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Introduction

B This presentation introduces:

< the visualization of the out-of-order CPU model in gem5
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Introduction

B Let's suppose

<> you come up with an excellent idea and
< try to extend the CPU model in gem5 for adding your new method.

B You will probably tackle the following issues:

< difficult bugs, especially performance related ones

<> a situation where your method cannot improve the performance as
expected



Introduction

B You probably validate your modified gem5 as follows:

<> Check counters outputted by gem5

1 e.g., the number of LLC misses / branch mispredictions
[1 These counters sometimes give us clues.
< Check the behavior by using a debugger and step execution

B However, it is difficult to fix issues in the following situations:

<> You have no idea what causes it

< You recognize some counters show that something is wrong,
but you have no idea what happened



Visualizing the pipeline behavior

B |n such situations, pipeline visualization is very useful.

B In general, visualization is a powerful tool for investigating bugs or
behavior.

< If you have developed hardware with HDL such as Verilog, you
may have used a waveform viewer.

1 In a waveform view, you can easily see signal transitions and
relations between signals.

1 Such viewers may have helped you a lot.

B This is also true for gem5!



A text-based pipeline viewer is provided for gem5

M This viewer is very useful to investigate the pipeline behavior.

<> But, you can see only a limited range of instruction sequences at once

< This is the "less" command itself, it is not very user-friendly.

Thanks for flying Vin

450865 } Bx1 280887014 .
420860 } @x126087b T3,
450860 } Bx120808870 .
JZOE68 ) @x128087c0E.
S2ZEEEE ) Bx]20087c8d .
SZEEEE ) @x]ZE0ETCHS .
SZEEEE ) Bx1 2608 7cke .
SZA86E ) Bx] 20087048 .
JZO860 ) @x1Z20087cdd.
SZAEEE ) Bx] 20087048 .
JZOE68 ) @x1280887c34.
S2EEEE ) Bx]2E087c55 .
SZEEEE ) @x]ZE0ETCSe.
SZOEEE ) Bkl Z2808vhT4.
S2A86E ) Bx1 2608701,
JZ0E68 ) @x128087bTc.
S2ZEEEE ) Bx] 200870t .
TZEEEE ) @x]ZE0ETCTE .
SZEEEE ) Bx126087c54 .
SZEEEE ) @x]ZE0ETCSE.
JZ20868 } @x1Z26087cTe.
SZAEEE ) Bx1200870T4.
JZOE68 ) @x1280887b18.
S2EEEE ) Bx12e0870 .
SZEEEE ) Bx]ZE0ETCHE .
S2EEEE ) Bx126087c8d .
S2A86E ) Bx126087c14.
JZOE68 ) @x1280887c18.
SZAEEE ) Bx12E087c]e.
TZEEEE ) @x] ZE0ETCIE.
S2ZEEEE ) Bx]20087c24 .
SZEEEE ) @x]ZE0ETCSY .
JZ0860 ) @x126087c38.
SZA86E ) Bx] 2087050 .
SOEEEE } @x12808870T4.
SEEEEE ) Bx]12E0870 TS .
SOEBEE ) @x]ZE8EThTC.
SEEEEE ) Bx1 2608 7cHE .
SEEBEE ) Bx] 20087084 .
SOEE6E } @x1ZE087c14.
SEABEE ) Bx12E087c15.
SOEEEE } @x1Z28887cic.
SEEEEE ) Bx] 20087028 .
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ldg r2,8{r16}
cmpeq rZ, 53,1

bie 1,81 208687c4c
cmple r2,3,r1

beq 1,81 200607214
cmpeq P2, 3,1

bre 1, 8:x1 260606748
ldg r1,28{r16}

=tg r1,8(r4)

b Bx128887c54

lda r16,16{r16}
ldg +1,8{r16)

bre +1,8x1 2088704
ldg r2,8{r16}
cmpeq P2, 5,1

bre 1,81 208606 7cd4c
ldg +1,2(r16)

stg r1,8{r3}

lda 16, 16{r163
ldg ri,8{r16}

bre +1,8:1 20887014
ldg r2,8{r16}
cmpeq P2, 5,1

bre 1,81 20007040
cmple r2,5,r1

beq r1,8:1 268606714
cmpeq P2, 6,1

bre 1,81 20606723
cmpeq 2, 17,11

btz 1, @1 20087234
b B:x128887c54

lda r16, 16163}
ldg r1,8{r16}

bre +1,8x1 20887014
ldg r2,8{r16}
cmpeq k2, 5,1

bt 1, 81 Z0867cdc
cmple r2,5,r1

beq r1,8:1 20868714
cmpeq rZ, 6,1

bre 1,81 20867228
cmpeaq P2, 17,1

bre 1,81 20087234

This picture is from http://www.m5sim.org/Visualization




Konata: a new GUI based viewer

B You can see the pipeline behavior as a map app.

<> This presentation introduces Konata and best practices in gem5.




1. A brief explanation of how to use

2. Typical visualization examples

3. Use cases



1. Install: All you have to do is to download the package and unpack it.

<& https://github.com/shioyadan/Konata/releases
< Windows/Linux/Mac packages are provided.

<> No additional runtime is not required.

2. Start the executable file such as Konata.exe



1. Generate a trace log from gem5 with the O3 CPU model

< Execute gem5 with the following flags

< ./build/ARM/gem5.opt --debug-flags=03PipeView --debug-start=<first
tick of interest> --debug-file=trace.out configs/example/se.py
--cpu-type=detailed --caches -c <path to binary> -m <last cycle of
interest>

<> This example is from http://www.m5sim.org/Visualization

2. Load the generated "trace.out" to Konata

< from the menu in the window or using drag&drop
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M After loading the file, contents like the following are shown.

> Left side: instruction information such as a PC and mnemonic

< Right side: the image of visualized pipeline behavior

File Window View Help

trace-all-fastfwd.out

T 548 TrSB) T BXOeaet bz W3, Bx485450 Dc | An Ds s | cm

48: s49 (t8: r3g): @xeeses3fs: ldr xa, [xe] pcfrn 1 [1s[em 1 [Me 1

49: s5@ (t8: rd4@): @xeedessfc: ldr x2, [xe, #8] FEJoc[rn 1 [Isem 1 [Mc 1

58: s51 (t@: r4l): o9xee4e64ee: orr X3, xzr, x4 F |Dc|Rn 1 [Is|Cm 1

51: s52 (t@: r42): 0x08486404: ldr x6, [xe, #48] FIDc|Rn 1 |Is|Cm 1 |Mc 1 I

52: s53 (t@: rd3): 0x00466408: ldr x7, [x4] Floc[rn 1 [1s]em 1 [mMc 1]

$3: s54 (t@: r4d): Ox@@4esdec: ldr x4, [x2] Floc[rn 1 J1sfem 1 2 [me 1]

54: s55 (t@: ra5): Ox00486418: add w4, w7, wd FJoc[rn 1 [ps 1 2 [1s[em 2

55: s56 (t@: r46): Ox00406414: str x4, [x3], #4] EJoc[Rn 1 ]ps 1 2 3 [Is[Mc 1

56: s57 (t@: r47): oxee4eecdld: addxi_uop x3, x3, #4 F |Dc|Rn 1 |1Is | Cm 1 2 3 4

57: s58 (t@: r48): 2xee4e6418: ubfm w7, w4, #1, #31 F|Dc|Rn 1 |Ds 1 2 |Is Cm 1

58: 59 (t8: rég): Oxeedesdlc: st x7, [x1] Floc|Rn 1 [ps 1 2 [1s[me 1]

59: s6@ (td: rS5e): 9xPe4e6420: subs x5, x3 [F]pc[rn 1]1s[em 12 2 3 a]

60: s61 (t0: r51): Ox00486424: add x1, x2, #4 F Dc|Rn 1 |1s|em 1 2 3

61: s62 (t@: r52): Bx08486428: b.ls Bx486448 Eloc[rn 1 J1s[em 2 2 3

62: s63 (t@: r53): Bx0@48642c: subs  x6, X1 Eloclrn 1 [1sem 31 2

63: 564 (t@: r54): 9xee4e6438: csel x1, x1, x5, hi F |Dc|Rn 1 ? Is |[Cm 1

64: s65 (t@: r55): Bx@@486434: str x3, [xe] F | bc I Rn 1 |Is |Mc 1

65: 566 (t@: r56): 9x00406438: movz W3, #8, #0 F | Dc | Rn 1 [Is |Cm 1

66: s67 (t@: r57): exee48sdic: str x1, [xe, #8] F |Dc|Rn 1 [Is|Mc 1

67: s68 (t@: rS58): 8x08486448: orr  wl, wzr, w3 [FJoc]rn 1 J1s]em 1
6B: $69 (t@: r59): @x00486444: ret [EJoc[rn 1 J1s[em 1
69: s7@ (t@: ree): 9xee4eeses: adds wis, #1 LFJoc[rn 1 Jzsfem 2 2]
70: s71 (t@: r6l): 9x@e4@656c: b.ne ex426558 F

71: 572 (t@: ré62): 8xee406578: movz we, #8, #0

72: s73 (t8: r63): Bx@8486574: addxi_uop urege, sp, #16

73: s74 (t8: ré4): @x@e486574: ldp_uop x19, x28, [urege]

74: s75 (t@: r65): @x0e486578: ldp_uop x29, x38, [sp]

75: s76 (t@: r66): @x0@486578: addxi_uop sp, sp, #48

76: s77 (t@: r67): @xeed4eesS7c: ret

11



How to see the visualized image

AVANAYANEYAVARINN

v

8
F h\Dc]\ Rn |\ 1 Jips/ 1 2 |\Is/\cm/ 1
\ VAV \ VAV, VAV,
B The clock cycle proceeds from left to right
<> F :Instruction fetch

<> Dc : Instruction Decode

add w4, w7, wd |

< Rn:Rename

<> Ds : Dispatch

<& IS s lssue

< Cm : Completion of execution

1 The execution stage is not explicitly shown

1 The execution seems to be started at the first stage of
"Cm" stages

<> (The end of Cm stages) : Retire 12



Zoom in/out

B You can zoom in/out as follows:

EJoc[rn 1Jos 1 2]1s[cm 2 = H \
FEfoc[rn 1Jbos 1 2 [1s[mMe 12 I H
FJoc[rn 1J1s[em 1 2 3 a4 — =
FJoc[rn 1J1s[em 1 2 3 -
F|Dc|Rn 1 |IsfCm 1 2 3
Eloc[rn 1 ]1s[em 1 2
Floc[rn 1 Jos[1s[em 2
F |Dc|Rn 1 |Is|Mc 1
Efoc[rn 1 [1s]cm 2
[F [oc[rRn 1 [1s[mc 1 FFF'::l'
Floc[an 1 J1s[cm 1 Mt 1
Floc[rn 1 [1s[em 1 = o o ]
FJoc[rn 1 J1s[em 1 2] k I :‘ |E i
F |Oc|Rn 1 |Ds|Is|Cm 1 1 . l| 1
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zoom-1in zoom-out
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Compare Two Pipelines

B Konata can show two pipelines overlapping.
(Currently, it requires manual operations as follows:

1. Load two files

2. Right click -> "Transparent mode" & "Synchronize scroll”

3. Right click -> “Pipeline color scheme” to change a pipeline color

' ||II|I|IIINI

d 1

==
b

Adjust position
Zoom out

Zoom in

Go to bookmark

Set bookmark

Synchronize scroll

AN

Transparent mode
Hide flushed ops
Pipeline color scheme »

Lane 4
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1. A brief explanation of how to use
2. Typical visualization examples

3. Use cases
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Typical Visualization Examples

B [ntroduce how the following things are shown:

1. Qut-of-order execution
Branch misprediction

Cache miss

> W

Execution speed

16



Example: Out-of-order Execution

M Fetch and retirement, marked with the blue circles, are performed in-order

< Instruction issue, marked with the red circles, is performed out-of-order

@l{n}nata
File Window View Help
trace_out
Y
6461: 6461 (T@: R2421): ©x120016d44: cmpeq rie,ra,rd [ FE[oNJRn 1 [bs 1 2 3 XN TJis[oNa |
6462: 6462 (T@: R2422): 0x128816d48: cmpeq 70,07 [ [E]pcNen & [ps 1 2 3 a\G [Is [ ONZ |
6463: 6463 (T@: R2423): 0x120016d4c: and ra,r7,r7]l [EJoc[My 1 [ps 1 2 3 a4 N6 [Is[ N}
6464: 6464 (T@: R2424): @x120916d5@: beg r7,exizepl [ E 1 [pcNRn 1 Jmg 1 2 3 4 NG [1s )\
6465: 6465 (T@: R2425): 0x120816d54: 1dg r3,568(fs [ F_ 1 [Dc[fn f [1sNm 1 G 2 5 =t
6466: 6466 (T@: R2426): @x120016d58: bne r3ex120p1 [ F 1 [pc[Ry \ [os i 2 \is[cm T
B467: 6467 (T@: R2427): 8x120816d5c: subl rie,48,r} [F_ 1 Jpc[ri\ 2 JDs 1 2 NJis[eom N\ 2
6468: 6468 (T@: R2428): @x120016d6e: zapnot r3,15,r3 [Floc]rn\t Jos 1 2 3 N\ J1s[am \Q
6460: 6469 (T@: R2420): Bx120016d64: cmpule r3,o,r3 CFEloclre \ Jos 1 2 3 2N J=[cN\L \2
6470: 6470 (T@: R2436): @x120016d68: beq r3,ex120e [ F [pc]rn 1 2 3 a4 s Is
6471: 6471 (T@: R2431): @x120816déc: ldg re,616(rl [Eloclrn EVzsfm + 2 md 5 6 7
6472: 6472 (T@: R2432): 0x120016d7€: subl r1e,47,r3 [F 1 [oc] Ds 1 2 \isJemN, 2 3 4\ s |
6473: 6473 (Te: R2433): @x120016d74: cmple r3,re,r3 [F 2loclr % [ps 1 > N[\t 2 :\2 ]
6474: 6474 (T@: R2434): 0x120016d78: bne r3,ex12001 [F 1 [oc]rn N\ [pgrmm~2 3N [Is[§y 1 2 \3 |
6475: 6475 (T@: R2435): @x12001744@: cmpeq r12,r2,r7 [FJoclrd Tos[fn 2 203/ 5 6 ¥ |
6476: 6476 (T@: R2436): 0x120617444: sexth rie,r3 [ F Joc]rn\ Ds /1 [1s[cm 1 2 3 a2 N
6477: 6477 (T@: R2437): @x120817448: bne r7,ex12081 [F]oc]rn\z Jos[is[em 1 2 3 3 5 e\]
6478: 6478 (T@: R2438): Bx12001744c: addg ra,r12,r22 [FJ]oc[rn & Jis[ecm 1 2 3 a4 5 & 7
6479: 6479 (T@: R2439): @x12001745@: subl ré,1,r8 [FJoc]rn §\ J1s[em 1 2 3 4 5 & 7
6480: 6430 (T@: R2448): 0x120017454: lda r7,1(r1e) [Eloclrn Nbs 1 [1s]cm 1 2 3 4 5 ¥ |
6481: 6481 (TO: R2441): @x120817458: lda ri2,1(ri2) [F]oc[rn a\J1s]em 1 2 3 a s & 7 A]
6482: 6482 (T@: R2442): @x12001745c: stb r3,e(r22) [Eloclrn 2\[os 1 2 J1s]m 1 2 3 a s\
6483: 6483 (TO: R2443): Ox120017468: cmovgt ré,r8,ré [F]oc[rl1 J1s]ecm 1 2 3 a2 s & 7
6484: 6484 (T@: R2444): @x120017464: beg r7,ex120e1 [ foc]rilz Jps 1 [1s]em 1 2 3 4 5
6485: 6485 (T@: R2445): 0x120017468: ldg r7.8(ri1) [F]oc[rof1 J1s]em 1 2 3 4 5 6 7 |
6486: 6486 (TO: R2446): @x12081746c: 1dg r3,16(ril) [FJoc]rn I Jis[em 1 2 3 a4 5 & 7 |
6487: 6487 (T@: R2447): 0x128617478: cmpult r7,r3,r3 [F]oc[rn b Jos 1 2 Jis[em 1 2 3 4 ]
6488: 6488 (TO: R2448): @x120817474: beg r3,ex12ee1 [FJoc]rn b [os 1 2 3 Jis[em 1 2 3 a4 % & |
6489: 6489 (T@: R2449): Ox120817478: lda r3,1(r7) [Eloc]fn f Jos 1 [1s]m = 2 3 & 5 6 A = |
6498: 6490 (T@: R2458): @x12081747c: ldbu rie,e(r7) EJoc]rn b [os 1 JisJem 1 2 3 a4 s & 7\8 4]
6401: 6491 (T@: R2451): 0x120017480: stq r3,8(ri1) \ [Elbc]rn 1 Jos|is]em 1 2 3 a 5 s Vv sl]

\J 17



Example: Branch Misprediction

<> Flushed instructions are shown as dark ones

Fila Window View Help

trace.out

O S — R e oo au e e

16485: 16485 (TO: R14035): €x120004e04: ldbu r1,8(r1) Floc[rRn ¢ [ps 1 2 [1s]em 1 2 3 4 5 6 7 8 o

16486: 16486 (T0: R14036): @x120004¢08: zapnot  r6,15,r5 FE]bc[Rn t [ps 1 [1s]em 1 2 3 4 5 6 7 8 o 1o

16487: 16487 (TO: R14837): ©x12000420C: zapnot r1,15,r7 F DC | Rn 1 Ds 1 2 3 4 5 IIS I cm 1 2 3 4 5 6

16488: 16488 (T8: R14038): Ox120004e1@: cmpeq r7,r5,r7 F[bc[rn 1 Jbs 3 4 5 |1s]em 1 2 3 4 5 6 | ° °
16489: 16480 (Te: R14030): @x12009deld: beg r7,8x120004: Elocfrn 2 Jos + 2 3 4 5 6 [is[en 1 2 3 4 5| e m 1 S p P ed 1 C t ed b r‘a n C h
16490: 1649@ (Te: R-1): ex120004d80: ldl r3,96(r9) [Efoclrn 1 [1s]

16491: 16491 (Te: R-1): @x120084d84: cmpeq r3,1,r7 [efoclrn 1 Jos + 2 5 [1s]

16402: 16492 (T8: R-1): @x120084d88: bne r7,0x120004e3@ [Efoc]rn 1 Jos 1+ 2 3 4 J1s] L 3

16493: 16493 (Te: R-1): ex120004e30: ldl r2,648(r8) [Eloc]rn 1 [1s]

16494: 16494 (Te: R-1): @x120804e34: and r6,255,r8 [Eloclrn 1 [1s]

16495: 16495 (Te: R-1): @x120004e38: addq ra,rs5,rs _

16496: 16496 (Te: R-1): x12008de3c: extbl r2,3,r7 [Efoc]rn 1 Jos 1 2 [1s]

16497: 16497 (Te: R-1): @x120004e40: s1l r2,8,r2 [Eloc|rn 1 Jos|1s]

16498: 16498 (Te: R-1): ©x120804e43: xor r8,r7,r7 [Eloclrn 2 Jos 1 [1s]

16499: 16499 (TO: R-1): @x120004e48: sdaddq r7,r13,r7 _

16500: 16500 (T0: R-1): x1200@dedc: ldl r7,6(r7) [Efoc]rn 1]

16501 16561 (Te: R-1): ex120004e50: xor r7,r2,rz [Eloclrn 1]

16502 16502 (Te: R-1): ex120@04e54: stl r2,648(r8) [Eloclrn 1]

16503: 16503 (TO: R-1): @x1200084e58: stb r3,128(r5) _

16504: 16504 (Te: R-1): @x1200@deSc: ldg r2,64(r9) [Efoc]rn 1 [1s]

16505: 16505 (Te: R-1): Bx120804e60: addg r2,ra,re [Eloclrn 1] . .
16506: 16506 (T8: R-1): @x120084e64: stb 6,8(rd) [Efoclrn 1] F l u S h e d 1 n S't r\ u C t 1 O n S
16507: 16507 (TO: R-1): @x1200084e68: 1dl r2,108(r9) _

16508: 16508 (TO: R-1): @x1200@d4esc: stl r1,92(r9) [E]oc]rn 1 [1s]

16500: 16509 (Te: R-1): @x120804e70: ldg r3,0(r9) [Eloclrn 1]

16518: 16518 (T@: R-1): @x120@8de74: addl r2,1,rl _

16511: 16511 (TO: R-1): @x120004e78: stl r1,108(r9) _

16512: 16512 (Te: R-1): @x120084e7c: br 0x120004d20 [E]oc|rn 1 ]

16513: 16513 (Te: R-1): e@x120e@4dae: ldg r1,0(r3) Lefoc]

16514: 16514 (Te: R-1): ex120@@4dad: lda r1,1(r1) e o]

16515: 16515 (Te: R-1): ex1200e4dag: stq r1,8(r3) [ Joe]

16516: 16516 (TO: R-1): @x12e@@ddac: ldg r1,0(ra) [LE]oc]

16517: 16517 (Te: R-1): @x1200@4dbe: 1dl r2,8(r1) Lefoc]

16518: 16518 (T@: R-1): @x128@e84dba: subl r2,1,r2 -

16519: 16519 (TO: R-1): @x1200084dbs: stl r2,8(r1) -

16520: 16520 (TO: R-1): @x1200@4dbc: ldg r1,0(ra) [LE]oc]

16521: 16521 (T@: R14049): @x120094e13: 1d1 r2,96(r9) F_i]ocrn 1 [1s]em 12 3 |

16522: 16522 (T8: R14041): 8x12@0804elc: cmpeq r2,255,r4 F 1 Dc |Rn 1 Ds 1 2 II§ Cm 1 I

16523: 16523 (TO: R14642): ©x120004220: bne ra,ex120004 F 1 DC | Rn 1 Ds 1 2 3 Is I Cm 1
16524: 16524 (TO: R14643): 0x120004e24: addl r2,1,r2 F_i]boc]rn 1 Jps 1 2 J1s]cm 1 2
16525: 16525 (T0: R14044): @x120004e23: stl r2,96(r9) [F 2 2]oc]Rn 1 Jbs 1 JIs]cm 12
16526: 16526 (T8: R14045): 8x12@004elc: br ox128804da@ I F 1 2 Dc |Rn 1 Is I Cm 1 2 3
16527: 16527 (Te: R14846): @x1zeeesdae: ldq r1,8(r3) [[E]oc]rn 1 Jis[em 1 2 3
16528: 16528 (T@: R14047): 0x120004dad: lda r1,1(r1) [E]oc]rn 1 Jos 1 2 Jis[em 1 |

18



Example: Cache Misses

B A cache miss is typically shown as a diamond-like shape when the
image is zoomed out as follows

miss latency
< > «— cache miss

miss latency
. >

«—— cache miss
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Example: Cache Misses

B Asitis zoomed out more, the pipeline is typically shown as follows
< This is the pipeline behavior of MCF in SPECCPU 2006.

<> This figure shows the performance is degraded by the cache misses.
\_'*‘{— cache misses

“=—<«—— cache misses
\

™\

\14— cache misses
M\

.
\\4— cache misses
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The slope of a pipeline shape roughly represents

the execution speed (IPC)

< The following two pipelines show the execution of the same 10K
Instructions

10K instruction execution

clock cycle

v

Slower
It takes longer cycles and the slope is gentle

Faster _
It takes shorter

cles and the slope is

21



The slope of a pipeline shape roughly represents

the execution speed (IPC)

B You can see the transition in the execution speed for each part of
the program as follows

22



1. A brief explanation of how to use
2. Typical visualization examples

3. Use cases

1. Grasping the pipeline behavior

2. Comparing pipelines

23



Grasping the pipeline behavior

B The pipeline visualization makes it easy to grasp the pipeline
behavior.

< Explain this by using some examples

B Let's suppose you newly add speculative execution with branch
prediction.

< (Of course, gem5 already has this feature

< Something wrong happens in recovery from mispredictions.

24



Investigating with a log

15 03PipeView:fetch:25069250:8x120016358:8:177: addg ri2,rl2,rl
16 03Pipeview:decode: 256869500 .

For investigating your implementation,
17 03PipeView:rename: 25869758
18 03PipeView:dispatch: 25078250 you probably

19 03PipeView:issue: 25871588
28 03PipeView:complete: 25871758
21 03Pipeview:retire:@:store: 0

22 03PipeView:fetch:258609250:8x12001535c:@:178: 1dq r3,1e4(r2) <> CheCk CUStom |Ogs Or your "printf"

23 03PipeVisw:decode: 25860500

24 03PipeView: rename: 25869758 h h I f pl
25 03PipeView:dispatch: 256878258 OUtPUtS Suc as t e e t exam e
26 03Pipeview:issue:25871258 . .

27 03PipeView:complete:25@71500 <> I d h / h

28 03PipeVisw:retire:@:store: 0 trecor S W en W at InStrUCtlonS
29 03PipeView: fetch:25865500:0x128016360:2:179: addqg r3,rl,r3

30 03PipeView:decode:25069750 are ﬂUShed

31 03PipeVisw: rename: 25670000

32 03PipeView:dispatch: 25878500

33 03PipeVisw:issue: 25672000

34 03PipeView:complete: 25872250

35 03PipeView:retire:25072509:store:@ | ItIS Very d|ff|CU|t to detect Wh|Ch p0|nt

36 03Pipeview:fetch:25069500:8x120016364:0:186: 1dwu ri,e(r3)

37  03PipeView:decode: 250869758 . M f h |
38 03PipeVisw: rename: 25670000 IS Inco rreCt rom Suc teXt Ogs°
39 03Pipeview:dispatch: 25678508

48  03PipeView:issue:25872258

41 03PipeView:complete: B

42 03PipeView:retire:@:store:@

a3 03PipeView:fetch:25069500:8x120016368:@:181:srl ri,13,rl

44 03PipeView:decode:25669750

45 03PipeVisw:rename: 25870000

46 03Pipeview:dispatch:25@78508

a7 03PipeView:issue:®

48 03PipeView:complete:d
a9 N3PinaView:retire:@:stare:

25



Investigating with visualization

bne
: ldg
1 addg
: ldg
addq
: ldwu
1 srl
: blbs
: 1da
: beqg
: ldg

r22,584(ris)
ri2,r12,r1
r3,1e4(r22)
ri,ri,r3
rl,e(r3)
ri,13,rl
rl,ex12e81658€
rie,1(ria)
rle,ex12881694
rl,8(rg)

B By visualizing it, you can easily notice the incorrect point.

< There is the light instruction (not flushed) between the dark
flushed instructions.

B Although this is an artificial example,

< visualization gives us a lot of hints intuitively!
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Another example: memory level parallelism

B One of my friends tackled a topic related to memory level parallelism.

< In short, his method improves the performance by performing
multiple memory accesses in parallel.

B He enlarged the size of the OoO scheduling window so that more
memory accesses are performed in parallel.

< But, the performance is not improved...

27



Another example: memory level parallelism

B He realized a curious behavior from the following zoomed-out image,

<> because the shape is unnatural

B He realized that the pipeline was flushed on a cache miss

< In this sequence, memory accesses should be performed in parallel

The pipeline is flushed

&
<

These instructions
should be executed
in parallel with the above

28



The cause of the flush

B He examined the flushed instruction in detail and found the cause.

B This was because he used Alpha ISA.

< In Alpha architecture, TLB miss causes a trap and the pipeline is
flushed.

<> On a cache miss, a TLB miss often occurs.

<> So, memory accesses cannot be performed in parallel.

B Itis not easily noticed simply by observing the counters in gem5.

<> The shape or pattern of visualized pipelines often tell us hints.

29



1. A brief explanation of how to use
2. Typical visualization examples

3. Use cases

1. Grasping the pipeline behavior

2. Comparing pipelines
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Comparing pipelines

B Let's suppose

< your new method seems to work correctly,
< but it does not improve the performance as you expected.

B Konata can compare two pipelines!

< It is useful when investigating the above situation.
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Example of comparing

B Konata can show two pipelines overlapping.

< Blue shows a baseline processor pipeline.

< Orange shows a pipeline with a proposed method

=W A =gty B o a0 3]
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Example of comparing

B The orange one (proposed) is basically faster than the blue one (baseline)

< The insn. fetch and retirement of the orange one are clearly fast.

ile window View Help e M) A £ 1y qx 1430 m‘
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Example of comparing

B In the zoomed-in image,

< In some places, the fetching of the orange is unreasonably delayed.

<> This was caused by a bug, and this bug degraded the performance.

el i ddeddodd LCR

Ah Ab Al
. -
2 - : e — 3
- 2l

the orange is | 5
delayed. - il e o S L L Lottt




Comparing pipelines

B Visual comparison is very effective for analysis when adding new
features to gemb5.

< If the performance is not improved as expected, something is
delayed.

<> You can detect such parts by visual comparison.

1 Itis easy to see which part is different.
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Conclusion

B |t is generally difficult to investigate the cause of a bug related to the
performance.

< Especially, when you have no idea what happened.

B |n such cases, visualization is very useful.

<> This presentation introduced a new pipeline viewer Konata and
best practice in gem5

B Please try it!
< https://github.com/shioyadan/Konata/releases
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Appendix
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Future work

(In 2022, the features 2. and 3. have been already implemented.
You can use them with “--debug-flags=O3PipeView,03CPUAII.”

<> Add new features:

1. Showing concurrent events such as pipeline stall etc.
2. Dependency arrows between instructions
3. Custom messages for each stage

<> Konata has already had these features.

1 Because Konata was developed for other simulators.
1 | have a plan to add support for these features to gemb5.

m \( =] 2 I:J.L‘ ES 1 Z =] Iﬁ A‘ £ IWU Es IT 4 L 3
| F 1 2 3 4 5 &6 7 |HI"I 1 | [ 1 [f 1 2 3 4 5 6 7 8 0o 48 11 12 13 1
|5t11 2 3 a4 | 2}, fb_T ¢ 1 2 3 4 5 6 S _8 9 18 11 1
2 \§ Mx I~J~35—4 5 GJwb—21 [ f 1 a2 3 4 5 6
lF 1 2 3 4 5 6 7[R 1| 3 A\5 6 7 ® o—~p Trfsl[x 1 2 3Px 1 2w
2 3\ 1 2 3 4 >~5 EFwb 1 -4 2 3 4 5 &
|5t1 1 2 3 4 | 2 3 VMN\NS5 6 7 8 9 deJslc/ T=~1 2 3Px 1 2 |ut
|F1234567|Rn1| 1 2 a['x 1 2 3 a sw fI—~ 3 4 5 o RH|D5|5E|IS|HP|K|RN|CN|
2 3 a4%\5s 6 7 8 9 1@ |wku[STefI~a 2 3x 1 2
|5t]. 1 2 3 4 1 2 3 1 2 3 a4 sdwb 1 [f T3 & 5 & ¥ y
[1217, 517] 1 2 3 4 5 & 7 8 o |Wku[5¥[ T 1 2 3T*x 1 2 —
lF 1 2 3 4 5 &6 " [1e3, 22] Ds[1]
sicfT 1 2 3| x|wh 1 [f£ 1 2 3 & 5 6 37 8 g ‘ _
|5t]_ 1 2 3 4 | 1[sicJ1 1 2 3| x 1 2w 1 | £ 1 2 3 4 5 & - map: rl9(p28), = r@(p32),
1[sw 1 2 3 4 5 6 7 |wku[warfsic] 1 1 2 3 Prx 1 4 .
| F 1 2 3 4 5 6 7 |Rn 1sict 1 2 3[x 1 2w 1 [£ 1 _>—3 a4 5 & prev Fl?{PEl],
|5t1 1 2 3 4 | 1[sw 1 2 3 a4 5 & 7 [wku[wat[sie[1 1 2 SPx 1 1Q alloc: 2
D 1[slf1 1 2 3[x 1\2 3 a4 s & 7 8 9 1
El D 1 [sw 1 [sl¢J1 1 2 3['% 1 2w 1 [§£ 1 2 3
1.Multiple stage lanes 2.Dependency arrow 3.Custom log message
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The slope of a pipeline shape roughly represents

the execution speed (IPC)

<> It is not accurate because flushed instructions are also shown.

< If you want to compare accurately, use "Hide flushed ops" option
from the right click menu
clock cycle

v

Slower
longer clock cycles are elapsed

Faster _
shorter clock cyXles are elapsed

10K instruction execution
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