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Building a Computer

1

Two labs next week
- Monday (80 mins)
- Friday (120 mins)

2nd Midterm a week 
from next Monday 11/12. 
Will cover up to this 
lecture.
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The ARM7 ISA

2

000 Opcode S RnCond Rd Shift RmR type:

4             3            4          1         4               4              5      2  1         4
L
A

0

001 Opcode S RnCond Rd ImmShiftI type:

4             3            4          1         4               4              4               8

010 RnCond Rd Imm12D type:

4             3                5                 4               4                          12

AddrMode

011 RnCond RdX type:

4             3                5                 4               4             5      2   1         4

AddrMode Shift RmL
A

0

101 LCond Imm24B  type:

4             3        1                                              24

Five key instruction formats: 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 offset
5) Branch
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R-type Data Processing

ALU instructions with register operands

Rd - register file write address
Rn, Rm - register source operands
Shift or Rs - Optional shift of Rm

LA - direction and type of shift

S-bit - controls update of PSR

Func decoding from ALU lecture

Register write back controlled 
by WERF logic

3

0000 - AND
0001 - EOR
0010 - SUB
0011 - RSB
0100 - ADD
0101 - ADC
0110 - SBC
0111 - RSC
1000 - TST
1001 - TEQ
1010 - CMP
1011 - CMN
1100 - ORR
1101 - MOV
1110 - BIC
1111 - MVN

PC

+4

Instruction
Memory

Addr

Data
32

4-port 
Register file

        RA             RB              RC

  WA 
                                                  WD
  WE
        DA                       DB     DC

ALU

Rd[15:12]

Rn[19:16]
Rm[3:0]
Rs[11:8]

EN

          A                                    B     Shft
Rot/Asr/Rgt
    Sub/Rsb
        Math
             N,Z,C,V       R

Func
dec

Shift[11:7]

Opcode[24:21]

LA[6:5]

WERF
dec

Cond[31:28]
PSR

PSR

    0      1[4]

Opcode[24:23]

WERF!

Cond

S[20] Cond
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WERF dec logic

Not every instruction updates a 
destination register

CMP, CMN, TST, TEQ don’t 
update any register

Conditional execution is 
controlled by the WERF logic. 
WERF is set only if the condition, 
as determined by the PSR flags, is 
met. Otherwise it is zero and the 
register is not updated. 

4

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

I24
I23

I31- I28

Z

C

N

V

“1”

C
Z

Z

N
V

WERF

I27
I26

Cond

I31-I28 cond I31-I28 cond

0000 eq 0001 ne

0010 cs 0011 cc

0100 mi 0101 pl

0110 vs 0111 vc

1000 hi 1001 ls

1010 ge 1011 lt

1100 gt 1101 le

1110 al 1111 nv
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I-type Data Processing

ALU instructions with a register and an 
immediate operand

Rd - register file write address
Rn - register source operand
Imm8 - 8-bit immediate operand
Shift - Optional rotate

Adds a mux to the B input of the ALU
    - 8-bit immediate value is
      zero-extended 24-bits

And a mux to the shift input of the ALU
    - LSB of shift is set to always be “0” 

5

PC

+4

Instruction
Memory

Addr

Data
32

4-port 
Register file

        RA             RB              RC

  WA 
                                                      
WD
  WE
        DA                       DB     DC

ALU

Rd[15:12]

Rn[19:16]
Rm[3:0]
Rs[11:8]

EN

          A                           B              Shft
Rot/Asr/Rgt
    Sub/Rsb
        Math
             N,Z,C,V       R

Func
dec

Shift[11:7]

Opcode[24:21]

LA[6:5]

WERF
dec

Cond[31:28]
PSR

PSR

    0      1[4]

Opcode[24:23]

    1          0

Imm[7:0]
    24 x “0”

I27
I26
I25

Itype Itype     1      0Itype

Shift[11:8]  “0”

S[20] Cond

Cond
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Data Transfer

Load/Store instructions using a base 
register and an immediate offset

Rd - register file write address
Rn - base register
Imm12 - 8-bit immediate operand

Adds another mux to the ALU’s B input
     - 12-bit immediate value is
       zero-extended 20-bits

All bits of shift are set to “0” 

6

PC

+4

Instruction
Memory

Addr

Data
32

4-port 
Register file

        RA             RB              RC
  
  WA
                                                      
WD
  WE
        DA                       DB     DC

ALU

Rd[15:12]

Rn[19:16]
Rm[3:0]
Rs[11:8]

EN

          A                           B              Shft
Rot/Asr/Rgt
    Sub/Rsb
        Math
             N,Z,C,V       R

Func
dec

Shift[11:7]

Opcode
[24:21]

LA[6:5]

WERF
dec

Cond[31:28]
PSR

PSR

    0      1[4]

Opcode[24:23]

    1          0

Imm[11:0]
    24 x “0”

I27
I26
I25

Itype Itype     1      0Itype

Shift[11:8]  “0”

I27
I26
I25

Dtype

Data
Memory

    1          0Dtype

    20 x “0”

Imm[7:0]

    1      0Dtype

    5 x “0”

                        Addr
 Datain                                    Dataout

 Wr

    0          1
Ttype

Rd[15:12]

    0          1Ttype

StrData

StrData

I27
I26

Ttype

Ttype

Cond
I20

S[20] Cond

Cond
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WERF Modifications

We need to also allow for 
conditional Load and Store 
instructions. This requires a 
few small mods to the 
WERF logic. 

It includes bringing out a 
“Cond” signal that can be 
used to qualify Store instructions.

We also generate WERF if the 
instruction is a LOAD and the 
condition is valid.

7

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

I24
I23

I31- I28

Z

C

N

V

“1”

C
Z

Z

N
V

WERF

I27
I26

Cond

I27
I26
I20
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Branch Instructions

If condition is true then add 24-bit 
“sign-extended” immediate value to the 
current PC.

If the “link” bit is set, then we need to 
write PC+4 into R14. This is accomplished 
with muxes on the register file’s WA and 
WD inputs.

8

PC

+4
Instruction
Memory

Addr

Data
32

4-port 
Register file

        RA             RB              RC
  WA

                                                  WD
  WE
        DA                       DB     DC

ALU

Rd[15:12]

Rn[19:16]
Rm[3:0]
Rs[11:8]

EN

          A                           B              Shft
Rot/Asr/Rgt
    Sub/Rsb
        Math
             N,Z,C,V       R

Func
dec

Shift[11:7]

Opcode
[24:21]

LA[6:5]

WERF
dec

Cond[31:28]
PSR

PSR

    0      1[4]

Opcode[24:23]

    1          0

Imm[11:0]
    24 x “0”

I27
I26
I25

Itype Itype     1      0Itype

Shift[11:8]  “0”

I27
I26
I25

Dtype

Data
Memory

    1          0Dtype

    20 x “0”

Imm[7:0]

    1      0Dtype

    5 x “0”

                        Addr
 Datain                                    Dataout

 Wr

    0          1
Ttype

Rd[15:12]

    0          1Ttype

StrData

StrData

I27
I26

Ttype

Ttype

Cond
I20

Cond

1

0

“14”

I27
I26
I25

Btype

Btype

Add

    1          0

1

0

Btype

Btype
Cond

SSSSSS:Imm[23:0]:00

S[20] Cond
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Final WERF Modification

Finally allow for conditional 
updates of the the link register 
(R14) via the WERF logic. 

This third type of
WERF merely decodes
A branch instruction with
it’s “L” bit set.

We’re getting closer to a working 
ARM7 processor.

9

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

I24
I23

I31- I28

Z

C

N

V

“1”

C
Z

Z

N
V

WERF

I27
I26

Cond

I27
I26
I20

I27
I26
I25
I24
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Leftovers

Lastly, we need to implement the “BX” 
instruction, which, if you recall, was used 
to branch using a register’s contents as 
a target address. It was also our goto 
instruction for returning from functions.

The Rn field specifies that target 
register, and it needs to be routed to a 
mux so that it is an option for loading the 
PC. (BUT THEY LIE!!! Rn is really Rm)

10

PC

+4
Instruction
Memory

Addr

Data
32

4-port 
Register file

        RA             RB              RC
  WA

                                                  WD
  WE
        DA                       DB     DC

ALU

Rd[15:12]

Rn[19:16]
Rm[3:0]
Rs[11:8]

EN

          A                           B              Shft
Rot/Asr/Rgt
    Sub/Rsb
        Math
             N,Z,C,V       R

Func
dec

Shift[11:7]

Opcode
[24:21]

LA[6:5]

WERF
dec

Cond[31:28]
PSR

PSR

    0      1[4]

Opcode[24:23]

    1          0

Imm[11:0]
    24 x “0”

I27
I26
I25

Itype Itype     1      0Itype

Shift[11:8]  “0”

I27
I26
I25 Dtype

Data
Memory

    1          0Dtype

    20 x “0”

Imm[7:0]

    1      0Dtype

    5 x “0”

                        Addr
 Datain                                    Dataout

 Wr

    0          1
Ttype

Rd[15:12]

    0          1Ttype

StrData

StrData

I27
I26

Ttype

Ttype

Cond
I20

Cond

1

0

“14”

I27
I26
I25

Btype

Btype

Add

    1          0

1

0

Btype

Btype
Cond

SSSSSS:Imm[23:0]:00

BXreg

Cond
    0                

1

BXinst

BXreg

BXinst
Itype

I24
I23
I20
I4

S[20] Cond
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What’ missing?

11
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Next time

● Getting kick-started
● External changes in the flow of execution
● Performance measures

12


