BuILDING A COMPUTER
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THE ARM? I5A

R type:

| type:
D type:
X type:

B type:

Five key instruction Formats:

I/G/2.017

4 3 4 1 4 4 5 21 4
Cond 000 | Opcode | S Rn Rd Shift (L]0 Rm
4 3 4 1 4 4 4 8
Cond 001 Opcode | S Rn Rd Shift Imm

4 3 5 4 4 12
Cond 010 | AddrMode Rn Rd Imm12

4 3 5 4 4 5 21 4
Cond 011 | AddrMode Rn Rd Shift [ -1 0| Rm

4 3 1 24
Cond 101 | L Imm24

0) ALU with two register operands

1) ALU with a register and an immediate operand
2) Load/store with an immediate offset

3) Load/Store with a register offFset

5) Branch
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R-TYPE DATA PROCESSING
ALU instructions with reaic;Jrer oPerar\ds |

Rd - register File write address = PC
Rh, Rm - register source operands
. . . Instruction
shift or Rs - Optiohal shift of Rm Memory
_ , _ 2 T
LA - direction and type ofF shif+ RATTOETE —
o) g 7 apor ©
- - Cond[31:28 H . WD |
S-bit - controls upclaJre ofF Psk 0010 - SUB A :F’éfles?i vgéF],WE Register flleC <
0011 - RSB pcode[24: DA DB D
0100 - ADD Shift[11:7]
Func decoding From ALU lecture  J%-A0c| | %7
0111 'RSC L [opcoder24:211 () \rovasrrar AI\_l/J o
. . 1000-T T . Func Sub/Rsb
Register write back controlled 1001-TEQ| [ oo N
1010 - CMP )
' 1011 - CMN =
by WEKF |OaIC 1100 - ORR S[20] >
@ 1101-Mov| Y o
l I I 1110 - BIC
WERF. 1111'MV_N, 4 3 4 1 4 4 5 21 4

0

Ju
i Rm‘

“ Rtype:‘ Cond ‘ 000 |Opcode|S| Rn I Rd ‘Shift
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WERF LoasIC

Not every instruction updates a z
destination register C—{
N

CMP, CMN, TST, TEQ don't v

uPdaJre any register

2 G
N
v %55
Conditional execution is 7
“1 ”_|—_O

controlled by the WERF logic.
WERF is set only i the condition,
os determined by the PSR f—laas, is
met. Otherwise it is zero and the
register is not updated.
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I-TYPE DATA PROCESSING

ALU instructions with a register and an
immediate operand
t P r ~ PC
Rd - register File write address
] Instruction
Rn - register source oper'and Memory
ImMm8 - 8-bit immediate oPerar\cl = freliiy
RN[19:16]
Shift - Optional rotate — 1 RS
Rd[15:12] WA 4-port
Cond[ig:f] :WERF] . Register file wo [«
Add‘; a muXx +O +|'18 B IHPU+ O'(: +he Al_u Opcode[24:23] | ¢ DA DB DC
Shift{11:7]
- 8‘bi+ Immedla-‘-e Value Ig I[:1]m[7:0] »
zero-extended 2.4-bits D | 4@"7
Opcode[24:21] (T} \Rot/Asr/Rgt Al\_{J °
And a mux to the shift inPu+ ofF the ALU S ooy w
- LsB of shift is set to dways be ‘0" | -
Y PS¢R
4 3 4 1 4 4 4 8
Itype:| Cond ‘ 001 ‘Opcode‘s| Rn | Rd ‘Shiﬁ| Imm
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DATA TRANSFER T
L_oad/Store instructions using a base Instruction
Memory
register and an immediate oflset e
i
Rd - register file write address RAT971] ]

- | Rd[15:12] ?VARA 4_?-_)Bort "
Rn bacse reﬂ|‘3+er Cond[igim v )L Register file wole
Immi2 - 8-bit immediate oPer'anal Opcodef2423)"| ¢ | |_oa 2 ¢ | Sipata

Shift[11:7]
[4]

24 x0' Shift[11:8] “0’]

. JImm[11:0] Imm[7:0]
Adds another mux to the ALUs B input E— 4;97
- 12-bit immediate value is : =

l,, \(

Dtype
zero-extended 20-bits opeode ; A

LAe:5] | Fore SubrRsb
—___/ N,Z,C,V R Tﬁvpe7/0__1\
M M (i ()
Al bits of shift are set +o 'O - ! Y}
EN
Ly Ttype ¢
4 3 5 4 4 12 Y e O— PSR |
Dtype:| Cond | 010 | AddrMode | Rn Rd Imm12 StData |0 A e
4 3 5 4 4 5 21 4 e . Data
- G}ED Memory
X type: | Cond 011 AddrMode Rn Rd Shift ;0‘ Rm
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WERF MoblFicaTIONS

Few small mods to the
WERF loaic.

We need to also alow for 2
conditional Load and Store C{
instructions. This requires a N_gg

7

0

4 includes lar'inﬂina out a
"'Cond" signal that con be

used to qualiﬁy Store instructions.

We also generate WERF iff the
instruction is a LOAD and the

condition is valid.

I/G/2.017

o

=)

Cond

C
zd 1o
N 10
vj 11
12
Z 13
T

ComP 41 - Fall 2017

I27
|26
j WERF

I



BrANCH INSTRVCTIONS

IF condition is true then add 24-bit
"c;ign-eerended“ immediote value to the

current PC.

IF the 'link" bit is set, then we heed to

write PC+4 into RI4. This is accomplicslned
with muxes on the register File's WA and

WD inputs.

]

~

PC
I

SSSSSS:Imm([23:0]:00

]

B type:

24

Cond

101

Imm24

I/G/2.017

Addr

Instruction
Memory

Data
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32 ¥
Rd[15:12]

@

Rs[11:8]

Rm[3:0]

RN[19:16]

Btype,
“14” p P> RA RB RC
Rd[15:12] . v 4-port

Cond[31:28]

PSR —]
[Opcode[24:23]

Shift{11:7]

WERF
dec DA

Register file wo
WE

DB _DC

Cond

[4]

JImm[11:0]

2
|2
lZ
|2
|2
lZ

H:: Itype

Imm[7:0]
24 x 07 Shift[11:8] “0"]
Itype, Itype
20 x 07 x“0"
..

5
Dtype Diype Dtype
o s g Y
pcode B Shit
[24:21] Rot/Asr/Rgt Al\_{J
i Func Sub/Rsb
LA[6:5] dec Math
NZCV R T/ \
} AA
S[20] >
EN
l, v
Y oD—Twee PSR
| Addr
s Data
I @_.)Wr
Memory




FluaL WERF MODIFICATION

=)

Cond

N
~

Finally allow for conditional 2
upola+ec3 of the the link r'eaic5+er' C—Sg
(R14) via the WERF logic. “ﬂg
v_|_—og
9

This third type ofF

2] s
N
WERF merely decodes VjDQ_BEEE
A branch instruction with Z 13
. TR 1—|__O
it's 'L" bit set.

We're aeH’ma closer to a workina

ARM7 processor. #—
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]

LEFTOVERS

Lastly, we need to implement the 'BX"

instruction, which, iF you recal, was used
to braonch using a register’'s contents as
a target oddress. 1+ was adlso our goto

instruction for returning From Functions.

The Rn Field Gpeci—(:iec; that target
register, and it heeds to be routed to a
mux so that it is an option For Ioadir\ﬂ the

PC.

4 3 21 4
Rtype:’ Cond | 000 ‘ 1 0010 1111 1111 1111 0601 ‘ Rn l
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ltype
124 )
123 BXinst
@

Ttype

=D Memory

~ PC SSSSSS:Imm[23:01:00
I
Y Y Y ¥
Addr \ ~dd 7 \+4
Instruction ! |
BX
Memory s s
Data o
32 ¥ 1
Rd[15:12]
Rs[11:8]
Rm[3:0]
RA[19:16] l Tope
Btype, ¢
“q4r__p B RA RB RC Bype
Rd[15:12] . v 4-port
CondS128_ " vere )|, REQiSteT file wo !
PSR —] dec
(Opcode[24:23] o DA DB DC StrData
Shift[11:7] —>BXreg
[4]
JImm[11:0] Imm[7:0]
| 24 x 0" Shift[11:8] “0"]
Iz%D__“ype I(ype‘@ Itype
|25
|2 20 x 07 x“0"
I2 Ditype, Dtype,
5 Dtype L 7
Opcode B Shit
[24:21] Rot/Asr/Rgt Al\_{J
i Func Sub/Rsb
LA[6:5] dec Math
\ N,Z,C,V R TWP97/0__1\
!} AA
>
S[20] >
! v
Y o —Tvre PSR |
| Addr
[




WHAT MISSING?

Instruction Type 31 E 29|28 || 27 || 26 E 24 || 23 EE 20|/ 19||18 EE 15| 14 EEEEE 8||7|[6 E 4113|2 E 0 Notes
Data Processing (reg3) Cond 000 OpCode S Rn Rd Shift LA |0 Rm
| Data Processing (regs) || Cond | ooo || opcode | s RN [l Rd [l Rs lofl ta J2ff rm |
The following use the reg4 format with b7 =1and b4 =1
e e E—8 £ £ e ————H [
+_Mm 1 PR || PR |[ " || o [ ] o 1l .- I|_||_||T|IUH*IIUIJTIJLIJ 1 ]
Il || | I | I | Il | el | II Il I%l:!%: :]I :} H :JI :: :
l i 1 i I — | | — 1 : I||_||_||_||_||_||_||_|| I 1 |
T i i | I | I o | | | | |
woRoH —Sons e . r—— et
B REHETR: Sone == = :: = el z e
e — — ———F R -
——— I | Em— e R e ————1 e j
The following reinterpet the TST, TEQ, CMP, and CMN instructions when S = 0
Branch and Exchange (BX) Cond 000 140 TZ o1} 1 ZZT"TIEZZE 1{lo}jjo E 1 Rn reg4, Rn instead of Rm
MRS om SN MW O O
pro p— . P P ™ Pu PN P N PN P P P P Y
e e S S S S S S S S S EESSSSCoIIC
| |
| DataProcessing (imm) | Cond | oo1 || opcose | s Rn [l Rd [ rowe | Imm I |
SR={rmrHeres) ][ e I[ | PO | P | | P P | PO | P | | | PO | P | i T [ ][
G il Il ks Il il Bl B bR BN B B B R B N S N S e Il |l
Data Transfer (imm offset) " Cond " 010 ” P " U |..| L " Rn ” Rd ” Immediate offset "
Data Transfer (reg offset) || Cond l o112 | Pllu |..| Ll RN [l Rd [l Shift fl La foff rm |
- . — — | A - I g
| | |l Il
Branch Cond 01 L offset



NEXT TIME

° C’reH'ina kick-started
e External changes in the Plow ofF execution
e Performance measures
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