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LRI - Monday (80 mins)
Wect - Friday (20 mins)
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THE ARM? I5A

R type:

| type:
D type:
X type:

B type:

Five key instruction Formats:

1/9/2.018

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
o | = s
LA - direction and type of shift SMEAD) ]
o on| [ e,
. - Cond[31:28 egistertilie e
S‘bﬂ' - controls UPda+8 O‘C‘ PSK 0010 - SUB [pSRl_> WERF lj, w9 N
0011 - RSB (Opcode[24:23] oL DA DB _DC
0100 - ADD Shift[11:7]
Func decoding From ALU lecture  J%-A0c| I %7
0111-RSC Opcode(2421] () "\ RovasriRt AI\_l/J o
i i 1000 - TST [ : Func SublRsb
Register write back controlled 1001-TEQ| [ e [Ny
1010 - CMP — )
: 1011 - CMN >
by WEKF |Oa|C 1100 - ORR S[20] -~
.~ 1101 - MOV Y ol
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 DEC LOGIC 1]

4 _L—O?\
Not every instruction uPda+89 a C Cond
destination register N5
v
8
9

I27
'%j _ WERF
CMP, CMN, TST, TEQ don'+

]
dat ot e o ey
update ahy register v DQ_BEE e
Y4
"

Conditional execution is ]“y\/
controlled by the WERF logic. Ll
WERF is set or\ly I—p the COHdi+iOﬂ, l,,-l,¢ |cond l,,-l, | cond
as determined lay the PSR ?Iags, is 0000 |eq 0001 |ne
. o 0010 |cs 0011 |cc
met. Otherwise it is zero and the T
mi 0101 |pl
r'eaied'er' is hot uPch'ed. 0110 |vs 0111 |vc
1000 | hi 1001 |Is
1010 |ge 1011 |1t
1100 gt 1101 |le
1110 | al 1111 |nv
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I-TYPE DATA PROCESSING

ALU instructions with a register aond an
immediote operand
t P v ~ PC
Rd - register File write address
] Instruction
Rn - register source oper'and Memory
ImMm8 - 8-bit immediate oper'ar\cl = freliiy
RA[19:16]
Shift - Optional rotate — 1 RS
Rd[15:12] WA 4-port
C°”d[f:8i81 were |, RREgister file [«
Adds a mux to the B input of the ALU Opcodsipaza | = | lwe__ _
Shift[11:7]
- 8‘bi+ Immedla-‘-e VO\UB Ig I[:1]m[7:0] »
zero-extended 24-bits D | 4@"7
Opcode[24:21] (T} \Rot/Asr/Rgt Al\_{J °
And a mux to the shift inPu+ of the ALU R ey ®
- LsSB ok shikt is set to always be 0" |sw = B
Y PS¢R
4 3 4 1 4 4 4 8
Itype:l Cond ] 001 IOpcode|S| Rn | Rd |Shift| Imm
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DATA TRANSFER e
L_oad/Store instructions using a base '”Ggﬁgsn
register and an immediate offset e
Rd[15:12]
RA[E0]
Rd - register file write address RAT971] ]
P> RA RB RC
- base registe Rol1512 w _ A-port
Rn se 69+ r COnd[?S:is] o)L Register file |«
Immi2 - 8-bit immediate operond opeocepiz| [ Joe o,
Shift{11:7]
|[4] 1:0] Tmm{7:0]
Adds another mux to the ALUs B input e e ol |[
|z5
- 12-bit immediate value is e o A,y
. 5 Y
zero-extended 20-bits Opeods —
LAe:5] | Fore QubrRsb ALU
\ ) N,Z,CV R T‘vpe7/0__1\
Al bits of shift are set to ‘0" - [
S[|20] _D_EN ¢
4 3 5 4 4 12 Y TP PSR |
D type: | Cond 010 | AddrMode Rn Rd Imm12 stData [ Addr o
Data
4 3 5 4 4 5 21 4 : i
Xtype:| Cond | 011 | AddrMode | Rn Rd | shift [L[0] Rm Al Memory
1/9/2.018 Comp 4l - Fall 20186



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.

1/9/2.018

o

Cond

C
zd 1o
N 10
vj 11
12
Z 13
T
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¥ —
BRANCH TNSTRUCTIONS = 7— 1 | :

Addr . Add +4
IF condition is true then add 2.4-bit '”Gg;‘g:;“ I \_I_/
'sign-extended’ immediate value to the %"?:‘:ﬂi

Rd[15:12]

current PC. Rl |
e

) . i . u:‘j:"e 3 P> RA RB RC Biype
IE the 'link" bit is set, then we heed to hasia D T bt !
. . o ' o e e egister file

write PC+4 into RI4. This is accomphcslned Opcode(24:23] - 22 ¢ | gpma

Shift[11:7]
Wl'H'\ muxes on the Feai9+er‘ —Pile's WA al’ld |I[:1]m[11:0] Tm[7-0]

|2 24 x 0" Shift[11:8] “0"]
WD inputs. =" 49’7

:z Dtype otype u pr:

openi Y y ¥

[24:21] Rot/Ast/Rgt vV

LAGS] | gor s ALU

N,Z,C.V R T‘YP97/0__1\
|} AA
S[20] C%—EN
Ly Ttype ¢
4 3 24 Y L—D—"" PSR )

| Addr

B type:| Cond | 101 Imm24 L —Bvpe S22 5loa, Data, ,
ype on mm o - Data
Coéﬁ:}—) ' Memory
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FluaL WERF MODIFICATION

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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]

Lsm VER’ ~ PC SSSSSS:Imm([23:0]:00 iﬂ\i
I
Y v Vv v ‘
A \ Add / \+4 ] S——
Lastly, we need to implement the 'BX' '”Ggr‘ﬁ:;“ ' -
instruction, which, i+ you recal, was used—— e D
Rd[15:12]
to branch using a register’'s contents as o |
Rn[19:16] Ttype,
a target address. It was dlso our goto .j'j{f%: P e
Rd[15:12] o WA 4-port
instruction for returning from fFunctions. St vre || REGister file WD
Opcode[24:23) | 98¢ L_oa DB DC ‘Data
Shift[11:7] _)BXregS >
The Rn Feld specities that target e e L ] A
register, and it needs ‘o be routed to a D 4% L
mux so that it is an oPJrior\ For Ioadir\ﬂ the O:isd Diype v T
pcode \/ B Shit
) [24:21] Rot/Ast/Rgt
PC. (BUT THEY I_lE.m Rn is r‘ea“y Km) LAe:5] | Fore N ALU
N,Z,C,V R T‘YP97/0__1\
AA
S[20] C&D_EN
¥ DT ik )
:z% >__Btype S% Data,, her Data,,
4 3 21 4 & m ’ Data
R type:’ Cond | 000 ‘ 1 0010 1111 1111 1111 6001 ‘ RN | wf%;%%}jxm:nda B Memory
1O
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WHAT MISSING?

Instruction Type 31||30((29||28|[27||26|[25||24|[23||22|/21)|[20 |/ 19|[18 | 17 |[16 | 15]) 14| 13|12 12 |j10|(9|[8||7 (/6| 5| 4|32 1| 0 Notes
Data Processing (reg3) Cond 00 OpCode ? Rn Rd Shift LA |0 Rm
Data Processing (reg4) Cond 00 OpCode 8 Rn Rd Rs Off LA |2 Rm
The following use the reg4 format with b7 =1and b4 =1
My Sora o S R i - RerereeRrreresrerreT
e ——— — - P P PN I T N
=ERHETR Sorer =5 = = = T
ESRSE Sore == ; S RIS R et === OO O L
=BRG: —Gone Sl = L] = == E=r5 . =
DR EER =R Sore =0 EEESS aieaTe R == = = e
EERSEaY Sore == ; S T T e - T I =
eBRG ) Sond =5 T =it R : == : |5 5l FRree :
The following reinterpet the TST, TEQ, CMP, and CMN instructions when S = 0
Branch and Exchange (BX) Cond 00 1JO0O 101111111111 1J1JOQJOQNOQ1 Rn reg4, Rn instead of Rm
RS Sore == =S T | e e A B B T SO O= OO reyS
MER=(rog-flage) Sond =5 SRR e e e T T
Data Processing (imm) Cond 01 OpCode S Rn Rd Rotate Imm
SRSy —Cona = e PR [ e [ e o e e e Reotate
Data Transfer (imm offset) Cond 10 PllU]|l BI|W T Rn Rd Immediate offset
Data Transfer (reg offset) Cond : T | PllU|l|BI|[WI| L Rn Rd Shift LA |0 Rm
SreeranoTer —— o e Gl Registervector
Branch Cond 0% L offset
woosr - ' v e



NEXT TIME

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