr_targ > wb_sel l
pe_plusd fons] | regfile |5 regfile
(read) > < (write)
[24:20] I—> [ >
+4
— > imm > J
131.7)
e gen] L f
imm_type T + op2_sel
imem_ imem_ dmem_ dmem_ dmem_
addr rdata wdata | addr}] |rdata
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2. Single-Cycle Processor Microarchitecture

Adding BNE Instruction

BNE

31 25 24 20 19 15 14 12 11 7 6 0
bne rsl, rs2, imm [ imm ] xs2 | rs1 [001] imm | 1100011
if (R[rs1]!=R[rs2]) PC « PC + sext(imm) t[30 §5?n5t[3t%illg?t[g]i
else PC—PC+4 ins e '
. pc imm op2 alu wb rf dmem dmem
inst sel type sel func sel wen val type
addi  pc+4 I imm add alu 1
add pc+4 rf add alu 1
mul pc+4 mul 1
1w
sw
jal
jr
bne
To control unit
jr_targ [11:7]
=]
jalbr_targ F E rf_wen
> ec wb_sel l
pe_plusd foas] | regfile |5 regfile
— (read) > < (write)
i 1 /
+4 - J ‘ T
»limm > alu_func
[317]
oo P gen] L f
imm l\'}wT + op2_sel
imem_ imem_ dmem_ dmem_ dmem_
addr rdata wdata | addr} |rdata
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3. Analyzing Performance

Add a New Auto-Incrementing Load Instruction

LW.AI

31

20 19

15 14 12 11 76 0

lw.ai rd, imm(rsl) |

imm [ rs1 Jooo] ra T ooo1011
R[rd] « M[ R[rs1] + sext(imm) ]
R[rsl] « R[rsl] +4
PC—PC+4
. pc imm op2 alu wb rf dmem dmem
inst sel type sel func sel wen val type
lw.ai
+ To control unit
jr_targ [11:7] k
jalbrﬁtarg FE rf_wen
S eq wb_sel I i
pe_plusd foas] | regfile > 5 regfile
(read) LN = (write)
—>
[24:20] —>] / >
+4 T
—>imm > alu_func
e R EC N i
imm_type T + op2_sel
imem_ imem_ dmem_ dmem_ dmem_
addr rdata wdata | addr| |rdata
3. Analyzing Performance
Time  Instructions Cycles Time
Program Program Instruction ~ Cycles

¢ Instructions / program depends on source code, compiler, ISA
¢ Cycles / instruction (CPI) depends on ISA, microarchitecture
¢ Time / cycle depends upon microarchitecture and implementation
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3. Analyzing Performance

Estimating minimum T¢ (i.e., clock period, cycle time, or time/cycle)

To control unit

[11:7]

jr_targ R
‘_5‘ N
jalbr_targ '} g . . rf l\\
pe_plusd f19:15] Eegﬁ;:lﬁ '97 (regﬁle)
rea N ® write
LD—’ +4 124:20) ]—» T /_’
o o G 1;31’181'1’[11 L > T alu_func
imm_type T + op2_sel
imeml imem_ dmem_ dmem_ dmem_
addr rdata wdata | addr| |rdata
tpd
32-bit 2-to-1 Mux 4t
32-bit 4-to-1 Mux 8t
32-bit Adder 60T
32-bit ALU 64t
32-bit Multiplier 100t
32-bit +4 Unit 30t
ImmGen Unit 121
32-bit Reg (tcq) 9t
Register File Read 25T
Memory Read 120t
32-bit Reg (tsetup) 10T
Register File (tsetup) 20T
Memory (tsetup) 1201
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3. Analyzing Performance

Estimating execution time (i.e., time/program)

How long in units of T will it take to execute the vector-vector add
program assuming n is 64?

Pseudo-Code

1 for i in range(n):
2 dest[i]l = srcO[i]l + srci[il

Assembly Code

1 # addr(dest[i]):x1, addr(srcO[i]):x2
2> # addr(srci[il]):x3, n:x4
3 loop:

s 1w x5, 0(x1)

5 1w x6, 0(x2)

6 add x7, x5, x6

7 SW x7, 0(x3)

s addi x1, x1, 4

v addi x2, x2, 4

o addi x3, x3, 4

n  addi x4, x4, -1

12 bne x4, x0, loop
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3. Analyzing Performance

0

1

2 3 4 5 6 7 8 9 10 11 12 13

1w x5,

0(x1)

1w x6,

0(x2)

add x7,

x5, x6

swW X7,

0(x3)

addi x1,

addi x2,

addi x3,

addi x4,

bne x4,

1w x5,

1w x6,

add x7,

swW X7,
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3. Analyzing Performance

Analyzing impact of adding a new auto-incrementing load instruction

Step 0. Rewrite vector-vector add loop using 1w.ai
Step 1. Estimate new instructions/program
Step 2. Estimate new cycles/instruction

Step 3. Estimate new time/cycle

Step 4. Estimate new time/program

Step 5. Estimate new total area

Pseudo-Code

1 for i in range(n):
dest[i]

2

Assembly Code

1

2

3

# addr(dest[i]):x1, addr(srcO[i]):x2

srcO[i] + srcil[i]

# addr(srci[il):x3, n:x4

loop:
1w
1w
add
swW
addi
addi
addi
addi
bne

x5,
x6,
X7,
X7,
x1,
X2,
x3,
x4,
x4,

0(x1)

0(x2)
x5, x6

0(x3)

x1, 4
x2, 4

x3, 4

x4, -1
x0, loop
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