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A Two-Way Superscalar Pipeline
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Program with data dependencies

Figure 7.69 1 2 3 4 5 7 8 9
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David Harris, et al. Digital Design and Computer Architecture, 2ed, Elsevier, 2013
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TMS320C64x 7§84
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Operations on the M unit
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Context switch
Context swiatches

TID Addr. Inst. Cycle
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1 2 3 4 5 6 7 8
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TID Addr. Inst. Cycle
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GPUMK &4, SIMD, MIMD, RV$6.6
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Single Cycle, Multiple Cycle, Plpellne

E: CVC]E 1 > E: Cvcle 2 .-;
Clk I I |

Single Cycle Implementation:

Load I Store Waste

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6 Cycle 7 Cycle 8 Cycle 9 EC};C]&E 10

Clk | I I I I . I I I . I

Multi:ple Cycle Implementation: : ;
i Load i Store i R- -type
Ifetch I Reg I Exec I Mem I Wr l Ifetch I Reg I Exec I Mem I Ifetch

E E /E O e
Pipeline Implementation: g }%J /H:H %[[ ‘]fli 7J\( éﬁ% E[:Ef é\}% ,H:H

Load| Ifetch I Reg I Exec I Mem I Wr %BZ:% Jlﬁ
o
Store| Ifetch I Reg I Exec I Mem _A/l\}% ﬁﬂ%ﬁi%/ﬂi?g/\?

R-type Ifetchl Reg IExec IMem I Wr
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Pipelining Hazards: 2%, J5[A, Ab¥E

“Ahazard ('H[S) is a situation that prevents starting the next

instruction in the next clock cycle” ?

— Structural hazard, Z5#5s

» A required resource is busy(e.g. needed in multiple stages)
— Can always solve a structural hazard by adding more hardware

« Memory Structural Hazards: single port
— separate instruction/data memories & load/store a Ty T w
— at most one memory access per instruction - -1

* RegFile Structural Hazards: single write-port
— load-ALU: ALU instruction passing MEM

— Data hazard, i
- Data dependency between instructions : ==& W 2 ¥

— Need to wait for previous instruction to complete its data write
» Forwarding: grab operand from Interstage-Buf, rather than RegFile

— Multilevel Bypass: EX bypassing, Load/Store Bypassing, beq bypassing
— Can’t solve all cases with forwarding: load-use-data need to Stall

— WB stage: RegFile Double Pumping—— “ 4 4f” jﬂ@ﬂgﬂu -
— Control hazard, ¥4k AREINEY
- Flow of execution depends on previous instruction #a P

* Flushing: Single cycle branch pA e

« Branch prediction: Zero cycle branch——IFEx

-
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e Stall 51

— SRR IFEstall

* ' I 1)1
. MEM, RegFile, ID Interlocking i)

* Load-used — RAW: 23‘5

— AR IFEstall — beq: £



RAW: forwarding to?

Progra_m
Ef:;““o” e 200 400 600 800 1000 ;&EFE@ E%
in instructions) - D2an =1 A R
add x1, x2, x3 IF 51D —MEM WB HU ;'FE [@IUL i@’ﬁjﬁﬁ @J [%IUL
ﬁ[j IS ) L4 2
=\ FW% il 45
sub x4, x1, x5 IF 1D EX MEM WB i
o R
%14-27: EX/MEM forwarding to EX W& ALU
-
Progra_m : i N
gfjgf"“” Time 200 400 600 800 1oloo 12|00 14|00 : IM _:_E:lHeg
(in instructions) ) I [ -
Id x1, 0(x2) IF D EEX MEM|—= WBE ! |
T O o o o lw-sw: MEM/WB forwarding to MEM
sub x4, x1, x5 IF 51D i—B—MEM WBE

%4-28: stall, MEM/WB forwarding to EX



PAATHS [A] 2

 add x2, x1, x1
* add x3, x2, X2
* ld x4, x3, 0; Idx4, 0O(x3)
« add x5, x4, x4

b3

» TG E AL AR
« B AL

(FW, interlock)

b3



AR (N1

. S H
— PP AR TV
o Stall
« SXFHM: not taken, taken
o WEZZ
— Flush: “clear up, bubble down”
— H [ Hbeq
« RAW
o BRI FIMIKE I 22 KO BOR A TS ?
e /EMk: 4.25
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