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Register File

O A Register File is a small, fast memory
structure inside the CPU that stores
temporary data and operands for
instructions.
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O Role in Datapath:

o Supplies operands to the ALU for arithmetic/logic
operations.
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o Stores intermediate results and frequently used
variables.
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o Interfaces with instruction decode stage for data_in \ _ _
register addressing 16 Register File 16 dataout_a

(8 registers, 16-bits
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write_en each)

16 dataout_b
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Register File: Design

O Writing to the register file?

Lero | Lr | [ R | | r |
16 16 16 16
v ¥ v v
readnum 3 > de3;8<jer S \#
wi
data_out
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Register File: Design

Writing to the register file...
When? Write data into the register file on rising edge of clk.

— S S A
16 r16 16 r16
clk .
A 4 A A4

A 4

3 decoder 8
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readnum > "
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Register File: Design

O Writing to the register file...

Q Where? Data to be written into the register supplied on “data_in”
data_in
16 16 16 16 16
A 4 A A 4 4 A 4
rRo | [ R | Rz | L R3] e R7 |
clk . 16 J'_> 16 . 16 r 16 16
\ A 4 N A 4 A 4 A 4
3:8
readnum S > decoder > /
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Register File

Writing to the register file...

How? Enable only one register using decoder and AND gates:

3:8 oD
decoder .
<
writenum ———/— ) =.'-\|,
3 |-
4>—;D—
write
data_in
16 16 16 16 16
A y v v
Soro | LRt | 3L ore | 3L R3O 2L r7 |
16 r 16 16 r 16 16
clk S ® ® ®
\w A4 v v v
3:8
readnum » >
3 decoder 8
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Register File

Writing to the register file:

1. Put the data you want to write on the input bus (data_in)
2. Put the register number on writenum (NOTE: only 3 bits!)

3. When clk goes high, the data is written

3:8 oD
decoder .
<
writenum ———/— ) =.'-\|,
3 |-
4>—;D—
write
data_in
16 16 16 16 16
y v
Soro | LRt | 3L ore | 3L R3O 2L r7 |
16 r 16 16 r 16 16
clk S ® ® ®
~_ v v v
3:8
readnum » >
3 decoder
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Example: Writing 5 into RO

O Writing a value into the register file is clock edge sensitive!

<
3:8 oD
decoder N
3’b000 P
writenumi “_iD
1'hl '
data_in
161d5 16 _>|>16' l n 16v l _>|>16 l
RO R1 R2 R3
K 163 r 16 J_’Lm r 16
c ® ® .
~_ v A 4 h 4
3:8
readnum 3 * decoder >
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Example: Writing 7 into R1

decoder

3’b001

2D
3:8 oD
D)

writenum ‘_ﬁ_J i
1’1 —F |
16'd7 - .

RO | LR
clk f’L“": rls

A
3:8 S
8

readnum »
3 decoder
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Register File: Reading RO

3:8 oD
decoder >

<BR

0—>LJ

writenum ———/—» ) f'_ﬁ,

3
. 0—;D—

write
data_in

16 16
Y A4
r&* IRU b RL | F.L
oIk ! no r 16 7 l 1
y

3:8 .

readnum - - P

3) bOOO 3 decoder
8’ bOOOOOOOl

Reading a value out of register file is
purely combinational — no clock!
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Why only 8 Registers?

O Smaller is faster
O Reason: delay increases with length of wires

O (Generally, all others things being equal, prefer computers to be faster.)

O For arithmetic instructions in the Simple RISC Machine ISA all “operands” must be in the register file.

O Other ISAs do not make same choice (x86, MIPS, ARM32, ARM64, etc.).
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Datapath Example w/ Registers

The variablesf, g, h, i, and j are assigned to the registers r0, rl, r2, r3, and r4, respectively. What is the
compiled ARM code for the following C?

=(g+h) - ({1 +3);

Solution:

ADD R5,R1,R2 // register R5 contains g + h
ADD R6,R3,R4 // register R6 contains i + j
SUB RO,R5,R6 // R4 gets R5 - R6,

// which is (g + h) - (1 + j)
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RISKing Datapath: Overview

- S
2 =)
Ke) -
<
~—_ ot ot ot
b ho 16 Y V VY I\ 3
atapath_in —>»—0 waddr raddr raddr2
data_in 1\6 - rdata2 o \4
\ Z|wdata .
i 16 rf_wen RegF”e alu Out16 datapath_out
sXimm8 ———>—1 =—>wen 8x16 bit rdatat >ALU oad »D Q— >
oad_y,
clk RO-R7 o 3 °
0 —~———3ypiclk A
rSt—) rst - O
5 4 status_out
g s’(a’(us\\D Q —>

asel
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RISKing Datapath: Overview

Control Signals

Qo To] o
S IS oy o
£ £ 3 3
7 & <
\ w4t ot ot 3
16
. Y Y Y N
Datapath_in ——>—0 waddr raddr1 raddr2
data_in 1\6 > oat rdata2 o \4
\ wdata ) .
16 ra— RegFile b_shifted alu_out 8 datapath_out
SXimm8 ————>1 =20 >lwen 816 bit rdatat 6 >ALU >D Q>
RO-R7 out_.a | - load yylen 16
Clk clk Y 71 o
0 > A
rst " 16
—>|rst 16'b0 -
= — O tat 4 status_out
3 status, |y —
8 load Sylen 4
(7))
©
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RISKing Datapath: Overview

16
Datapath_in

™D 1 M1 M 4

=

Y VY Y

16
sximma8

vsel

Multiplexers: Purely
Combinational Logic
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A Y
Z|wdata

clk

rst

wen

waddr raddri raddr2

rdata2
RegFile
8x16 bit rdatat
RO-R7

shift_op

2

out b 1\6 - E
| '@
(%]
16
out a

4
status,

load Sy

en

datapath_out

16
status_out
—
A >
4
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RISKing Datapath: Overview

Q. To) o
OI £ o) (@]
S £ 3 =
> & <
\ ™ ) ™
16 3
Datapath_in ——>»—0 waddr raddr raddr2
data_in 1\6 > \dat rdata2 o \4
v »|wdata ) -
16 rf_wen RegFIIe b_shifted alu out 4 datapath_out
sximm8 ——>»—1 =——>»wen 8x16 bit rdatat 16 >A|—U I_ q D Q —
oa
olk RO-R7 out_a \ > 1\p ad_Vylen 16
0 ———»ck A
rst " 16
— 3 rst 16'b0 -
5 —> © 4 status_out
9 status, —y,
> »D Q e
Ioad_s) en 4

asel

ALU and shifter: You have
already designed this in the
earlier task. You should directly
make an instantiation in this
task.
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RISKing Datapath: Overview

©
a
T~ o4+ ot ot
16
. Y Y Y o
Datapath_in ——>»—0 waddr raddr1 raddr2
data_in 1\6 > oat rdata2 o
P|wdata ]
16 £ wen RegFile
sximm8 ——>»— XN _5\wen 8x16 bit rdatat
rSt—) rst -
©
g
©
2]
©
Register with

enable function
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ALUOp

w

16
alu_out
—

load Yy len

4
status

load s) en

datapath_out
D —

16

status _gut

\ »

4
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From C to Assembly

O Machine cannot read C code directly, obviously.

, a = 0x24;
O Therefore, C code must compile to Assembly b = 13-
language first. = 0x13;
c =a+ b; // c should be 0x37
d =c

O Each instruction takes between 1 and 4 cycles to
execute: Each cycle, certain control signals are

. . Compile
asserted to perform the required operations P

MOVI R3,#24 // register R3 contains 24
MOVI R5,#13 // register R5 contains 13
ADD R2,R5,R3 // R2 gets 24 + 13 = 37

MOV R7,R3 // register R7 contains 24

O Which control signals are asserted depends on which
instruction is being executed. A decoder and state
machine drives the signals at the right time. You'll

design that part in Lab Task 3.
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RISKing Machine Datapath

Q. n o
S IS D o
E=S £ 8 2
s & <
™ [sp) [sp]
o1
Datapath_in P N 8
waddr raddr1 raddr2
i dat rdata2 _ o
ata . .
1 f wen RegF”e b_shifted alu o t16 datapgth_out
sximm8 . =20 >lwen  8x16 bit rdatat s ALU ”I— ‘; >D Q—
olk RO-R7 out_a \ . Oa_J) en 16
S ik o A
rst | 16
= »|rst 16'b0 -
2.4 ) © status4 statug_out
\\D Q A
l - load _Sylen 4
[2]
©

MOVI R3,#24 // register R3 contains 24

: : Suppose we want to load the
MOVI R5,#13 // register R5 contains 13 tual val “34” into Register 3
ADD R2,R5,R3 // R2 gets 24 + 13 = 37 actual value INto hegister 3.

MOV R7,R3 / register R7 contains 24 We can do this in one cycle!
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RISKing Machine Datapath

shift_op

sximm5
bsel

ALUOp

[s2] (e2] [s2]

w

Datapath_in ki

> waddr raddr1 raddr2
dat rdata2 o
wdata . -
. 16 RegFile b_shifted alu out16 datapgth_out
sximm8 wen 8x16 bit rdatat 16 ALU = >»D Q A
RO-R7 out_a | . / IO@J} en 16
N o
clk 6 A
} rst 16'b0 - o
4 statug_out
status, iy q >

load sa en 4

asel

MOVI R3,#24 // register R3 contains 24 | Syppose we want to load the

MOVI R5,#13 // register R5 contains 13 uqon .
actual value “13” into Register 5.

ADD R2,R5,R3 // R2 gets 24 + 13 = 37 - g

MOV R7,R3 / register R7 contains 24 | We can do thisin one cycle!
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RISKing Machine Datapath

5

16 ™ [sp) [sp]
Datapath_in -
>0 waddr raddr1 raddr2
data_in 1\6 - rdata2 7
v Zlwdata R File
16 egri 16 datapgth_out
sximm8 > MWen ol en 8x16 bit rdatat uout )y Q—
RO-R7 load en 16
ok ylok i
st 3l
4 statug_out
status\;D Q >
IOM)en 4
)

MOVI R3,#24 // register R3 contains 24
MOVI R5,#13 // register R5 contains 13
ADD R2,R5,R3 // R2 gets 24 + 13 = 37 Cycle 1: raddr1=5, raddr2=3,
MOV R7,R3 // register R7 contains 24 loady =1, loads=1.
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RISKing Machine Datapath

Datapath_in ki

T e |

data_in

rf wen

sximm8

Y

vsel

C'k—) clk
st st

™

™ [s2]

=P|wdata

wen

waddr raddr1 raddr2

RegFile
8x16 bit rdatat ]
RO-R7 out a

rdata2

Q
o
El
c
2]

sximm5b

b_shifted

)
Y o

bsel

) 16
16'b0
—>

ALUOp

w

16 datapdth_out
A\LU alu_out ! S

asel

‘D
load Y5 len 16
O
stat s4 statug_out
u \}D Q Ay >
ad_Sylen 4
D

MOVI R5,#13

MOV R7,R3

MOVI R3,#24 //

ADD R2,R5,R3 //

register R3 contains
register R5 contains
R2 gets 24 + 13 = 37
register R7 contains

24
13

24

Cycle 1: raddr1=5, raddr2=3,

loady = 1, loads=1.

Cycle 2: waddr=2, rf_wen=1

loady = 0, loads=0, vsel=0. Result write into R2.
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RISKing Machine Datapath

16 ol ol o
Datapath_in o
P waddr raddr1 raddr2
datain "% | sotead
16 N Zlwdata RegF“e 2 Z :
| 1 6 datapdth_out
sximm8 > rf_wen wen 8X16 bit rdatat alu_out'® . :
clk RO-R7 - ) p
L 3lck .
rSt _)FS'( %
status‘:\D a Stat\u 5_gut
load a'en 4
!
MOVI R3,#24 // register R3 contains 24 Cycle 1: raddr1=3, asel =1, bsel=0, ALUop=000
J U ey Result is R3+0 = R3. loady=1, loads=1

ADD R2,R5,R3 // R2 gets 24 + 13 = 37
MOV R7,R3 // register R7 contains 24
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RISKing Machine Datapath

-

[ep) ™ [s2]
Datapath_in b ol Z/Cf
waddr raddr1 raddr2
data_in 16 st rdata2
a .
16 - wen “ RegFile
sximm8 >—1 ) -—e§wen 8x16 bit rdatat
clk RO-R7
—piclk
st ylet
E
>

N
I ©
= £
c = 8
[7] (]
o
b_shifted
16
out_a | N
3 > o
| 16
16'b0 -
—\

asel

ALUOp

w

datapdth_out
rD \
/ Ioad _Eylen 16
A b
O
4 X
statu s\\ b Stat\u >_o;ut
Wﬂlé>en 4

MOVI R3,#24 //
MOVI R5,#13 //
ADD R2,R5,R3 //
MOV R7,R3 //

R2 gets 24 + 13

register R3 contains
register R5 contains

register R7 contains

24
13
= 37

24
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Cycle 1: raddr1=3, asel =

Result is R3+0 = R3. loady=1, loads=1
Cycle 2: vsel=0, rf_wen=1, waddr=7

Result is write back to R7

1, bsel=0, ALUop=000




Task 2: Top structure

O InTask 2, you are going to write the datapath.

O In this lab, we provided a demo project on FPGA so you can try the datapath yourself.

imm_data regfile_ctrl dp_ctrl
» Q SignExt5) » D
en en en
Gonex)
8| |8 = 8
£ £ 8 3
@ & <
™ ) ™ o 1o
. r Ny
Datapath/in ¥ N Y V VY ) 4 >| = 8
> waddr raddr1 raddr2 _
datain| 16 watn rdataz|out b 18 [ & % | o v
P|we . s )
16 RegFile % | b_shifted 16 ot
; N rf_wen X alufout '° | ppath_oy 7displ
sximmg >—1 wen 816 bit rdatat 16 ALU I Q T seg7display

ok RO-R7 out a ad yylen 16

——pick A

rst

= |rst 16016

3 I 9 datus? statup_out
> D Q]
Ipad_s. n 4
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Task 2: Top structure

O InTask 2, you are going to write the datapath.
O In this lab, we provided a demo project on FPGA so you can try the datapath yourself.

%

imm_data

regfile_ctrl

>
P

Y
P>

=en

-

( -

\

Datapath/ i

sximm8

;

) o ®
A 4 Y Y

P|wdata

waddr raddr1 raddr2
rdata2

RegFile

wen 8x16 bit rdatat

» RO-R7

rst

sximm5

16

2]

>
_shifted

ALUOp

_opt

seg7display
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