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B, 'BM zSystems

8-Core Processor Chip Detail (Telum)

= 7nm FinFET Technology
— 8 cores per CP

—18.8 miles of wire
—~23mm X 22 mm
— Up to 2 PCle buses, and 8 DDIMMS
—22.5B transistors versus 9.2B on z15

IBM z16 Technical Overview_21
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» 8 Telum chips per CPC Drawer in 4 DCMs
= Up to 8 active cores per Telum Chip

* Up to 200 active cores per system

» Added Integrated Accelerator for Al

= On Core L1 Cache
= Private 128K L1l and 128K L1D

= On Core/Chip L2 Cache

» Each core has access to a private 32 MB cache

» Up to 16MB of each cache can be used by other cores as
virtual cache depending on the current activity

» |2 cache of an inactive core becomes shared virtual L3
cache by the active cores of the chip

» |2 cache of an inactive core of another CP can become
virtual L4 cache

* |/O buses
= Each CP chip will support up to 2 Gen-5 PCle buses
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Divide and conquer via hierarchical abstraction

* Macros are timed Out Of Context (OOC)
latch-to-latch paths signed-off at the OOC level (red)
Pl boundary nets are “hidden”, so they will not show up in the
critical path report
* Macro boundary paths are timed at the top level
RLM boundary paths are signed-off at the top Level (green)

Top level data paths R Boundary data path Latch-to-latch path PO Bounglary data path
/ HIDDE& during OOC l Top level data paths
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General observations regarding hierarchy

Suppose your design consists of:
U unique macros
Which have an average graph size of S nodes
Which are re-used on average I times

And for which the ratio of abstract/detailed graph size is C

To analyze this design flat requires STA on overall graph size of: U * S *

°

By leveraging hierarchy we can reduce the total effective computation cost to:
U*S (For out of context analysis) + U*(S*C)*R (For top-level analysis)
- E.g
Let’s pick some values: U = 50, S=100K nodes, R=5, C=0.2
Full flat analysis requires an STA graph of size: 25M nodes

By leveraging hierarchy, we reduce this to:
5M (total size of all unique macros) + 5M (size of top-level with abstracted macros) = 10M node computations

2.5X reduction in problem size

Closer to a DX improvement in TAT if all unique macros can be analyzed in parallel across multiple systems

* This is good, but we need more, otherwise:

We will be fundamentally limited in macro size [S] (which makes design closure difficult)

And/or we will be limited in the # unique [U] IP components that can be co-analyzed in a single environment
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B 'BM zSystems

IBM z16 Continues the CMOS Mainframe Heritage

Up to 10% more capacity for equal IBM z16 n-way vs. IBM z15.
Up to 17% max capacity 200-way vs 190-way (IBM z15)

2055*
+12%
GHz

2253*
+10%
GHz

GHz

SMT vs Single Thread ~ 10-40% (average 25%) for both zIIP and IFL. prv 1832*
S | | « b w2 | | 8%
1202* 13;;, GHz GHz
920* +33% GHz 9% +4%
+50% GHz +6%
= 1 I— 3 GHz | +18% - 1 y "
. +159% 5.5 GHz

4.4 GHz

146,462*
. 111,556* +31
. 78,426* +42% L
52,286 +50% -
31 ,826* +64% °
+?2%
2012
2010 zEC12 2015 2017
2005 2008 z196 %5 v SO z13 1BMZz14
29 EC z10 EC 45 nm 01 101 Cores™ 22 nm SO 14 nm SOI
80 Cores 000 and eDRAM 141 Cores* 170 Cores**
80 nm SOI 65 nm SOI 000 core cache improvements
54 Coras™ B4 Corae™ DRAM cache Arch ontensions SMT and SIMD Enh. SMT & SIMD
System level High-freq core RAIM memory for scaling Up to 10TB of Memory Upto 32 TB of
scaling 3-level cache tegration

ZzBX in . , .. Me .
* PCI Tables are NO'I‘gadaquate for making comparisons of IBM Z processors. Add|t|anfwn cgpactty

IBM z16 Technical Overview_15 ** Mumber of PU cores for customer use

5.2 GHz

215,089*
183,267* (+17%)
+25%
2019 2022
IBM z15 IBEM z16
14 nm SOI 7 nm S0l
190 Cores™* 200 Cores**
Optimized OoO Al Acceleration on CHIP
On-Chip Compression Restructured Cache

Up to 40 TB of Memory  Up to 40 TB of Memory

planning required

GHz /

@ 2022 1BM Corporation

¢

ESIGN ]
AUTOMATICN




Graph-based static timing analysis

Step 2. - Create Timing graph (DAG)

Step 1- Load netlist / assertions / corresponding to the preceding circuit.

parasitics

Step 4 - Fix-up and incremental re-

é and Required Times (RATs) Backward analysis
{1 AUTOMATION

Step 3 - Propagate Arrival Times (ATs) Forward



Key idea for parallelizing base AT/RAT propagation: dynamic work queue processing

Shared work queue of ready to process timing nodes

7\
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Calculation of initial predecessor counts

Jirect dependency (delay
arc)

N Indirect dependency
\ (e.g., clock limited
Test ‘\ propagation)

Predecessor Count (initial value)
= # Incoming dependencies

Add all PC=0 (primary inputs) nodes to work queue
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Generating nhew work based on updated predecessor counts

Processed by
thread 1

Processed by
thread 2

PC=3=22=2>1->0

Processed by
thread 1

PC = O = Add to global work queue
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‘Benefit of dynamic processing

‘ Bottleneck (e.g., complex delay calculation)

‘ Nodes where work can proceed independent of bottleneck
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Multi threaded dynamic arrival time scaling

30 1

27X scaling with 32 threads

25

20

15

scaling
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Let’s go back to our earlier example

U =50, S=100K nodes, R=5, C=0.2

* By leveraging hierarchy, we obtained:
2.5X reduction in problem size

Closer to a 5X improvement in TAT if all unique macros can be analyzed in parallel across multiple systems

 Saw we have 16 core SMP machines available and we can achieve an 8X overall
improvement from fine-grain parallelism

* Now for STA:
20X TAT improvement vs. full flat analysis (running on a single machine)

40X TAT improvement vs. full flat analysis (if we distribute macro analysis across multiple
machines)

All without relying on improvements in single threaded h/w performance

* Multiple avenues to drive scaling
As cores/machine (& memory bandwidth) increases =» Deploy multiple threads per job
As system memory (& bandwidth) increases =» Deploy multiple in parallel jobs per machine

.
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Delay impact due to variability g
A
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The (hyper-) sphere vs. the (hyper-) cube

P2

3\/50_ A « Worst of all red corners is
“exhaustive corner timing”

* Very low probability regions
included

Performance limited by

3o
20 the most limiting path at
the most limiting corner
1
© * Virtually the same parametric
yield can be obtained with 3o

p, coverage within the “circle”

 Statistical timing permits some
parameters to be worst-cased
and others to be treated
statistically

.



How statistical static timing analysis (SSTA) works

* Deterministic: timing quantities are single
numbers
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The first-order canonical form

ao+a@(l+a2AX2+---+anAXn+a AR,

iy S n+l/
[ Sensitivities Global Independently
Constant random random

(nominal) variables; uncertainty

value in the these are

absence of probability

variations distributions

* All timing quantities computed and propagated in a parameterized form

ATs, RATs, slacks, slews, guard times, PLL adjusts, delays, CPPR adjusts,
coupling adjusts, assertions, ...

The correlation between two canonical forms can be computed on-demand
based on common dependence on global sources of variation

* This is the key idea that makes statistical timing work
Patent filed by IBM in September 2003

.



Timing closure needs

* Incremental analysis
* Fine grain capabilities: Respond quickly in the inner loop
of optimization

* Coarse grain capabilities: Periodically redo CRPR, noise,
slack steal, etc.

Additional dynamic queue processing for RAT dependency on AT

* Integration Pending
. _and- i incremental Backward RAT
Modular plgg and play architecture | _ change oropagation using level-
* Integration into optimizers: we have a physical synthesis limited dynamic queues
tool and a low-perturbation routing-aware polishing tool \

with our single golden timer integrated at the C++ level;

* Approximation modes

 Sign off accuracy is expensive =» need cheaper modes
which are less accurate, but much faster

* Asserted vs. computed statistical sensitivities, pin vs. pat..
slew mode, local retiming queues

TRAT level of query
oint

T >
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The Problem - A haystack of de5|gn

data

*High-performance
MICroprocessors are

complicated devices.

* Processor designs are separated into
hierarchical components

* Each of these are analyzed separately
and then stitched back together

6 *sum of size of compressed DD files on disk
uuuuuuuuuu




W N

Step 1: What happened?

Questions:

Is this the trend |

expect? .

e How many paths are ; ‘zggz
2

new? é 6,000

4,000

* How many got 2 000

worse? Better?

 Why did all of these
disappear?
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Goal: Form a mental model of the “whole

picture”



: Step 2: Why did it
happen?

* Questions:

* What do the
boundar X paths
look like*:

* Which categories
are the high fliers?

* How did these
architecture paths
change?

Goal: Dive into specific
design aspects
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Timing Visualizer 2.0 Y
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HELP SETTINGS

Select Design  >>  Timing Path Summary
E A 3033 LATE -17686.46 -1000000 : 0 APPLIED
TS LRI ENDPOINTS MODE FOM SLK_RANGE SETTINGS
Hierarchy: EC_LS Show summary for:  J2I; unique source, I2I: unique source group, I2I: source_sink_gr... ¥ Sortby: Group Size ¥ Phase types: all
L2L: UNIQUE SOURCE 29 X L2L: UNIQUE SOURCE GROUP 20 X L2L: SOURCE_SINK_GROUP_PAIR 33 x
2197 FAILING 2197 FAILING 2197 FAILING
-20.7 -20.7 -20.7
’ SLK RANGE ' SLK RANGE ’ SLK RANGE
-0.01 -0.01 -0.01
93.9% 98.0% 93.0%
TOP 3 GROUPS -8187.01 TOTAL FOM TOP 3 GROUPS -8187.01 TOTAL FOM TOP 3 GROUPS -8187.01 TOTAL FOM
-7732.04 TOP 3 FOM -8026.67 TOP 3 FOM -7647.44 TOP 3 FOM
Top 3 groups sorted by GROUP_SIZE  Phase Type ALL EXPAND [ Top 3 groups sorted by GROUP_SIZE  Phase Type ALL EXPAND [ Top 3 groups sorted by GROUP SIZE  Phase Type ALL EXPAND [
BOUNDARY: PI TO LATCH 31 X BOUNDARY: LATCH TO PO 24 x ALL: SOURCE_SINK_GROUP_PAIR 119 x
UNIQUE_SOURCE_GROUP UNIQUE_SOURCE_GROUP
475 FAILING 361 FAILING 3034 FAILING
-29.4 -44.27 -44.27
’ SLK RANGE ’ SLK RANGE ' SLK RANGE
-0.02 -0.06 -0.01
51.8% 84.8% 73.1%
TOP 3 GROUPS -5779.2 TOTAL FOM TOP 3 GROUPS -3720.25 TOTAL FOM TOP 3 GROUPS -17687.12 TOTAL FOM
-3416.45 TOP 3 FOM -2800.04 TOP 3 FOM -9480.53 TOP 3 FOM
Top 3 groups sorted by GROUP SIZE ~ Phase Type ALL EXPAND [ Top 3 groups sorted by GROUP_SIZE  Phase Type ALL EXPAND [ Top 3 groups sorted by GROUP SIZE ~ Phase Type ALL EXPAND [
121: unique source group BUNDLES: 20 PATHS: 2197 x
B Show Al 20 B Preview Off (J Show My Work items CREATE WORK ITEMS DRILL DOWN [ ###0]
[+] Inc=.x. GroupSize = > FOM =¥  %FOM =~ WorstSlack = ¥ ScenicRatio = v PrevCyc.= ¥ NextCyc = > Integration Dl = ¥ L2L Distance (uM) =¥ REAL = > Uselayers =
[+] 1 1074 -4056.67 49.55 -8.98 10.1 10.63 115.7 70.44 0 D5,B1,H1,M3,M4
2 1042 -3757.24 45.89 -9.71 10.1 10.63 120.03 70.44 0 D5,B1,H1,M3,M4
R S o ST
-63.90 1.24 15.66 104.51 455.03 4.08 D5,B1,M3,M4.
[+] -53.15 0.65 -20.7 1.16 21.55 -6.02 85.74 433.60 H1,D5,M3,M4
0.01 76.13 404.11 D5,H1,B1,M3,M4
[+] 8 7 2.47 103.87 25.95
[+] 9 1 9
2 -0.78 0.01 14.32 79.74 3221 94.38 6.45 D5M3 M4
-——
[+] 2 1.57 100.88 69.11 125.26 0 D5,H1,M3,M4
[+] 13 2 -0.21 0.00 -0.15 0 70.55 87.88 0 H1,D5,M3,M4
14 1 -13.81 0.17 -13.81 1.66 42.95 -4.41 119.7 283.55 0 H1,05,M3,M4
1 6.




2

5
Step 3: Deep Dive g T

BT g Te RVAEVE=[PL=T @20l DD : 40.6 DD-tim : prod oa-git:

[ Graph ID] [zadd2 ] 2021-03-01 14:40:24
Select Design >> Timing Path Summary =>> Timing Path Details
Timing PatH TaBLe [GRAPHDE]
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P I I : W C E n W E fiX thi E SCHEMATIC VIEW [ J FLOORPLAN VIEW M ROUTING CONGESTION
Endpoint TO_PIN START_PIN_NAME SLACK TEST_TYPE REAL_ADJ  PREV_CYCLE MEXT CYCLE CLK_F_SLACK TOTAL WIRE DELAY TOTAL
? Summary LSUB@LS_MUXDA_LBS1@LS_STF_MUXLA  PANSI_TCEX UNIT_CORE_ARY WR THRU_  -253 Setup 23.59 /A 40.08 N/A 156 2
p ro b I e I I I . Slack Serup ( SLACK = CLOCK ARRIVAL TIME + ADJUST - DATA ARRIVAL TIME - GUARD TIME ) ApJuST BREAKDOWN
Equation -253 = 77 + 172 - 487 - 14 DTa (172
. Pin Name =¥ AT =%~ Slack =~ Edge="“~ Phase =~ Wirelength =~ Def
* Which aspects need to be
LSU@@LS_MUXDA_LBS1@LS_STF_MUXLAT@LSO_STF_EV1_DATA_A2_Q_O_INST@LATC_3/DN 487.21  -252.51 R M@L 0.93 CW_INV
LSU@@LS_MUXDA_LBS1@LS_STF_MUXLAT@LSO_STF_EV1_DATA_A2 Q_0_INST@LATC_3/LCK 76.93 B M-
h ? LSU@@LS_MUXDA_LBS1@LS0_STF_EV1_DATA_Al BONNINV_C1(3)/Y 486.79 -252.51 R M@L 0.93 CW_INV
C a n e [l LSU@@LS_MUXDA_LBS1@LS0_STF_EV1_DATA_A1_BONNINV_C1(3)/A 481.14 -252.51 F M@L 124.82 CW_INV,
LSU@@LS_STF_OD1@HRD/RDO_DO(3) 471.27 -252.51 [F M@L 124.82 CA_RF_2
LSU@@LS_STF_OD1@HRD/RDO_DO(3)_X259 468.27 -252.51 [F M@L 0.00 CA_RF_2
LSU@@LS_STF_ OD1@HRD/IDIO@Idio_column{3)@RD0O_X_X23797 464.85 -252.51 R M@l 0.00 CA_RF_2
. . . LsU@@LS_STF_OD1@HRD/IDIO@Idio_column(3)@RD0O_X_X23796 462.47 -252.51 R M@L 0.00 CA_RF_2
( ;Oa I ] DI Ve In to S eCIfIC LSU@@LS_STF_OD1@HRD/IDIO@Idio_column(3)@RDO_XX_X23811 45551 | -252.51 F M@L 0.00 CA_RF_:
" p LSU@@LS_STF_OD1@HRD/IDIO@Idio_column{3)@RD0O_XX_X23810 454.25 -252.51 [F M@L 0.00 CA_RF_2
LSU@@LS_STF_OD1@HRD/IDIO@Idio_column(3) @LBIST_ARY_BUF_X5625 447.81 | -252.51 R M@L 0.00 CA_RF_Z
.
deSI n aS eCtS LsU@@LS_STF_OD1@HRD/IDIO@Idio_column{3)@LBIST_ARY_BUF_X5623 446.12 -252.51 R M@L 0.00 CA_RF_2
p LSU@@LS_STF_OD1@HRD/IDIO@Idio_column(3) @LBIST_ARY_C_X5622 429.37 | -252.51 F M@L 0.00 CA_RF_Z
LsU@@LS_STF_OD1@HRD/IDIO@Idio_column{3)@LBIST_ARY_C_X5619 428.09 -252.51 [F M@L 0.00 CA_RF_3
L . T e

AUTOMATION




Physical Design IA

* DD collects data from multiple
Synthesis disciplines and links them together
in @ manner easy to explore

Placement

* DD stores all of its data in a single
file for convenient management

Routing

DRC A

DD memory/disk footprint is over
10x smaller than the memory
consumed by the construction flows

Timing Analysis

DD load/init times are over 100x
faster

Noise Analysis

* DD can load netlist, timing,
placement, routing of a one million
net design in less than one minute

® LAlpESIGN
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Summary

* The post exponential era is upon us

Single threaded performance gains being replaced by large scale
integration of multiple cores

At the same time, we need to deal with.increasing levels of SoC
integration, impacts of process variability, etc.

* To succeed at advanced technology nodes, STA must
Be highly parallelizable
Leverage hierarchy and reuse
Account for process variability in a sustainable way (use SSTA)
Do all the above in an incremental framework

* Once analxsis Is complete, these results must be available in a .
manner which enables design team to see the big-picture, dive into
details on-demand, and derive actionable insight

AnalogFg: Google/Waze/Apple-Maps like interface for reviewing any timing run
at anylevel ofgniérarcm{aggny pof%t in time, near instantaneo%sly% &

. (S_Peaker’s Opinion) Any timing analyzer which cannot satisfy the above
will eventually be doonied

.



