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RiSC-00.1.v Execution Example

ENEE 446: Digital Computer Design, Fall 2000
Prof. Bruce Jacob

This paper gives the cycle-by-cycle execution account of the an out-of-order implementation of
the 16-bit Ridiculously Simple Computer (RiSC-16), a teaching ISA that is based on the Little
Computer (LC-896) developed by Peter Chen at the University of Michigan.

1. RISC-16 Instruction Set

The RiSC-16 is an 8-register, 16-bit computer. All addresses are shortword-addresses (i.e. address
0 corresponds to the first two bytes of main memory, address 1 corresponds to the second two
bytes of main memory, etc.). Like the MIPS instruction-set architecture, by hardware convention,
register O will always contain the value 0. The machine enforces this: reads to register 0 always
return O, irrespective of what has been written there. The RiSC-16 is very simple, but it is general
enough to solve complex problems. There are three machine-code instruction formats and a total
of 8 instructions. The instruction-set is given in the following table.

Assembly-Code Format Meaning
add regA, regB, regC R[regA] <- R[regB] + R[regC]
addi  regA, regB, immed R[regA] <- R[regB] + immed
nand regA, regB, regC R[regA] <- ~(R[regB] & R[regC])
lui regA, immed R[regA] <- immed & OxffcO
sw regA, regB, immed R[regA] -> Mem[ R[regB] + immed ]
Iw regA, regB, immed R[regA] <- Mem[ R[regB] + immed ]

if (R[regA] == R[regB] ) {
PC <- PC +1 +immed
(if label, PC <- label)

}

PC <- R[regB], R[regA] <- PC + 1

beq regA, regB, immed

jalr regA, regB

PSEUDO-INSTRUCTIONS:

nop

do nothing

halt

stop machine & print state

Mli regA, immed

R[regA] <- R[regA] + (immed & 0x3f)

movi regA, immed

R[regA] <- immed

fill immed

initialized data with value immed

.space immed

zero-filled data array of size immed

The instruction-set is described in more detail (including machine-code formakbgiRiSC-16
Instruction-Set ArchitectureSystem calls, interrupts/exceptions, and the handling of interrupts
and exceptions are described in more detail in the docuRES(E-16 System Architecturéhe
out-of-order architecture is described in the documen®ut-of-Order RiSC-16
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2. Example Operation

The following figures illustrate (in excruciating detail) the movement of instructions, data, and
status information through the pipeline during the execution of a relatively simple piece of code.
This is done to animate the design, hopefully giving a clear picture of what happens in the
machine. The following code example is used:

#
# main loop: loads a number and then a variable number of data items to subtract
# from the first. at end, saves result in “diff” memory location
#
Iw rl, r0, argl
Iw r3, r0, count
loop: Iw r2, r4, arg2
movi  r7, sub
jalr  r7,r7
addi  r3,r3,-1
beq r3, 0, exit
addi  r4,r4,1
beq ro, r0, loop
exit: sw rl, rO, diff
halt
#
# subtract function: operands in r1/r2, return address in r7. result -> r1
#
sub: nand r2,r2,r12
addi r2,r2,1
add rl, rl, r2
jalr r0, r7
#

# data: count is the # of items to subtract from argl (in this case, 1: arg2)

# diff is where the result is placed

#

count: .fill 1

argl: fill 9182

arg2: .fill 737

dift: fill 0
The execution takes 29 cycles and illustrates many of the possible behaviors: ALU operations,
memory operations, BEQ instructions predicted-taken and predicted-not-taken, BEQ instructions
predicted correctly and incorrestly, JALR instructions (which use the branch-miss facility and
behave like a mispredicted BEQ), instruction-enqueue of 0, 1, and 2 instructions, the filling up of

the instruction queue thereby blocking enqueue and fetch, retirement of instructions, etc.

The state of the machine at the start of each cycle is shown in Figures 1-28. Dark lines indicate
movement of data (which is latched at the end of the cycle and is visible in machine state on next
cycle). The top bit of the instruction ID indicates the result bus to watch: memory bus vs. ALU
bus. For instance, a LW enqueued in slot 3 will tag the register file with id 13 rather than 03; this
notifies other instructions not to latch the results of the LW'’s add-immediate operation that simply
generates the target address. Opcode values are prefixed with “a” indicating ALU instructions,
“b” indicating branch operations, or “m” for memory operations. Non-obvious fields of the 1Q
entry (not all are fields; some are just signal@gtid, Done, Out, Branch-taken, Memory-issuable,
Address-generated, Issualfte ALU), Slot-numberandX = kill the instruction The figures start

on cycle 2; during cycle 1 we fetched instructions at pc=0000 and pc=0001 (two LW instructions)
into the two first fetch buffers (A and B) and incremented the program counter by 2.
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PC:
REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID rT EX
INSTRUCTION 0: 0000 1 00 0: 0 xxxx x0 0x 00
MEMORY 1: 0000 1 xx 1: @ xxxx x1 Ox 00
2: 0000 1 xx
BRANCH  FETCH I—r‘ 3:0000 1 xx
BACK: BUFFERS: 4: 0000 1 xx
vPC on FB v INST PC on FB v INST PC 5: 0000 1 Xx
(00012 | ->A:1aft1l 0000 > - C: 0 RXXX XXXX 6: 0000 1 Xx
->B: 1acl0 0001 > -- D: 0 XXXX XXXX 7: 0000 1 xx
INSTRUCTION ” ”

QUEUE:
HTIQVDOBMAISX OP T EX RSLT ARGO ARG1 v sc ARG2 v sc PC

HT 0: OX X X/0 X 010 0 "X 0X XX XXXX|XXXX XXXX X XX XXXX XXX XXX
L L O XXX 0O[X 000 X 0X XX XXKX XKXX XXXX X XX XXXX X XX XXXX
L 2: 0 XXX 0[X 000 X 0XXXXXKX XKXX XXXX| X XX XXXX X XX XXXX
L3O XX X0X 000X 0XXXXXXX XKXX XXXX|X XX XXXX X XX XXXX
L A0 XX X0[X 000X 0X XX XXXX XKXX XXXX|X XX XXXX X XX XXXX
L 50 XXX 0O[X 000 X 0X XXXXKX XKXX XXXX X XX XXXX X XX XXXX
L B0 XX X0X000[X0XXXXXXX XKXX XXXX|X XX XXXX X XX XXXX
L 7O XX X 0X 000X 0X XX XXXX XKXX XXXX|X XX XXXX X XX XXXX
MEMORY ALU-0 ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
0 XXXX XXXX "X XX \ 0 \xxxx x*xx xx>{x X X *x x*xx\ \ \ \ 0 ﬁ(xxx x*xx xx>4x X X *x xﬁxx\ \ \
0 XXXX XXXX "X XX
0><x>1xx xx“xx l ‘ ‘ ‘ ‘
DATA
MEMORY
o
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
l { ‘O*XXXX%O ‘ OM(){XXX‘ ‘ ‘O#xxxx*o ‘ OMO{XXX‘ ‘

VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1

[0 xxx || RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS

MEMORY

RESULT BUS

Figure 1: EXECUTION CYCLE 2

During execution cycle 2, we enqueue the first two instructions into the slots indicated by the tail
pointer (labeled “T” at the side of the instruction queue); this includes reading from the register
file: the register value RVAL, its valid bit V, and its source SC. During this phase, the targets of the
two LW instructions (r1 and r3) are tagged “invalid” and their SC fields directed to the two LW
instructions. Note the top bits of these IDs are “1”, indicating that the final result will come from
the memory bus, not an ALU bus. We also fetch the next two instructions (an LW and a LUl—a
MOVI is replaced by the assembler with a LUI+ADDI pair) into the alternate fetch buffers (C and
D). The program counter is incremented by two.
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PC:
REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID T EX
INSTRUCTION 0: %000 1 DO 0: ¢ 0000 10/01 00
MEMORY 1: 0000 0 10 1: 0 0000 1103 00
2: 0000 1 xx
BRANCH FETCH n—l 3:00000 11
BACK: BUFFERS: 4: 0000 1 xx
v PC on FB v INST PC on FB v INST PC 5: 0000 1 xx
(00004 | --A:0a411 0000 -> C: 1 hal2 0002 I 6:0000 1 Xx
-- B: 0 ac10 0001 ->D: 1 7¢c00 0003 — 7:0000 1 xx
INSTRUCTION ” ”

QUEUE:
HTIQVDOBMAISX OP T EX RSLT ARGO ARG1 v sc ARG2 v sc PC

H.0:10000021/00m5 010000000011 0000 1/00 0000 1 xx 0000
..1:100000110m4 0300 0000 0010 0000 1 00 0000 1 00 0001
T2:0xXX0 X020 “XJOK XX XXXX XXXX XXXX X XX XXXX X XX XXXX
. 3:0xxx0x020 XX XXXX XXXX XXXX|X XX XXXX X XX XXXX
LA O XXX O[X 020 X B XXXXKX XKXX XXXX X XX XXXX X XX XXXX
.5:0xxx0x020 XW XX XXXX XXXX XXXX| X XX XXXX X XX XXXX
.6:0xxx0x020 x# XX XXXX XXXX XXXX| X XX XXXX X XX XXXX
L 7:0xxx0x020 x# XX XXXX XXXX XXXX| X XX XXXX X XX XXXX
|
MEMORY ALU-0 ‘ ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
0 XXXX XXXX "X XX ‘ 0 P<xxx x*xx xxﬁx X X *x x*xx‘ ‘ ‘ ‘ 0 ‘xxxx x*xx xxﬁx "X X *x x*xx‘ ‘ ‘
0 XXXX XXXX "X XX
0 x>ixx XX “x xl ‘ ‘ ‘ ‘
DATA
MEMORY
o
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
l { ‘O*XXXX%O ‘ OM(){XXX‘ ‘ ‘O#xxxx*o ‘ OMO{XXX‘ ‘

VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1

(00000 x| RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS

MEMORY

RESULT BUS

Figure 2: EXECUTION CYCLE 3

During cycle 3, the first two instructions issue address-generate operations to the ALUs; we
enqueue the second two instructions; and we fetch the third pair of instructions: an ADDI and a
JALR. The program counter is incremented by two. During the enqueue phase, the targets of the
two instructions (LW ->r2, LUl -> r7) are set appropriately: the SC field for r2 will become “11”
and the SC field for r7 will become “03”, indicating that LUI's result will be on an ALU bus. Note
that thev/src fields in each of the two issuing LW instructions will become invalid and refer to the
LW instruction itself. This allows the Tomasulo-style logic to be used to forward the results of an
address-generation back into the memory instruction’s 1Q entry.
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PC:

REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID 1T EX
INSTRUCTION 0: %000 1 PO 0: 9 0000 10/01 60
MEMORY 1: 0000 0 10 1: 0 0000 1103 00
2: (0000 0 12
BRANCH FETCH I—n 3:00000 11
BACK: BUFFERS: 4: 0000 1 xx
v PC on FB v INST PC on FB v INST PC 5: 0000 1 xx
(00006 | ->A:13f8c 0004 .~ --C:04al2 0002 6: 0000 1 xx
-> B: 1 ff80 0005 — -~ D: 0 7c00 0003 7: 0000 0 03
INSTRUCTION ” ”
QUEUE:

HTIQVDOBMAISX OPIT EXRSLT ARGO ARG1 v sc ARG2 v sc PC

H.0:1010/000/00m501]/00 0000 0011 GOO0 000 0000 1 xx 0400
..1:101000000/m5 0300 00000010 0000 0 01 0000 1 00 0001
..2:1000001 00/m5 02 000000 0012 0000 1 xx 0000 1 xx 0002
[ ..3:100000110a3J07 000000 0000 0000 1 00 0000 1 00 Q003
e T4:0xXX0 X020 XK XX XXXX XXXX[XXXX X XX XXXX X XX XXXX
.50 XX X0[X0 20 "X P XX XXXX XXXX XXXX|X XX XXXX X XX XXXX
L B0 XX X0O[X020 "X P XX XXXX XXXX XXXX|X XX XXXX X XX XXXX
L7 0 XX X0O[X 020 X B XX XXXX XXXX XXXX|X XX XXXX X XX XXXX
MEMORY ALU-0 ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
0 XXXX XXXX X XX (10011 0000 0011 a0 0 00 0000 | [10010 0000 0010 a0 0 01 0001 | \
0 XXXX XXXX "X XX | | | | I
0 XXXX XXXX "X XX ‘ ‘ ‘ ‘
b
DATA
MEMORY
o
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
b (10011000 000012 | (10010010 0610012 |

VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1

(00000 x| RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS

MEMORY

RESULT BUS

Figure 3: EXECUTION CYCLE 4

During cycle 4, the results of the two address-generate operations are placed on the two ALU-
result busses and feed their results to 1Q slots 0 and 1. The second pair of instructions issue to
ALUs: the LW in slot 2 sends an address-generate operation and the LUI in slot 3 sends a LUIL.
The third pair of instructions (ADDI+JALR) is enqueued in slots 4 and 5 and sets register-source
values appropriately: because both target r7, the SC field for r7 becomes the ID of the latter of the
two instructions—that of the JALR, which is enqueued into slot 5.



ENEE 446: Digital Computer Design — RiSC-00.1.v Execution Example

PC:
REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID T EX
INSTRUCTION 0: 0000 1 0O 0: § 0011 10/01 00
MEMORY 1: 000 0 10 1: 0 0010 11/03 00
2: 0000 0 12
BRANCH FETCH r‘—I 3:00000 11
BACK: BUFFERS: 4:0000 1 xx
v PC on FB v INST PC on FB v INST PC 5: D000 1 xx
E -- A: 0 3f8c 0004 -> C: 1 pdff 0006 L~ 6:0000 1 xx
-- B: 0 ff80 0005 -> D: 1 £c02 0007 — 7: 0000 0 05
INSTRUCTION ” ”

QUEUE:
HTIQVDOBMAISX OP T EX RSLT ARGO ARG1 v sc ARG2 v sc PC

H.0:100001000m5 01000011 0011 0011 1/00 0000 1 xx 0000
..1:1000021000m50300 0010 0010 0010 1 01 0000 1 00 0001
..2:101000000m502 00 00000012 0000 0 02 0000 1 xx 0002
[ ..3:101000000a307 000000 0000 0000 1 00 0000 1 00 0003
..4:100000100/a1 07 00 0000 000c 0000 0 03 0000 1 xx 0004
..5:100000010b7]07 00 0000 0000 0000 0 04 0005 1 00 0005
T6:0XX X0 X010 XJOX XX XKXX XXXX XXXX X XX XXXX X XX XXXX
L 7:0xxx0x010 xwxxxxxxxx XX XXXX|X XX XXXX X XX XXXX
|
MEMORY ALU-0 ‘ ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
0 XXXX XXXX "X XX \ 1 p012 qOOO 0q12 a0 p 02\ 0q02 \ \ \ 1 \OOOO qooo OQOO a3 p 03{ Oq03 \ \
0 XXXX XXXX "X XX | | | | | |
0 XXXX XXXX X X ‘ ‘ ‘ ‘
b
DATA
MEMORY
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
by (10012020 00200015 | (10000030 0030004 |

VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1

[0 xXx || RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS

MEMORY

RESULT BUS

Figure 4: EXECUTION CYCLE 5

During cycle 5, the target addresses for the first two LW instructions are compared, and the “M”
bits for each are set appropriately, indicating whether the memory operation can be issued to the
memory queue. The LW/LUI pair is executed and the results placed on the ALU busses (LUI will
be marked “done” in its 1Q entry). The ADDI instruction in IQ slot 4 can issue, even though its
register operand is tagged invalid in the 1Q slot, because its source ID matches that on ALU-1
result bus. There are two IQ slots open; two instructions are enqueued. Two more are fetched
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PC:
REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID rT EX
INSTRUCTION 0: 0000 1 00 0: 9 0011 10/01 00
MEMORY 1: 0000 0 10 1: 0 0010 11/03 00
2: 0000 0 12
BRANCH  FETCH 3:00000 06
BACK: BUFFERS: 4: 0000 1 xx
v PC on FB v INST PC on FB v INST PC 5: 0000 1 xx
-> A: 18201 0008 -- C: 0 2dff 0006 6: 0000 1 xx
->B: 1 £078 0009 -- D: 0 ¢c02 0007 7: 0000 0 05
INSTRUCTION
QUEUE:

HTIQVDOBMAISX OPIT EXRSLT ARGO ARG1 v sc ARG2 v sc PC

HT0:1/00 011 00/0 m501 00 0011 0011]0011 1 00 0000 1 xx 0D0O
..1:10000100]0om5 03 00 0010 0010 0010 1 01 0000 1 00 0001
..2:10000100[0m5 02000012 0012 0012 1 02 0000 1 xx 0002
..3:11/000 10 0[0a3 07 00 0000 0000 0000 1 00 0000 1 00 0003
[ .4:101000[00|0/al 07 00 0000 000c 0000 1 03 0000 1 xx 0004
..5:10000010[0b7 07 00 0000 0000 0000 0 04 0005 1 00 0005
..6:100 0000 1f0 a1]03 00 0000 ffff 0000 0 11 0000 1 05 0006
..7:100 0000 1f0 b6|00 00 0000 0002 0000 1 00 0000 0 06 Q007
MEMORY I ALU-0 ' ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
0 XXXX XXXX "X XX [1000c 0000 000c a0 0 04 0004 | | [00000 0000 0000 &3 0 03 0003 \
0 XXXX XXXX "X XX | | | |
0 XXXX XXXX "X X ‘ ‘ ‘ ‘
'
DATA
MEMORY
o
VRSLTIDEX VvIDPC VRSLTIDEX vIDPC
| i \1¢00cogo ~ 0/04 0011 (00000030 | |[0030004 |

VRSLTID EX ALU-0 ALU-1 ALU-1

m- RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS

MEMORY

RESULT BUS

Figure 5: EXECUTION CYCLE 6

During cycle 6, the LW instruction in ig0 is issued to the memory queue (its M tag is 1). On the
following cycle, we will see this reflected in the memq’s entries. the JALR in ig5 is issued to an
ALU because its register operand is available on ALU-0 result bus. The instruction queue is full
(no entries marked “invalid”), and therefore the enqueue mechanism is stalled. Normally, this
would not stall the fetch mechanism (later cycles will illustrate this) ... normally, another two
instructions would be fetched into the alternate fetch buffers. However, there is a predicted-taken
branch in fetchbuf B (the backwards brarmdyq r0,r0, loop), so the program counter is redirected
during this cycle. Fetch will commence down the predicted path on the following cycle.
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PC:
REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID T EX
INSTRUCTION 0: 6000 1 00 0: 6 0011 10/01 60
MEMORY 1: 000 0 10 1: 0 0010 11/03 00
2: 0000 0 12
BRANCH  FETCH 3:0000 006
BACK: BUFFERS: 4: 0000 1 xx
v PC on FB v INST PC on FB v INST PC 5: D000 1 xx
> A: 13201 0008 -- C: 0 2dff 0006 6: 0000 1 xx
> B: 1 £078 0009 -- D: 0 ¢c02 0007 7: 0000 0 05
INSTRUCTION
QUEUE:

HTIQVDOBMAISX OPIT EXRSLT ARGO ARG1 v sc ARG2 v sc PC

HT0:1/01 001 00/0 m501 00 0011 0011]0011 1 00 0000 1 xx 0D0O
..1:100011000m50300 0010 0010 0010 1 01 0000 1 00 0001
..2:10000100[0m5 02000012 0012 0012 1 02 0000 1 xx 0002
..3:11/000 10 0|0a3 07 00 0000 0000 0000 1 00 0000 1 00 0003
..4:11/000 10 0|0 a1 07 00 000c/000c 0000 1 03 0000/ 1 xx 0004
..5:1010000 0[ob7 07 00 0000 0000 000c 1 04 0005 1 00 0005
..6:1000000 0[1a1 03 0D 0000 ffff 0000 0 11 0000 1 05 0006
..7:1000000 0|1 b6 00 00 0000 0002 0000 1 00 0000 O 06 0007
MEMORY I ALU-0 ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
10011 0000 m5 10 10000 000c 0000 b7 0 05/0005 | | 00000 0000 0000 a3 0 03 0003 \
0 XXXX XXXX "X XX | | | I I |
0 XXXX XXXX "X XX ‘ ‘ ‘ ‘
N
DATA
MEMORY
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
| i 10006050 1 05000¢ \ (00000030 0630004 \

VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1

m- RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS

MEMORY

RESULT BUS

Figure 6: EXECUTION CYCLE 7

During cycle 7, the second LW instruction is issued to the memory queue (note that both were
“ready” on the previous cycle, but we can only issue one per cycle). The “status” of the previous
memory operation is “1” which indicates that it is in mid-request (once the status is “3” the
operation is complete). The JALR issued on the previous cycle is on the ALU-0 result bus, and it
has set the BRANCHMISS valid-bit high, indicating a change in control flow. This stalls both
fetch and enqueue and invalidates the fetchbuf entries. The program counter will be redirected,
using the valid produced by the JALR instruction. Instructions to be stomped on are tagged “1” in
the “X” column: ig6 and iq7; those following the JALR. Those not stomped can still issue (iql).
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PC:
REGISTER COMMIT
FILE: BUSES:
RNRVALvsC  B#VRSLTID T EX
INSTRUCTION 0: 6000 1 00 0: 9 0011 10/01 60
MEMORY 1: 0000 0 10 1: 00010 1103 00
2:0000 0 12
BRANCH  FETCH n—l 3:00000 11
BACK: BUFFERS: 4: 0000 1 xx
vPC on FB v INST PC on FB v INST PC 5: 0000 1 Xx
(00002 | ->A:0B2010008 -- C: 0 2dff 0006 6: 0000 1 xx
-> B: 0 £078 0009 -- D: 0 ¢c02 0007 7: 0000 0 05
INSTRUCTION
QUEUE:

HTIQVDOBMAISX OPIT EXRSLT ARGO ARG1 v sc ARG2 v sc PC

H.0:10100 10[00m5 010000110011 0011 1/00 0000 1 xx 0000
.1:101001000m50300 0010 0010 0010 1 01 0000 1 00 0001
..2:1000211000m5 020000120012 0012 1 02 0000 1 xx 0002
..3:11/000 10 0]o/a3 07 00 0000 0000 0000 1 00 0000 1 00 0003
..4:11/000 10 0|0 a1 07 00 000c/000c 0000 1 03 0000/ 1 xx 0004
..5:11/000 10 0{ob7 07 00 0006 0000 000c 1 04 0005 1 00 0005
.T6:0000000(p0al 0300 POOO ffff 0000 O 11 0000 1 05 0006
..7:0000000 0[0 b6 00 00 0000 0002 0000 1 00 0000 0 06 Q007
MEMORY I ALU-0 ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
20011 0000 m5 10 (00000 000c 0000 b7 0 05 0005 | | [00000 0000 0000 &3 0 03 0003 \
10010 0000 m5 11 I I I I I I
0 XXXX XXXX "X X ‘ ‘ ‘ ‘
'
DATA
MEMORY
VRSLTIDEX VvIDPC VRSLTIDEX vIDPC
l i (00006050  0/05000¢ \ (00000030 0/¢30004 \

VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1

ﬂ- RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS

MEMORY

RESULT BUS

Figure 7: EXECUTION CYCLE 8

At the beginning of cycle 8, we see that the stomped instructions are now marked “invalid” in the
instruction queue, and the tail pointer has been reset appropriately. The fetch buffers have been
marked “invalid.” Several instructions (iq3, ig4, and iq5) are “done” and thus ready to commit, but
are held up by the three LW instructions at the head of the queue. The program counter has been
rest appropriately (it has the value of the branchmiss status from the previous cycle). Most
importantly, the contents of the register file reflect the correct machine state: on the previous cycle
the addi instruction in iq6 targeted r3, which had “06” as its source. Now, register r3 has the
previous source of r3 listed: the LW in igl. During this cycle, another LW is issued to the memory
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PC:
REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID 1T EX
INSTRUCTION 0: 000 1 00 0: 0 0011 10/01 00
MEMORY 1: 000 0 10 1: 0 0010 11/03 00
2: 0000 0 12
BRANCH FETCH I—n 3:00000 11
BACK: BUFFERS: 4:0000 1 xx
v PC on FB v INST PC on FB v INST PC 5: D000 1 xx
E -> A: 1 4902 000c L --C:0 2dff 0006 6: 0000 1 xx
-> B: 1 2901 000d — -~ D: 0¢c02 0007 7: 0000 0 05
INSTRUCTION ” ”

QUEUE:
HTIQVDOBMAISX OP T EX RSLT ARGO ARG1 v sc ARG2 v sc PC

H.0:10100 10[00m5 010000110011 0011 1/00 0000 1 xx 0000
.1:101001000m50300 0010 0010 0010 1 01 0000 1 00 0001
..2:101001000m5 020000120012 0012 1 02 0000 1 xx 0002
..3:11/0001000 a3 07 00 0000 0000 0000 1 00 0000 1 00 0003
..4:11/0001000al07 00000c 000c 0000 1 03 0000/ 1 xx 0004
..5:11/0001000 b7 07 0000060000 000c 1 04 0005 1 00 0005
.T6:0000000[00al 0300 POOO ffff 0000 O 11 0000 1 05 0006
..7:0000000 00 bg 000D 0000 0002 0000 1 00 0000 O 06 0007
MEMORY ALU-0 ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
30011 0000 m5 10 [0 0000 000c 0000 b7 0 05/0005 | | 00000 0000 0000 a3 0 03 0003 \
2 0010 0000 m5 11 I I I I I I
10012 0000 m5 12 ] ] ] ]
N
DATA
MEMORY
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
| i (00006 050  0/05000¢ \ (00000030 0630004 \

VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1

ﬂ- RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS

MEMORY

RESULT BUS

Figure 8: EXECUTION CYCLE 9

gueue. Two instructions are fetched. Very little else happens because most of the enqueued
instructions are done.

During cycle 9, the first of the three LW instructions becomes ready in the memory queue; its
result will be sent on the memory result bus on the following cycle. The two instructions fetched
on the previous cycle (the NAND and ADDI at the top of th& subroutine) are enqueued and
the next two subroutine instructions (ADD and JALR) are fetched. The states of the memory
gueue entries are incremented by one.
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ENEE 446: Digital Computer Design — RiSC-00.1.v Execution Example

PC:
REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID T EX
INSTRUCTION 0: 0000 1 0O 0: ¢ 0011 10/01 00
MEMORY 1: 000 0 10 1: 0 0010 11/03 00
2: 0000 0 07
BRANCH FETCH r‘—I 3:00000 11
BACK: BUFFERS: 4: 0000 1 xx
v PC on FB v INST PC on FB v INST PC 5: D000 1 xx
E -- A: 0 4902 000c -> C: 10482 000e 6: 0000 1 xx
-- B: 0 2901 000d -> D: 1 £380 000 7: 0000 0 05
INSTRUCTION
QUEUE:

HTIQVDOBMAISX OPIT EXRSLT ARGO ARG1 v sc ARG2 v sc PC

HT0:1/01 001 000 m501 00 0011 0011/0011 1 00 0000 1 xx 0DOO
.1:101001000mb50300 0010 0010 0010 1 01 0000 1 00 0001
.2:101001000m5 02000012 0012 0012 1 02 0000 1 xx 0002
..3:11/0001/000a3 07 00 00000000 0000 1 00 0000 1 00 0003
__..4:11/0001000[al 07 00 000c/000c 0000 1 03 0000 1 xx 0004
..5:11/0001000b7 07 000006 0000 000c 1 04 0005 1 00 0005
..6:100000000 a2 02000000 0002 0000 0 12 0000 0 12 000c
..7:100000000 al 02000000 0001 0000 0 06 0000 1 00 000d
MEMORY ALU-0 ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
00011 0000 m5 10 [0 0000 000c 0000 b7 0 05/0005 | | [00000 0000 0000 &3 0 03 0003 \
30010 0000 m5 11 I I I I I I
20012 0000 m5 12 ] ] ] ]
'
DATA
MEMORY
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
| i (00006 050  0/05000¢ \ (00000030 0630004 \

VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1

m- RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS

MEMORY

RESULT BUS

Figure 9: EXECUTION CYCLE 10

During cycle 10, the result of the first LW instruction is seen on the memory result bus. THe result

is latched at the end of the cycle, when the instruction will be tagged “done”. No instructions are
issued to functional units because the two potential instructions are dependent on the LW
instruction in iq2 (its result will become available in two cycles). Because the I1Q is full, enqueue

is stalled. Because there are no predicted-taken branches (i.e. backwards branches) in the fetch
buffers, instruction fetch is not stalled; the two instructions following the subroutine are fetched
(they are actually data, but they will be discarded when the JALR at the end of the subroutine
takes effect).
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ENEE 446: Digital Computer Design — RiSC-00.1.v Execution Example

PC:
REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID T EX
INSTRUCTION 0: %000 1 DO 0: { 23de 10/01 00
MEMORY 1: 0000 0 10 1: 0 0010 11/03 00
2: 0000 0 07
BRANCH  FETCH 3:00000 11 ]
BACK: BUFFERS: 4: 0000 1 xx
v PC on FB v INST PC on FB v INST PC 5: 0000 1 xx
E -- A: 1 0001 0010 -> C: 10482 000e 6: 0000 1 xx
-- B: 1 23de 0011 ->D: 1 380 000 7: (0000 0 05
INSTRUCTION
QUEUE:
HTIQVDOBMAISX OP T EX RSLT ARGO ARG1 v sc ARG2 v sc PC
HT0:1/11 001 0 0]0 M5/01 00 23He 0011]0011 1 00 0000 1 x% 0DOO —
..1:10(1001000m503 000010 0010 0010 1 01 0000 1 00 0001
..2:101001000m5 02000012 0012 0012 1 02 0000 1 xx 0002
..3:11/0001000a3 07 000000 0000 0000 1 00 0000 1 00 0003
__ ..4:11/000100 0al 07 00 000c|000c 0000 1 03 0000 1 xx 0004
.5:11/0001000b707 0000060000 000c 1 04 0005 1 00 0005
.6:100000000a2 020000000002 0000 0 12 0000 0 12 000c
.7:100000000a102 0000000001 0000 0 06 0000 1 00 000d
MEMORY ALU-0 ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
00011 0000 m5 10 [0 0000 000c 0000 b7 0 05/0005 | \ [0/0000 0000 0000 a3 0 03 0003 | \
00010 0000 m5 11 I | | | I I
310012 0000 m5 12 ‘ ‘ ‘ ‘
N
DATA
MEMORY
o
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
l i \ 0 quoe ofs 0 \ q q)s \ooop \ \ 0 pooo qs 0 \ q q)s \000{4 \
VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1
n- RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS
MEMORY
RESULT BUS

Figure 10: EXECUTION CYCLE 11

During cycle 11, the first LW instruction commits its result to the register file. On the following
cycle, its 1Q slot will be tagged as invalid, marking it available for a new instruction. The result for
the second LW instruction is seen on the memory result bus. Instructions in ig6 and iq7 are stalled
waiting on the third LW instruction. Enqueue is stalled waiting for an available IQ entry. Fetch is
stalled waiting for an available fetch buffer.
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ENEE 446: Digital Computer Design — RiSC-00.1.v Execution Example

PC:
REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID T EX
INSTRUCTION 0: %000 1 DO 0: 1 0001 11/03 00
MEMORY 1:23de 1 10 1: 0 0012 12/02 00
2: 0000 0 07
BRANCH  FETCH 3:00000 11 ]
BACK: BUFFERS: 4: 0000 1 xx
v PC on FB v INST PC on FB v INST PC 5: 0000 1 xx
(00010 | -~ A:10001 0010 -> C: 1 D482 000k I 6: 0000 1 xx
-- B: 1 23de 0011 ->D: 1 £380 000 7: (0000 0 05
INSTRUCTION
QUEUE:
HTIQVDOBMAISX OP T EX RSLT ARGO ARG1 v sc ARG2 v sc PC
T0:01100100 0 m>5 01/00/23de 0011 0011 1 00 00CO0 1 xx|0000
H.1:111001000m503/00 0001 0010 0010 1/01 0000 1 00 0001 —
..2:101001000m5 02000012 0012 0012 1 02 0000 1 xx 0002
..3:11/0001000a307 000000 0000 0000 1 00 0000 1 00 0003
__ ..4:11/000100 0al 07 00 000c|000c 0000 1 03 0000 1 xx 0004
.5:11/0001000b707 0000060000 000c 1 04 0005 1 00 0005
.6:100000000a2 020000000002 0000 0 12 0000 0 12 000c
. 7:100000000a102 0000000001 0000 0 06 0000 1 00 000d
MEMORY ALU-0 ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
00011 0000 m5 10 [0 0000 000c 0000 b7 0 05/0005 | \ [0/0000 0000 0000 a3 0 03 0003 | \
00010 0000 m5 11 I I I I I I
0 0012 0000 m5 12 ] ] ] ]
N
DATA
MEMORY
o
VRSLTIDEX VvIDPC VRSLTIDEX vIDPC
l i (00006050 | 005 000¢ \ (00000030 | 0030004 \
VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1
n- RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS
MEMORY
RESULT BUS

Figure 11: EXECUTION CYCLE 12

During cycle 12, the second LW instruction commits. The slot opened up by the LW instruction
(slot ig0) is the enqueue-target for one of the instructions in the fetchbufs (the ADD instruction in
fetchbuf C). The result for the third LW instruction is seen on the memory result bus. This will
enable the waiting instructions to issue to functional units on the following cycle. Fetch is still
stalled because there are no empty fetch buffers.
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ENEE 446: Digital Computer Design — RiSC-00.1.v Execution Example

PC:
REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID T EX
INSTRUCTION 0: %000 1 DO 0: 1 02e1 12/02 00
MEMORY 1: 23de 0 00 1: 1 0000 03/07 00
2: 0000 0 07
BRANCH  FETCH 3:0001111 ]
BACK: BUFFERS: 4: 0000 1 xx
v PC on FB v INST PC on FB v INST PC 5: 0000 1 xx
E -- A: 1 0001 0010 -> C: 0 0482 000e 6: 0000 1 xx
-- B: 1 23de 0011 ->D: 1 e380 000 — 7:0000 0 05
INSTRUCTION
QUEUE:
HTIQVDOBMAISX OP T EX RSLT ARGO ARG1 v sc ARG2 v sc PC
..0:1000000 10/a0 01 00 Gooo/ 0002 23de 1 10 0000 0 07 G00e
T1:011001020m5 03000001 0010 0010 1 01 0000 1 000001
H.2:111001000m5 02|00 02el 0012 0012 1|02 0000 1 xx 0002 —
..3:11/0001000a3 07 000000 0000 0000 1 00 0000 1 00 0003 —
.4:11/0001000/al07 00 000c|000c 0000 1 03 0000/ 1 xx 0004
.5:11/0001000b707 0000060000 000c 1 04 0005 1 00 0005
.6:100000100a2 02000000 0002 02el 1 12 02el 1 12 000c
. 7:1000000 10 a1]02 00 0000 0001 0000 O 06 0000 1 00 000d
MEMORY ALU-0 ' ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
00011 0000 m5 10 [0 0000 000c 0000 b7 0 05/0005 | \ [0/0000 0000 0000 a3 0 03 0003 | \
0 0010 0000 m5 11 I | | | I I
0 0012 0000 m5 12 ‘ ‘ ‘ ‘
N
DATA
MEMORY
o
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
l i \ 0 quoe ofs 0 \ q q)s \ooop \ \ 0 pooo qs 0 \ q q)s \000{4 \
VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1
mn- RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS
MEMORY
RESULT BUS

Figure 12: EXECUTION CYCLE 13

During cycle 13, two instructions commit, opening up two more slots in the instruction queue.
The NAND instruction in iq6 that was waiting on the LW in ig2 issues to a functional unit. The IQ
slot opened up by the LW instruction in ig1l, which committed on the previous cycle, is filled by
the instruction in fetchbuf D: the JALR instruction that marks the end of the subroutine.
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ENEE 446: Digital Computer Design

— RiSC-00.1.v Execution Example

PC:

INSTRUCTION
MEMORY

REGISTER COMMIT

FILE: BUSES:

RN RVAL v sc B# v RSLT ID rT EX
0: 0000 1 00 0: 1 000c 0407 00
1: 23de 0 00 1: 1 0006 05|07 00
2:02e1 007

3:0001111 -~

4: 0000 1 xx

5: D000 1 xx

6: D000 1 xx

7: 0000 0 05

BRANCH FETCH I—n

BACK: BUFFERS:

v PC on FB v INST PC on FB v INST PC

E -> A: 10001 0010 |- --C:0 0482 000¢€
->B: 1 23de 0011 — --D: 0380 000f

INSTRUCTION ”

QUEUE:

HTIQVDOBMAISX OPIT EXRSLT ARGO ARG1 v sc ARG2 v sc PC

f

..0:100000010/a0010

0 0000 0002 23de 1 10 0000 0 07 000e

..1:100000010b7000

0 0000 0000 0000 0 05 000f 1 00 000f

00/02e1 0012 0012 102 0000 1 xx 0002

0
.T2:011001010m502
..3:010001010/a3070

0 0000 0000 0000 1 00 0000 1 00 000

H.4:110001000al07

D0 000¢ 000c 0000 1 03 0000 1 xx 00

..5:11/0001000b7070

0 0006 0000 000c 1 04 0005 1 00 000

..6:101000000/a2020

0 0000 0002 0Zel 1 12 02el1 1 12 000

..7:100000100/a1020

56 01 R[®

0 0000 0001 0000 0 06 0000 1 00 000

MEMORY
QUEUE:
S ADDR DATA OP ID

ALU-0
INPUT REGISTERS:

v ARGO ARG1 ARG2 OP B ID PC

ALU-1
INPUT REGISTERS:
v ARGO ARG1 ARG2 OP B ID PC

00011 0000 m5 10

110002 02e1 02el a2 0 06 000c
| | |

100000 0000 0000 a3 0 03 0003 \
I I I

00010 0000 m5 11
00012 0000 m5 12

b

DATA
MEMORY

|

v RSLT ID EX

o0zeriz0] |

MEMORY
RESULT BUS

! !

VRSLTIDEX vIDPC
[1fdle060 | 0060007 |
ALU-0 ALU-0
RESULT BUS BRANCHMISS

| |

o

VRSLTIDEX vIDPC
100000030 0030004 \
ALU-1 ALU-1
RESULT BUS ~ BRANCHMISS

Figure 13: EXECUTION CYCLE 14

During cycle 14, two more

instructions commit
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ENEE 446: Digital Computer Design

— RiSC-00.1.v Execution Example

PC:

INSTRUCTION
MEMORY

i
i

REGISTER COMMIT

FILE: BUSES:

RN RVAL v sc B# v RSLT ID rT EX
0: 0000 1 00 0: 1 fdle 06 02 00
1: 23de 0 00 1: 0 0000 07|02 00
2:02e1 007

3:0001111 -~

4: 0000 1 xx

5: D000 1 xx

6: D000 1 xx

7: 0006 1 05

BRANCH  FETCH r‘—I

BACK: BUFFERS:

vPC on FB v INST PC on FB v INST PC

(00014 -~ A: 00001 0010 > C: 1p2e1 0012
-- B: 0 23de 0011 -> D: 1 0000 0013

INSTRUCTION ”

QUEUE:

HTIQVDOBMAISX OPIT EXRSLT ARGO ARG1 v sc ARG2 v sc PC

f

.0:100000/1004ad 010D 0000 0002 23de 1 10 0000 0 07 G00e
.1:100000110b7]00 00 0000 0000 0006 1 05 000f 1 00 00Of
..2:1000000 20 a0|¢o 00 0000 0001 0000 1 00 23de 0 00 0010
..3:1000000 20 aildo 00 0000 ffde 0006 1 05 0000 1 00 0011
.T4:010001020a] p7 00 000c 000c 0000 1 03 0000 1 xx 0004
.5:01/000 1020 b7|¢7 00 0006 0000 000c 1 04 0005 1 00 0005
H.6:110001000ap[02 00 fdle 0002 02e1 1 12 02e1 1 12 000c —
.7:101000000 ai|d2 00 0000 0001 fdie 1 06 0000 1 00 000d
L
MEMORY ALU-0 ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
00011 0000 m5 10 (10001 fd1e 0001 a0 0 07 000d | | [00000 0000 0000 a3 0 03 0003 \
00010 0000 m5 11 I I I I
0 0012 0000 m5 12 ] ] ] ]
b
DATA
MEMORY
VRSLTIDEX VIDPC VRSLTIDEX vIDPC
| [1fd1f07/0 [ 007 00Of | \ (00000030 | (030004 |

VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1

[002e1120 | RESULTBUS  BRANCHMISS RESULT BUS  BRANCHMISS

MEMORY

RESULT BUS

Figure 14: EXECUTION CYCLE 15
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ENEE 446: Digital Computer Design

— RiSC-00.1.v Execution Example

PC:

INSTRUCTION
MEMORY

REGISTER COMMIT

FILE: BUSES:

RN RVAL v sc B# v RSLT ID rT EX
0: 0000 1 00 0: 1 fd1f 07 02 OC
1: 23de 0 00 1: 0 0000 00|01 00
2:{d1e 0 07

3:0001111 -~

4: 0000 1 xx

5: D000 1 xx

6: D000 1 xx

7: 0006 1 05

BRANCH FETCH

BACK: BUFFERS:

v PC on FB v INST PC on FB v INST PC

m -> A: 1 0000 0014 -- C: 0 02e1 0012
-> B: 1 D000 0015 -- D: 0 0000 0013

INSTRUCTION

QUEUE:

HTIQVDOBMAISX OPIT EXRSLT ARGO ARG1 v sc ARG2 v sc PC

.0:101

00000 0/ad 01 00 Q000 0002 23de 1 10 fd1f

1 07 000e

1010000C

b7 0

00 Q000 0000 0006 1 05 000f 1 00 000f

10000001C

a0 00 00 00000001 0000 1 00 23de 0 00 0010

00011

a1'00 00 Q000 ffide 0006 1 05 0000

1 00 0011

10000002

a0ldo 00 0000 ffe1 0000 1 xx 23de (

000012

.1.l.

1
0
100
0
0

o O oo o

10000002

aqd

00 0000/ 0000 0000 1 00 0000 1 00 0013

P i R =)

.T6:0 02

a2

fdle 0002 02el 1 12 02el 1 12 000c

000
000

[

1
H7:11 000

al'o

2 00 fd1f/0001 fdle 1 06 0000 1 00 000¢

MEMORY
QUEUE:
S ADDR DATA OP ID

ALU-0
INPUT REGISTERS:
v ARGO ARG1 ARG2 OP B ID PC

ALU-1
INPUT REGISTERS:
v ARGO ARG1 ARG2 OP B ID PC

00011 0000 m5 10

00010 0000 m5 11

00012 0000 m5 12

b

DATA
MEMORY

|

v RSLT ID EX

ooze1 120 |

MEMORY
RESULT BUS

‘ 1 pOOZ 43de fd#f a0 0‘00 q)OQe ‘
I

! !

VRSLTIDEX vIDPC
[120id000 | 0000011 |
ALU-0 ALU-0
RESULT BUS BRANCHMISS

110000 0006 0000 b7 0 01/ 000f \
I I I

' '

VRSLTIDEX vIDPC
(10010010 | |[1010006 |
ALU-1 ALU-1
RESULTBUS ~ BRANCHMISS

Figure 15: EXECUTION CYCLE 16
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ENEE 446: Digital Computer Design

— RiSC-00.1.v Execution Example

PC:

INSTRUCTION
MEMORY

n—l

on FB v INST PC

-- C: 0 02el 0012

-- D: 0 0000 0013

BRANCH FETCH

BACK: BUFFERS:

v PC on FB v INST PC

0016 -> A: 0 0000 0014
-> B: 0 0000 0015

INSTRUCTION

QUEUE:

HTIQVDOBMAISX OPIT EXRSLT ARGO ARG1 v sc ARG2 v sc PC

REGISTER COMMIT

FILE: BUSES:

RN RVAL v sc B#v RSLT ID rT EX
0: 0000 1 00 0: 1 20fd 00 01 00
1: 23de 0 00 1: 10010 0100 00
2:fd1f 107

3:0001111 -~

4: 0000 1 xx

5: 0000 1 xx

6: 0000 1 xx

7: 0006 1 05

H.0:110001000a001

00 20fd 0002 23de 1 10 fd1f 1 07 000e

.1:1100010C

o

b7 00 00 0010 0000 0006 1 05 000f 1 00 000f

.T2:00000000

o

a0 00 00 0000 0001 0000 1

0 20fd 1 00 0010

..3:00000000¢C

al 00 00 0000 ffde 0006 1 05 0000 1 00 0011

a0 00 00 0000 ffed 0000 1 xx|20fd 1/ 00 0012

.5:00000000¢C

a0 00 00 Q000 0000 0000 1 00 0000 1 00 0013

..6:010001000a2 0z

0 fdle 0002 02el 1 12 02el 1 12 000¢

0 1

0 0

0 0
..4:00000000¢C

0 0

0 1

0 1

=li=li=li=]lk=)

NN

..7:010001000/al 0z

0 fd1f 0001 fdle 1 06 0000 1 00 000d

MEMORY
QUEUE:
S ADDR DATA OP ID

ALU-0
INPUT REGISTERS:
v ARGO ARG1 ARG2 OP B ID PC

ALU-1
INPUT REGISTERS:
v ARGO ARG1 ARG2 OP B ID PC

00011 0000 m5 10

‘0 pOOZ JSde fdp.f a0 0‘00 q)OQe ‘
I

‘0 pOOO q006 OqOO b7 p 01‘ 0q0f ‘ ‘
I

00010 0000 m5 11
00012 0000 m5 12

b

DATA
MEMORY

|

v RSLT ID EX

ooze1 120 |

MEMORY
RESULT BUS

! !

VRSLTIDEX vIDPC
[020id000 | 0000011 |
ALU-0 ALU-0
RESULT BUS BRANCHMISS

I I
' '
VRSLTIDEX vIDPC
(00010010 | |[0010006 |
ALU-1 ALU-1
RESULTBUS ~ BRANCHMISS

Figure 16: EXECUTION CYCLE 17
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ENEE 446: Digital Computer Design — RiSC-00.1.v Execution Example

PC:
REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID T EX
INSTRUCTION 0: %000 1 DO 0: 0000 02/00 00
MEMORY 1: 20fd 1 00 1: 0 0000 0300 00
2: fd1f 1 07
BRANCH FETCH I—r‘ 3:0001111
BACK: BUFFERS: 4: 0000 1 xx
v PC on FB v INST PC on FB v INST PC 5: 0000 1 xx
E -> A: 1 pdff 0006 L - C:002e10012 6: 0000 1 xx
-> B: 1 £c02 0007 — -~ D: 00000 0013 7: 0006 1 05
INSTRUCTION ” ”

QUEUE:
HTIQVDOBMAISX OP T EX RSLT ARGO ARG1 v sc ARG2 v sc PC

..0:01/000 100 0agd 01 00 20fd D002 23de 1 10 fd1f 1 07 000e
..1:01/0001000b7 00000010 0000 0006 1 05 000f|1 00 000f
HT 2: 0000000 00 a0 0000 0000 0001 0000 1/00 20fd 1 00 0010
..3:000000000 al 00 00 0000 ffde 0006 1 05 0000 1 00 0011
..4:000000/000 a0 00 00 0000 ffel 0000 1 xx 20fd 1/00 0012
..5:000000/000 a0 0000 00000000 0000 1 00 0000 1 00 0013
..6:01/0001000a20200 fdle 0002 02e1 1 12 02e1 (1 12 000¢
..7:01/0001000al 02 00 fd1f 0001 fd1le 1 06 0000 1 00 000d
MEMORY ALU-0 ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
00011 0000 m5 10 (00002 23de fdif a0 000 000e | | [00000 0006 0000 b7 0 01 000f | \
00010 0000 m5 11 I I I
00012 0000 m5 12 ] ] ] ]
'
DATA
MEMORY
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
| i [020fd 000 [ 0]00 0011 \ (00010010 | d01/0006 \

VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1

mn- RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS

MEMORY

RESULT BUS

Figure 17: EXECUTION CYCLE 18
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ENEE 446: Digital Computer Design

— RiSC-00.1.v Execution Example

PC:

REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID rT EX
INSTRUCTION 0: 0000 1 00 0: ® 0000 02/03 00
MEMORY 1: pofd 1 00 1: 0 0000 0300 00
2: fd1f 1 07
BRANCH  FETCH 3:0001 002
BACK: BUFFERS: 4: 0000 1 xx
v PC on FB v INST PC on FB v INST PC 5: D000 1 xx
-- A: 0 2dff 0006 -> C: 1 8201 0008 I 6:0000 1 xx
-- B: 0 ¢c02 0007 -> D: 1 £078 0009 — 7:0006 105
INSTRUCTION ” ”
QUEUE:

HTIQVDOBMAISX OPIT EXRSLT ARGO ARG1 v sc ARG2 v sc PC

..0:010001010a001002

0fd 0002 23de 1 10 fd1f 1 07 000e

..1:010001/010|b700000

010 0000 0006 1 05 000f 1 00 000f

H.2:100000100al10300

0000 ffff 0001 1 11/0006 1 05 0006

..3:10000 OJObGlO)OOC

000 0002 0000 1 00 0001 0 02 Q007

T4:000000001 0afh 0000

0000 ffel 0000 1 xx 20fd 1 00 0012

..5:000000010a0j00 000

000 0000 0000 1 00 0000 1 00 0013

..6:020001010a2]02 00 f

dle 0002 02el 1 12 02el 1 12 000¢

.7:010001010

alj02 0o f
|

d1f 0001 fdle 1 06 0000 1 00 000d

MEMORY
QUEUE:
S ADDR DATA OP ID

ALU-0
INPUT REGISTERS:
v ARGO ARG1 ARG2 OP B ID PC

ALU-1
INPUT REGISTERS:
v ARGO ARG1 ARG2 OP B ID PC

‘ 0 ‘0000 qOOG OQOO b7 p 0]4 OQOf ‘ ‘

00011 0000 m5 10 [0 0002 23de fd1f a0 0/00 000e \
00010 0000 m5 11 |
0 0012 0000 m5 12 ‘ ‘
N
DATA
MEMORY
l VRSLTIDEX vIDPC
020fd000 | 0[do 601
v RSLT ID EX ‘Ai_o q ‘ M Aﬁ)u_j ‘
mn- RESULT BUS BRANCHMISS
MEMORY
RESULT BUS

| |

o

VRSLTIDEX vIDPC
(00010010 | 010006 |
ALU-1 ALU-1
RESULTBUS ~ BRANCHMISS

Figure 18: EXECUTION CYCLE 19
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ENEE 446: Digital Computer Design — RiSC-00.1.v Execution Example

PC:
REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID 1T EX
INSTRUCTION 0: 0000 1 00 0: 0 0000 02/03 00
MEMORY 1: 20fd 1 00 1: 0.0000 03 00 00
2: fd1f 1 07
BRANCH  FETCH n—l 3:0001 0 p2
BACK: BUFFERS: 4: 0000 0 04
v PC on FB v INST PC on FB v INST PC 5: 0000 1 xx
E -> A: 0 dff 0006 -- C: 0 3201 0008 6: 0000 1 xx
->B: 0 cc02 0007 -- D: 0 ¢078 0009 7: 0006 1 05
INSTRUCTION
QUEUE:

HTIQVDOBMAISX OPIT EXRSLT ARGO ARG1 v sc ARG2 v sc PC
..0:020001020a0 01 00 20fd 0002 23de 1 10 fd1f 1 07 000e
..1:020001020b7 00 0000100000 0006 1 05 000f 1 00 000f
H.2:1010000/00al 03000000 ffff 0001 1 11/0006 1 05 0006

..3:100000[100 b6 00000000 0002 0000 1 00 0001 0 02 Q007
..4:100000110a1jo4 00 0000 0001 0000 1 xx 20fd 1 00 0008
..5:10011 000 20 bs|do 00 0000 fff8 0000 1 00 DOOO 1 00 0009
T6:0100010720a2p2 00 fdle 0002 02el 1 12 02el 1 12 000c
. 7:02/00010 20 al|2 00 fd1f 0001 fd1e 1 06 0000 1 00 000d
[
MEMORY ALU-0 ' ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
00011 0000 m5 10 [1ffff 0001 ffff a0 0020006 | | | [00000 0006 0000 b7 0 01 000f | \
00010 0000 m5 11 I I I I I I
00012 0000 m5 12 ] ] ] ]
N
DATA
MEMORY
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
b (10000020 | |[0020006 | (00010010 | (010006 |

VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1

ﬂﬂ. RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS

MEMORY

RESULT BUS

Figure 19: EXECUTION CYCLE 20
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ENEE 446: Digital Computer Design — RiSC-00.1.v Execution Example

PC:
REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID 1T EX
INSTRUCTION 0: 0000 1 00 0: 1 0000 02[03 00
MEMORY 1: 20fd 1 00 1: 0 0000 0300 00
2: fd1f 1 07
BRANCH  FETCH 3:0001 002 ]
BACK: BUFFERS: 4: 0000 0 04
v PC on FB v INST PC on FB v INST PC 5: 0000 1 xx
ﬂ -> A: 1 aal2 0002 -- C: 0 3201 0008 6: 0000 1 xx
-> B: 1 7c00 0003 -- D: 0 £078 0009 7: 0006 1 05
INSTRUCTION
QUEUE:
HTIQVDOBMAISX OP T EX RSLT ARGO ARG1 v sc ARG2 v sc PC
..0:010001/010[a0 01 00 20fd 0002 23de 1 10 fd1f 1 07 000e

..1:0210001/010/b7 00000010 0000 0006 1 05 000f 1 00 000f —_—
H.2:1100010/00al 03000000 ffff 0001 1 11/0006 1 05 0006

— > ..3:101000000b6 000000000002 0000 1 00 0000 1 02 0007
[ .4:10100000 1/al 04 00 0000 0001 0000 1 xx 20fd {1 00 0008
..5:100100[10 1/b6 00 00 Q00O fff8 0000 1 00 D000 1 00 00D
T6:0100010[10a2 0200 fdle 0002 02el 1 12 02el 1 12 000c
.7:010001010 ayloz 00 fd1f 0001 fd1e 1 06 0000 1 00 000d
L (— — — — — — =
MEMORY ALU-0 -‘ ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
00011 0000 m5 10 10002 0000 0000 b6 0 03 0007 | \ (10001 0000 0001 a0 0 04 0008 | \
00010 0000 m5 11 I | I I I I
00012 0000 m5 12 ‘ ‘ ‘ ‘
N
DATA
MEMORY
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
l { \ 1 quoo op 0 \ q q)3 \ooop \ \ 1 q)001 og 0 \ q q)4 \ooo? \

VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1

mm- RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS

MEMORY

RESULT BUS

Figure 20: EXECUTION CYCLE 21
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ENEE 446: Digital Computer Design

— RiSC-00.1.v Execution Example

PC:

INSTRUCTION
MEMORY

REGISTER COMMIT

FILE: BUSES:

RN RVAL v sc B#v RSLT ID rT EX
0: 000 1 00 0: 1 0000 03/00 00
1: 20fd 1 00 1: 0 0001 04 04 00
2:fdif 1 07

3: 0000 1 02 -~

4: 0000 1 04

5: 0000 1 xx

6: 0000 1 xx

7: 0006 1 05

BRANCH  FETCH r‘—I

BACK: BUFFERS:

vPC on FB v INST PC on FB v INST PC

[0]0004 -> A: 0 dal2 0002 -- C: 0 8201 0008
-> B: 0/7¢00 0003 -- D: 0 078 0009

INSTRUCTION

QUEUE:

HTIQVDOBMAISX OPIT EXRSLT ARGO ARG1 v sc ARG2 v sc PC

..0:01/0001000/ad 01 0D 20fd D002 23@e 1 10 fd1f 1 07 000e
..1:012/0001000 b7 00 000010 0000 0006 1 05 000f|1 00 00Ot
..2:01/0001000 a1 03 00 0000 ffff 0001 1 11 0006 1 05 0006
H.3:1100010/00b6 00000000 0002 0000 1 00 0000 1 02 0007 —
T4:0100010[00al 04000001 0001 0000 1 xx 20fd 1 00 0008
..5:0001 000 00 bg 0000 0000 fff8 0000 1 00 D000 1 00 0009
.6:01/0001000 a2 0200 fdle 0002 02e1 1 12 02el|1 12 000¢
..7:01/0001000al 0200 fd1f 0001 fdle 1 06 0000 1 00 000d
MEMORY ALU-0 ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
00011 0000 m5 10 (00002 0000 0000 b6 0 03 0007 | | [00001 0000 0001 a0 0 04 0008 | \
00010 0000 m5 11 I I I I I
00012 0000 m5 12 ] ] ] ]
'
DATA
MEMORY
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
| i (00000030 [ 0030002 \ (00001040 | 0040002 \

VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1

ﬂﬂ. RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS

MEMORY

RESULT BUS

Figure 21: EXECUTION CYCLE 22
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ENEE 446: Digital Computer Design — RiSC-00.1.v Execution Example

PC:
REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID 1T EX
INSTRUCTION 0: 0000 1 00 0: 0 0001 04/04 00
MEMORY 1: 20fd 1 00 1: 0 0000 0500 00
2: fd1f 1 07
BRANCH FETCH I—r‘ 3:0000102
BACK: BUFFERS: 4:0000 1 04
v PC on FB v INST PC on FB v INST PC 5: 0000 1 xx
m -> A: 1 8413/000a - --C:08201 0008 6: 0000 1 xx
-> B: 1/e071 000b —> --D: 0078 0009 7: 0006 1 05
INSTRUCTION ” ”

QUEUE:
HTIQVDOBMAISX OP T EX RSLT ARGO ARG1 v sc ARG2 v sc PC

..0:01/000 100 0agd 01 00 20fd D002 23de 1 10 fd1f 1 07 000e
..1:01/0001000b7 00000010 0000 0006 1 05 000f|1 00 000f
..2:01/0001/000 a1 03 00 0000 ffff 0001 1 11 0006 105 0006
..3:01/000 1000 b6 000000000002 0000 1 00 0000 1 02 0007
HT 4:0(10001000al 040000010001 0000 1/xx 20fd 1 00 0008
..5:000100000 b6 0000 0000 fff8 0000 1 00 0000 1 00 0009
..6:01/0001000a20200 fdle 0002 02e1 1 12 02e1 1 12 000c
..7:01/0001000al 0200 fd1f 0001 fd1le 1 06 0000 1 00 000d
MEMORY ALU-0 ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
00011 0000 m5 10 (00002 0000 0000 b6 0 03 0007 | | [00001 0000 0001 a0 0 04 0008 | \
00010 0000 m5 11 I I I I I I
00012 0000 m5 12 ] ] ] ]
'
DATA
MEMORY
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
| i (00000030 [ 0030002 \ (00001040 0040002 \

VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1

ﬂﬂ. RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS

MEMORY

RESULT BUS

Figure 22: EXECUTION CYCLE 23
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ENEE 446: Digital Computer Design — RiSC-00.1.v Execution Example
PC:
REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID T EX
INSTRUCTION 0: %000 1 DO 0: 0000 14/00 00
MEMORY 1: 20fd 1 00 1: 0 0000 0500 00
2: fd1f 1 07
BRANCH FETCH n—l 3:0000102
BACK: BUFFERS: 4: 0000 1 04
v PC on FB v INST PC on FB v INST PC 5: 0000 1 xx
[0000f | --A:08413000a -> C: 1[4902 00dc I 6: 0000 1 xx
-- B: 0 €071 000b -> D: 1/2901 000d — 7:0006 1 05
INSTRUCTION ” ”
QUEUE:
HTIQVDOBMAISX OP T EX RSLT ARGO ARG1 v sc ARG2 v sc PC
..0:01/000 1]0 2 0[ad 01 00 20fd D002 23de 1 10 fd1f 1 07 00De
..1:01/0001/02 0/b7 00 00 0010 0000 0006 1 05 000f 1 00 00Of
..2:01/0001/02 0/a1 03 00 0000 ffff 0001 1 11 0006 1 /05 0006
..3:01/0001/020/b6 00 00 Q000 0002 0000 1 00 0000 1 02 0007
H.4:100000 100 m4 0000 0000 0013 0000 1 00 20fd 1 00 000a
..5:100000/[1 1 0/b7]00 00 0000 fff1 0000 1 00 0OOb 1 00 000b
T6:010001020a2p2 00 fdle 0002 02el 1 12 02el 1 12 000c
. 7:010001020a1|¢2 00 fd1f 0001 fd1e 1 06 0000 1 00 000d
I
MEMORY ALU-0 ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
00011 0000 m5 10 [0/0002 0000 0000 b6 0 03 0007 | \ 100001 0000 0001 a0 0 04 0008 | \
00010 0000 m5 11 I I I I
00012 0000 m5 12 ‘ ‘ ‘ ‘
N
DATA
MEMORY
o
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
l \ 0 quoo op 0 \ q q)3 \ooop \ \ 0 p001 0@ 0 \ q q)4 \ooo? \
VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1
ﬂn- RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS
MEMORY
RESULT BUS

Figure 23: EXECUTION CYCLE 24
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ENEE 446: Digital Computer Design

— RiSC-00.1.v Execution Example

PC:

INSTRUCTION
MEMORY

on FB v INST PC

-- C: 04902 000c

-- D: 02901 0000

BRANCH FETCH

BACK: BUFFERS:

v PC on FB v INST PC

0010 -> A: 1 0482 000e
-> B: 1 £380 000

INSTRUCTION

QUEUE:

REGISTER COMMIT

FILE: BUSES:

RN RVAL v sc B#v RSLT ID rT EX
0: 0000 1 00 0: ® 0000 14|00 00
1: 20fd 1 00 1: 0 0000 0500 00
2:{d1f 0 07

3: 0000 1 02

4: 0000 1 04

5: 0000 1 xx

6: 0000 1 xx

7: 0006 1 05

HTIQVDOBMAISX OPIT EXRSLT ARGO ARG1 v sc ARG2 v sc PC

.TO:0

1000101 0a0 0100 20fd 0002 23de 1 10 fd1f 1 07 000e

.1:010001010b7

00 0010 0000 0006 1 05 000f 1 00 00Of

..2:010001010a1

3 00 Q000 ffff 0001 1 11 0006 1 05 0006

1

H.4:1010000/00m

00|00 0000 0013 0000 0 04 20fd 1 00 000a

..5:101000000b7

0
03
..3:020001010/b600 000000 0002 0000 100 0000 1020007
4
0]

00 0000 fff1/0000 1 00 000b 1 00 000b

..6:100000[101a202 000000 0002 fdif 1 07/fd1f 1 07 000c

..7:100000011alj02 00 Q000 0001 fd1f 0 06/20fd 1 00 000d

MEMORY
QUEUE:
S ADDR DATA OP ID

ALU-0
INPUT REGISTERS:
v ARGO ARG1 ARG2 OP B ID PC

ALU-1
INPUT REGISTERS:
v ARGO ARG1 ARG2 OP B ID PC

00011 0000 m5 10

‘ 1 ‘0013 qOOO Oq13 a0 p 04{ OQOa ‘ ‘

‘1ﬂ'ﬁ1 OOQOﬁ"fl P700$ Oqub‘ ‘ ‘
I

00010 0000 m5 11
00012 0000 m5 12

b

DATA
MEMORY

b

v RSLT ID EX

ooze1120 |

MEMORY
RESULT BUS

! !

VRSLTIDEX vIDPC

\ 1 q3013 og 0 \ q q)4 \001? \
ALU-0 ALU-0
RESULT BUS BRANCHMISS

| |

o

VRSLTIDEX vIDPC
[1000c050 1050000 |
ALU-1 ALU-1
RESULT BUS BRANCHMISS

Figure 24: EXECUTION CYCLE 25
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ENEE 446: Digital Computer Design

— RiSC-00.1.v Execution Example

PC:

INSTRUCTION
MEMORY

REGISTER COMMIT

FILE: BUSES:

RN RVAL v sc B#v RSLT ID rT EX
0: 000 1 00 0: 0 0013 14/00 00
1: 20fd 1 00 1: 0 000c 0500 00
2:fdif 1 07

3: 0000 1 02

4: 0000 1 04

5: 0000 1 xx

6: 0000 1 xx

7: 0006 1 05

BRANCH  FETCH r‘—I

BACK: BUFFERS:

vPC on FB v INST PC on FB v INST PC

(010010 -> A: 0 0482 000e -- C: 0 4902 000¢
-> B: 0 £380 000 -- D: 0 2901 000d

INSTRUCTION

QUEUE:

HTIQVDOBMAISX OPIT EXRSLT ARGO ARG1 v sc ARG2 v sc PC

..0:010001000a001002

0fd 0002 23de 1 10 fd1f 1 07 000e

..1:010001/000|b700000

010 0000 0006 1 05 000f 1 00 000f

al 03000

000 ffff 0001 1 11 0006 1 05 0006

0
..2:010
0

1 0
001000
..3:010001/000

000 0002 0000 1 00 0000 1 02 Q007

0
0
b6 00 00 0
H.4:100001000 m4 0000

0013 0013 0013 1 04 20fd 1 00 000a

00c|fff1 0000 1 00 000b 1/ 00 000b

..5:110001000b700010
.,T6:000000000a20200

000!

0002 fd1f 1 07 fd1f 1 07 000c

..7:000000000a102000

000 0001 fdi1f 0 06/20fd 1 00 000d

MEMORY
QUEUE:
S ADDR DATA OP ID

ALU-0
INPUT REGISTERS:
v ARGO ARG1 ARG2 OP B ID PC

ALU-1
INPUT REGISTERS:
v ARGO ARG1 ARG2 OP B ID PC

0 hrll 0000 flffl b7 ci 05000b \

00011 0000 m5 10 (00013 0000 0013 a0 0 04 000a |
00010 0000 m5 11 I I I
00012 0000 m5 12 ] ]
N
DATA
MEMORY
VRSLTIDEX vIDPC
| (00013040 | [004 0016 |
v RSLT ID EX ALU-0 ALU-0
n- RESULT BUS BRANCHMISS
MEMORY
RESULT BUS

! !

VRSLTIDEX vIDPC
[0000c050  |[0050000 |
ALU-1 ALU-1
RESULTBUS ~ BRANCHMISS

Figure 25: EXECUTION CYCLE 26
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ENEE 446: Digital Computer Design

— RiSC-00.1.v Execution Example

PC:

INSTRUCTION
MEMORY

REGISTER COMMIT

FILE: BUSES:

RN RVAL v sc B#v RSLT ID rT EX
0: 000 1 00 0: 0 0013 14/00 00
1: 20fd 1 00 1: 0 000c 0500 00
2: fdif 1 o7

3: 0000 1 02

4: 0000 1 04

5: 0000 1 xx

6: 0000 1 xx

7: 0006 1 05

BRANCH FETCH I—‘_‘

BACK: BUFFERS:

v PC on FB v INST PC on FB v INST PC

0012 -> A: 1 a411 0000 I— --C:04902 000c
->B: 1acl0 0001 — --D: 02901 000c

INSTRUCTION ”

QUEUE:

f

HTIQVDOBMAISX OPIT EXRSLT ARGO ARG1 v sc ARG2 v sc PC

..0:010001000a001 002

0fd 0002 23de 1 10 fd1f 1 07 000e

..1:010001/000|b700000

010 0000 0006 1 05 000f 1 00 000f

al 03000

000 ffff 0001 1 11 0006 1 05 0006

0
..2:010
0

1 0
001000
..3:010001/000

000 0002 0000 1 00 0000 1 02 Q007

0
0
b6 00 00 0
H.4:100011000 m4 0000

0013 0013 0013 1 04 20fd 1 00 000a

00c|fff1 0000 1 00 000b 1/ 00 000b

.5:11000100[0b700010
.T6:0000000¢04a20200

0000 0002 fd1f 1 07 fd1f 1 07 000c

02000

.7:00000000[0a1

000 0001 fdi1f 0 06/20fd 1 00 000d

MEMORY l_

QUEUE:
S ADDR DATA OP ID

ALU-0
INPUT REGISTERS:
v ARGO ARG1 ARG2 OP B ID PC

ALU-1
INPUT REGISTERS:
v ARGO ARG1 ARG2 OP B ID PC

‘0W1 OOQOﬁ"fl P700$ Oqub‘ ‘ ‘
I

00011 0000 m5 10 100013 0000 0013 a0 0 04 000a |
00010 0000 m5 11 I | |
00012 0000 m5 12 ‘ ‘
N
DATA
MEMORY
l VRSLTIDEX vIDPC
00013 04 0 41001
v RSLT ID EX ‘AL?J_O *4 ‘ q q)AL‘U-j: ‘
ﬂn- RESULT BUS BRANCHMISS
MEMORY
RESULT BUS

| |

o

VRSLTIDEX vIDPC
[0000c050 0050000 |
ALU-1 ALU-1
RESULT BUS BRANCHMISS

Figure 26: EXECUTION CYCLE 27
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ENEE 446: Digital Computer Design — RiSC-00.1.v Execution Example

PC:
REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID T EX
INSTRUCTION 0: %000 1 DO 0: 0013 14/00 00
MEMORY 1: 20fd 0 16 1: 0 000c 05 00 00
2: fd1f 1 07
BRANCH FETCH n—l 3:9000017
BACK: BUFFERS: 4:(000 1 04
v PC on FB v INST PC on FB v INST PC 5: 0000 1 xx
ﬂ -- A: 0 a411 0000 -> C: 1 hall2 0002 L 6:0000 1 xx
-- B: 0 ac10 0001 ->D: 1 7¢c00 0003 —= 7:0006 1 05
INSTRUCTION ” ”

UEUE:
ETIQVDOBMAISX OP rT EXRSLT ARGO ARG1 v sc ARG2 v sc PC
.-T0:0100010220a001 00 20fd 0002 23de 1 10 fd1f 1 07 000e
.1:010001 0/b7 00 00 0010 0000 0006 1 05 000f 1 00 00Of
.2:010001 al 03 00 Q000 ffff 0001 1 11 0006 1 05 0006
..3:010001 0b6 00 00 0000 0002 0000 1 00 0000 1 02 Q007
H.4:101001000m4 000000130013 0013 104 20fd 1 00 000a

[=]N=lN=)

NN
o

P o oo

..5:11/0001000 b7 0001 000c/fff1 0000 1 00 0OOb 1/ 00 000b
..6:100000[100m5 010000000011 0000 1 00 20fd 1 00 0000
.7:100000[110m4 0300 0000 0010 0000 1 00 0000 1 00 P00
L
MEMORY ALU-0 ' ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
10013 20fd m4 14 (00013 0000 0013 a0 0 04 000a | | [0fff10000 fff1 b7 005 000b | | \
00010 0000 m5 11 I I I I I I
00012 0000 m5 12 I I ] ]
'
DATA
MEMORY
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
l i (00013040 | 0040016 \ [0000c050 | |[0050000 |
VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1
ﬂﬂ. RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS
MEMORY
RESULT BUS

Figure 27: EXECUTION CYCLE 28
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ENEE 446: Digital Computer Design

— RiSC-00.1.v Execution Example

PC:

REGISTER COMMIT
FILE: BUSES:
RN RVAL v sc B# v RSLT ID T EX
INSTRUCTION 0: %000 1 DO 0: 1 0013 14/00 00
MEMORY 1: 20fd 0 16 1: 1 000c 05/00 01
2: fd1f 0 10
BRANCH  FETCH I—r‘ 3:00000 17 ]
BACK: BUFFERS: 4: 0000 1 04
v PC on FB v INST PC on FB v INST PC 5: 0000 1 xx
E -> A: 1 Bfgc 0004 | » --C:04aal2 0002 6: 0000 1 xx
-> B: 1 ff80 0005 — - D: 0 7c00 0003 7: 0006 0 01
INSTRUCTION ” ”
QUEUE:

HTIQVDOBMAISX OP T EXRSLT ARGO ARG1 v sc ARG2 v

sc PC

..0:100D00[100m50200 0000 0012 0D0O 1 04 fd1fll 07 0002
..1:100000[1 10 a3]07 00 0000 0000 0000 1 00 0000 1 00 Q003
T2:0100010[]20a]p3 00 0000 ffff 0001 1 11 0006 1 05 0006 —
— ..3:01/000 102 0/b6/d0 00 0000 0002 0000 1 00 0000 1 02 Q007 —
[ H.4:110001000 4000000130013 0013 1 04 20fd 1 00 000a
..5:11/00010 00 b7|do 01 000c/fff1 0000 1 00 DOOb 1/ 00 000b
..6:101000000m4p1 0000000011 0000 O 06 20fd 1 00 Q000
.7:101000000m4p3 00 0000 0010 0000 O 07 0000 1 00 P00
MEMORY ALU-0 ALU-1
QUEUE: INPUT REGISTERS: INPUT REGISTERS:
S ADDR DATA OP ID v ARGO ARG1 ARG2 OP B ID PC v ARGO ARG1 ARG2 OP B ID PC
20013 20fd m4 14 (10011 0000 0011 a0 0 06 0000 | | [10010 0000 0010 a0 0 07 0001 | \
00010 0000 m5 11 I I I I I
00012 0000 m5 12 ] ] ] ]
'
DATA
MEMORY
o
VRSLTIDEX vIDPC VRSLTIDEX vIDPC
l i (10011060 | 0060012 \ (10010070 [[0070012 |

VRSLTID EX ALU-0 ALU-0 ALU-1 ALU-1

ﬂﬂ. RESULT BUS BRANCHMISS RESULT BUS BRANCHMISS

MEMORY

RESULT BUS

Figure 28: EXECUTION CYCLE 29
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